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Introduction to Volume II:
Establishing a Framework for Success

I

t is essential that HIV/AIDS programs are based upon the most up-to-date, sound clinical
and scientific evidence and practical experience. There are numerous, and often disparate sources of
information to be drawn from in the field of HIV/AIDS, often making it hard to ensure that programs
are thoroughly evidence-informed. Yet we must always strive for the highest possible standard of care,
while ensuring that we take into account the wide spectrum of services that constitute a truly comprehensive approach. The AIDS pandemic represents a formidable challenge for the medical, nursing, and
allied health communities, one that we will not conquer for some time. Yet the numerous brilliant minds
dedicated to this cause have taken us further than was previously thought possible, giving us remarkably
effective treatments and preventive interventions, and providing insight into the most complex facets of
this disease.
This second volume starts off with the section “Science and Treatment of HIV Infection,” which provides a brief overview of the characteristics of HIV infection and the basics of antiretroviral treatment.
Here we will learn about the geographic variations of the virus, as well as the immune response and the
effect of antiretroviral treatment on this response. We are also reminded that when we treat someone living with HIV, we are treating the whole person, not just one disease. Therefore we must take into account
a range of other health needs, such as treatment for tuberculosis, malaria, and hepatitis. Two sections in
this volume, “Opportunistic Infections, Cancers, and Coinfections” and “Prevention and Management of
Tuberculosis,” discuss the identification and management of these and other life-threatening conditions
in HIV-positive individuals, and how the associated heightened risks from coinfection and co-treatment
can be minimized
A largely unmet need also exists for psychosocial support for people living with and affected by HIV.
Counseling is a powerful tool at our disposal that can be used to both prevent new infections, and to support those living with and affected by HIV. The chapters in the section “HIV Prevention, Counseling, and
Testing” show us that it is within our power to equalize the balance between prevention and treatment
in order to stem the tide of new infections. Prevention has lagged behind treatment, a trend that must
be reversed in order for us to make headway in combating the global pandemic. Some of the methods
proposed by the authors in this section include greater integration of prevention into care and treatment
programs, the creation of prevention interventions targeting people living with HIV, and the use of innovative counseling and testing strategies.
Rounding out this volume are the sections “Prevention of Mother-to-Child Transmission of HIV” and
“Pediatric and Adolescent HIV Care”. These two sections outline the critically important steps we can
take to stop the spread of disease to newborn infants, and to manage infection in young people—a highly
vulnerable and often overlooked group. Chapters focus on a range of important issues, from drug selection for prevention of mother-to-child transmission and methods of early infant diagnosis, to experiences
establishing youth-friendly health services.
xii

Ultimately the success of our programs will be measured not only by how many people we enroll into
care and treatment, but also by our ability to prevent new infections and provide quality services to all
those in need, especially the hardest-to-reach populations. If there is one theme that runs throughout the
diverse chapters featured in this volume, it is that no health condition can be managed in isolation, and
no individual, regardless of age or gender, can attain long-term health without receiving a comprehensive
range of services that respond to their medical as well as their psychosocial needs. Based on this assertion,
it could be said that true success will be conditioned upon our ability to apply a programmatic framework
that encompasses, and is able to link together, all of these disparate but inextricably linked services at all
levels of care—from the health facility to the community.

Michel Kazatchkine
Michel Kazatchkine, M.D., executive director of the Global Fund to Fight AIDS, Tuberculosis, and Malaria, has spent
the past 20 years fighting AIDS as a leading physician, researcher, administrator, advocate, policymaker and diplomat. Throughout his career, Dr. Kazatchkine has been closely involved with national and international NGOs working in the field of health and development. He is a long standing member of Médecins du Monde and a founding
member of Nova Dona, an NGO providing services to drug users in Paris.
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Sam Phiri
Executive Director of the Lighthouse Clinic, Malawi

Sam Phiri grew up in a rural village in
Malawi among farmers who scratched out a living from the land. That was what people did there,
generation after generation. There was little in his
upbringing that would suggest he would move
beyond secondary school. But Phiri, who is executive director of the Lighthouse Clinic, Malawi’s
first AIDS treatment center, was driven to do community service. And he found that he had a strong
interest in medicine.
He said his religious upbringing also guided him.
His mother, he said, taught him that their Christian
faith meant “we should be caring for others.”
“Even now, my mother and I do not talk about
what exactly that I do,” Phiri said. “Instead, she
says to me, ‘Son, do you make sure your skills as a
Christian are assisting your patients?’ ”
The son always tells his mother he is. Phiri, a

written by John Donnelly
photographs by Dominic Chavez

dr. phiri tends to one of his
patients at the lighthouse clinic
in lilongwe, malawi.
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“With ARVs coming in, we finally have treatment. But
scale up strategies on behavior change.”

medical clinician who is working on his PhD at the
London School of Hygiene and Tropical Medicine
to become a clinical epidemiologist, has been treating AIDS patients since 1993. For many years, the
situation seemed hopeless; hospitals were swamped
with AIDS cases—one 1997 study in Malawi found
that 73 % of the adults hospitalized with a fever
were HIV-positive—and treatment options were
all poor.
Many times, over several years, Phiri and his
colleagues despaired at the rate of death from
AIDS. “The corridors of the hospital were full, the
verandas were full, and then they would leave the
hospital very, very sick,” he said. “We had no way

xvi

of following up on these patients
who returned to their homes. I’m
sure most of them died.”
In 2002, he helped found the
Lighthouse, which would not only
usher in an era of antiretroviral
medicines to people infected with
HIV, but also give those patients
specialized care that was lacking in hospitals. Phiri and several
friends chose the name Lighthouse
because to them it represented a
“beacon of hope—even though
Malawi is a landlocked country,”
he said, laughing.
In his job, Phiri, 42, has mostly served as an administrator,
although he saves one day a week to see patients.
“I am a clinician at heart,” he said. “I don’t want to
lose that because it is so satisfying to see a patient,
manage their care, and watch them improve.”
The Lighthouse has grown steadily in its first
years, and by the end of 2007, it was overseeing the
antiretroviral treatment of 5,000 patients. The clinic
also was counseling and testing roughly 2,000 people
a month. And it is helping train a new cadre of health
workers in Malawi to treat people with HIV. Nearly
three-quarters of Malawi’s health workers who see
AIDS patients were trained at the Lighthouse. Sitting
in his office at the clinic, Phiri reflected on the beginnings of the Lighthouse and its future.
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now people may go back to loose behaviors. We need to
Q&A
with
Sam Phiri

Q: What was the genesis of the Lighthouse?
“I remember it well—it was 1996. I was working in the central hospital (in Lilongwe), and the adult wards were
really full. I said to myself, ‘What is really going on? Isn’t there anything I can do?’ We had a problem with the
drugs, and a lot of people were dying. On top of that I lost some friends in the medical department.”
Q: Do you recall one death in particular?
“Yes, it was the death of one of my colleagues—a close friend. He opened up quite late, that he had AIDS. By
the time he confided in me, he was really not well. But there was more to it. He had meningitis and we did not
have the best medicine for it. I said then that we really could have done better.”
Q: When did you know that the Lighthouse was going to work?
“Just after we opened it in 2002, we had a group education session for many patients. We wanted to give them
general HIV information. Stigma was very high. People didn’t talk about having AIDS. But at that meeting, I
was shocked that people stood up and said, ‘I found out I was with HIV and I was told I could come here to
be assisted. How can you help?’ I knew then that the clinic was going to be busy, and that it was going to be
hard work.”
Q: For a while, the number of patients began to overwhelm staff. How did you deal
with that situation?
“By 2005, we were seeing over 250 people a day. We decided to limit that to 180 patients. It was difficult, but
we had to do it. It was first come, first served. By 7 a.m., we were registering 180 patients. Then we adjusted
our system: nurses took care of some patients, and patients who were well would come every two months,
not every month.”
Q: What are the challenges you’ll face in the next five years?
“We will not have a problem in finding enough people to put on treatment. The problem is how we cope with
the demand. The government’s goal in Malawi is to have 245,000 patients around the country on treatment by
2010. With more people on treatment, we’ll also have more side effects, and more resistance. So doctors may
need to do more clinical work with individual patients. That means we will have to focus on capacity building
and improving service delivery.
“The other big change deals with prevention and behavior change. With ARVs [antiretroviral drugs] coming in, we finally had treatment. But now people may go back to loose behaviors. We need to scale up strategies
on behavior change.”
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Biology and Variation in
HIV-2 and HIV-1
Phyllis J. Kanki and Seema Thakore Meloni
Harvard School of Public Health AIDS Initiative, Harvard School of Public Health, United States

H

uman immunodeficiency virus
types 1 and 2 (HIV-1 and HIV-2) are
members of the Lentivirus genus of the
Retroviridae family of RNA viruses and are 50%
similar at the genetic level. HIV‑2, although more
closely related to the simian immunodeficiency
virus (SIV), is the second human immunodeficiency virus and constitutes the closest known human
virus related to the prototype AIDS virus, HIV‑1.
HIV-2 shares many virologic and biologic features
with HIV-1.1 Like other retroviruses, both HIVs
induce lifelong infection, with permanent integration of viral genetic material into the host cell’s
DNA. The enzyme responsible for viral replication,
reverse transcriptase, is error-prone, which results
in considerable genetic variation. This variation
is more pronounced in the genes that encode the
outer envelope regions compared with the polymerase (pol) and group-specific antigen (gag)
genes, which are more genetically constrained from
variability. Both HIV-1 and HIV-2 enter susceptible cells via the same primary receptor, the CD4,
but secondary co-receptors may differ between the
two viruses. As a result of these similarities in cell
receptors, both viruses are transmitted by the same
routes and infect the same cell types in people.

HIV-2
Although HIV-1 and HIV-2 are highly related
lentiviruses, they maintain some distinct epidemiologic and biologic characteristics. 1,2 HIV-2
is largely confined to West Africa, while HIV-1
infection is prevalent worldwide and accounts for
approximately 95% of all HIV infections globally.
Importantly, disease progression to AIDS occurs
much more slowly in HIV-2. In comparison to
HIV-1, these biologically relevant characteristics
of HIV-2 infection in vivo appear to model those
of an attenuated HIV infection. To date, the precise mechanisms responsible for this attenuated
phenotype of HIV-2 remain unclear. However,
HIV-2, like HIV-1, causes AIDS, although more
slowly, and it was based on these initial similarities that some believed that HIV-2 might cause a
second worldwide AIDS epidemic. Now, 23 years
after the discovery of HIV-2, no such epidemic has
occurred. Rather, research studies conducted both
in the laboratory and in HIV-2-infected people in
West Africa have highlighted distinct biological
differences between these related viruses.1,2
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History and Distribution of HIV-2
in Africa
It is now recognized that HIV and closely related viruses in primates, termed SIVs, exist. The
close antigenic relatedness of both SIV and HIV-2
to the prototype HIV-1 virus prompted both
the discovery and further classification of these
related viruses.3-5 When sera from West African
female sex workers were screened for antibodies
to HIV‑1 antigens, the antibodies revealed extensive cross‑reactivity for the virus gag antigens but
minimal antibody binding reactivity for the HIV‑1
envelope.4 Yet, when the same West African human
sera were assayed on SIV antigens, they reacted
strongly with the envelope proteins as well as the
gag antigens, suggesting infection with a virus that
was more closely related to SIV than to HIV-1. As
more sequence data became available from various
HIV-2 and SIV strains, it has also become apparent that no branching order of divergence can be
identified and that HIV-2 and SIV most probably
share a common ancestor.6,7 Therefore, it is well
recognized that HIV-2 is more closely related to
SIV than to HIV-1. It has been estimated that the
HIV‑1 and HIV‑2/SIV groups of viruses might
have diverged from each other as recently as 50–60
years ago.8,9
The discovery of HIV-2 in Senegal, West Africa,
in the mid-1980s prompted numerous studies to
determine the geographic distribution and biologic significance. Through the use of type-specific
serology assays, we now recognize that HIV-2 is
prevalent in most West African countries, surprisingly a distinctly different worldwide distribution
compared to that of HIV-1.10-12 In most other countries of West Africa, such as Burkina Faso, Ghana,
Ivory Coast, Nigeria, and Mali, infection with
HIV-1 is more prevalent than infection with HIV2, ranging from a 3- to 24-fold rate ratio (HIV-1
versus HIV-2).13-18 Although recent national serosurveys have not distinguished these virus types, it
2

is widely considered that HIV-2 prevalence rates
are diminishing. This supports the hypotheses
raised by Anderson and May, who analyzed the
available biological and epidemiological data on
HIV-1 and HIV-2 and used simple mathematical
models to study the competition between the two
viral types.19 The mathematical model of the concomitant transmission of the two viruses within the
same sexually active population suggested a positive association between pathogenicity and reproductive success, indicating that HIV-1 would competitively displace HIV-2 in the long term. In our
study of both viruses in Dakar, Senegal, over the
past 20 years, we have also observed the decrease of
HIV-2 prevalence in registered sex workers and a
concomitant increase in HIV-1.20
Outside West Africa, sporadic reports of HIV-2
infection have been previously made in Portugal,
Mozambique, Angola, southwestern India, and
Brazil; these events are all related to the former
ties Portugal had with West Africa.21 Portugal itself
appears to have low but stable rates of HIV‑2 prevalence in the population.14 The other countries once
shared common historical-political ties, with some
economic trade relationships existing even today.
As noted, HIV‑2 has been detected in some large
cities in southwestern India,22,23 perhaps because
of exchange with the former Portuguese colonies
of Africa. Goa, a former Portuguese colony, situated south of Bombay on the western coast, has
reported 4.9% HIV-2 and 9.8% HIV-1 infection
rates in patients with sexually transmitted infections (STIs).22 To date, significant HIV-2 infection
has not been reported in other parts of Asia.

HIV-2 Laboratory Diagnosis
The close relationship of HIV-2 to HIV-1 on a
genetic and antigenic level has necessitated the
development and use of type-specific assays in
order to diagnose and distinguish these related
viruses. The same methodologies and technologies
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The various type-specific assays can yield a
result of HIV-1 and HIV-2 positive status. The
HIV dual antibody profile is characterized by antibodies with strong reactivity to the env antigens
of both HIV-1 and HIV-2 by immunoblot and/or
radioimmunoprecipitation analysis (RIPA).4,25,36-38
This may result from the extensive cross-reactivity
that exists between the viruses and the lack of
type-specificity of the assay employed. Several possible biologic explanations for this phenomenon
can also be entertained, including dual infection
by both viruses or infection with a recombinant
virus. When human serum samples were tested in
places such as Ivory Coast, Senegal, and Burkina
Faso, a disproportionately large fraction of the
samples often tested as “dual positive” because
they appeared reactive on both HIV‑1 and HIV‑2
confirmatory tests.35,36,38,39 These sites have significant rates of both HIV-1 and HIV-2 infection, and
distinction of viruses and designation of dual reactivity remains a diagnostic challenge for the typical
HIV laboratory in geographic locales where both
viruses are circulating. When rates of HIV-2 virus
infection in a region or study have been low or
absent, it is generally considered that the finding of
dual HIV-1/HIV-2 infection is erroneous and likely
due to cross-reactivity from HIV-1 infection alone.

Lowered Sexual and Perinatal
Transmission Rates
Although HIV-1 and HIV-2 are thought to be
transmitted through human populations by the
same modes of transmission, the epidemiologic
distribution suggests that the rates of these transmissions may be distinct. In West Africa, the spread
of HIV-1 has exceeded that of HIV-2 over the past
two decades.20 During an eight‑year period of
follow-up in Senegal, there was a 26‑fold increase
in HIV‑1 infection rates, whereas HIV‑2 infection
rates remained relatively constant.40,41 These studies
indicated that HIV‑2 may have been in the human
Science and Treatment of HIV Infection
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for HIV-1 serologic testing, virus culture, and
genetic diagnostics such as polymerase chain reaction (PCR) have been modified for HIV-2 diagnosis and improved over the years. Because most
of the original HIV antibody tests were developed
using HIV‑1 antigens, the degree of cross‑reactivity
and specificity for HIV‑2 was highly variable.4,24
Most of the first-generation tests used whole virus
antigens, where antigens such as p24gag and pol
proteins (p66/p51) were well represented. These
antigens are more strongly cross‑reactive between
HIV-1 and HIV-2 compared to the envelope antigens, especially the external envelope protein,
the gp120.24-26 In the early 1990s, most European
nations, followed by the United States, incorporated HIV-2 testing into blood bank screening.27,28
The antibody tests used were Enzyme-Linked
ImmunoSorbent Assays (ELISAs) with combined
antigens of HIV-1 and HIV-2. Confirmation
of HIV-2 serostatus requires an HIV-2-specific
immunoblot (Western blot) or specific peptide
assays. Immunoblots demonstrating a profile of
major structural gene product recognition are typically used to confirm HIV-1 and HIV-2 diagnosis
using standard criteria. HIV-2-specific diagnosis
by immunoblot requires antibody reactivity to env
+ gag + pol antigens. In the absence of reactivity
to gag or pol antigens, the presence of reactivity to
two envelope antigens is required (gp120 and gp32,
transmembrane protein).29
Various investigations have focused on identifying type‑specific antigens to allow confirmatory tests that will distinguish between HIV‑1 and
HIV‑2. Most have been made as synthetic peptides,30-33 but some were larger bacterially expressed
peptides,34,35 which vary in sensitivity and specificity. As most were selected for specificity, one might
expect that sensitivity could be compromised.
Thus, although appropriate for type‑specific confirmation, they may not be as useful as larger
HIV‑2‑specific antigens for initial screening.

population in Africa at least as long as HIV‑1, and
in West Africa, HIV‑2 has apparently been present
considerably longer. The relative lack of significant
HIV‑2 prevalence in Europe, North America, and
Asia in the face of HIV‑1 expansion also supports
the general notion that HIV‑2 is spread less efficiently than HIV‑1.21,42-48
HIV-2 infection transmitted by blood and blood
products has been reported in case reports; however, widespread HIV testing in blood bank settings
has most probably limited the risk of this mode of
transmission.49,50 The most common modes of HIV
transmission in HIV-2-endemic areas are perinatal and heterosexual transmission; since most
West African countries have been afflicted with
both HIV-1 and HIV-2 infections, direct comparison of transmission rates between the two viruses
has been possible. In Senegalese female sex workers followed over an 11-year period, the annual
incidence of HIV-1 dramatically increased, with
an 18-fold increase in risk per year and a 13-fold
increase in risk over the entire study period. By
contrast, the incidence of HIV-2 remained stable,
despite higher HIV-2 prevalence.10,41 In this highrisk group, the heterosexual transmission of HIV-2
was significantly slower than that of HIV-1, which
strongly suggests differences in the heterosexual
transmission potential of these two related immunodeficiency viruses.
Gilbert et al performed a modeling study of
HIV-2 and HIV-1 to compare transmission potentials, where new nonparametric competing-risks
failure-time methods were used, which minimized
modeling assumptions and controlled for risk factors for HIV infection. Observing 1,948 women followed from 1985 to 1999, we compared the maleto-female transmission probability of HIV-1 and
HIV-2 per infectious sexual exposure. The HIV-1
versus HIV-2 infectivity ratio over time was estimated by nonparametric kernel smoothing of the
HIV-1/HIV-2 infection hazard ratio in sex workers
4

adjusted by an estimate of the relative HIV-1 versus HIV-2 prevalence in the partner population.
HIV-1 was found to be significantly more infectious than HIV-2 throughout the follow-up period
(P<.0001). The HIV-1/HIV-2 infectivity ratio was
inferred to be approximately constant over time,
with an estimated ratio of 3.55.51
Maternal or perinatal transmission of HIV‑2
also appears to be less efficient than for HIV‑1.5257
Perinatal transmission of HIV-2 and HIV-1 has
been studied in Guinea Bissau, Ivory Coast, France,
and Senegal, with all demonstrating extremely low
rates of perinatal transmission of HIV-2 (0%–3.7%
transmission) in contrast to that of HIV-1 (15%–
45% transmission).52,53,57-59 In studies that measured
perinatal transmission of both viruses, the rate of
HIV-1 transmission was 10- to 20-fold higher than
that of HIV-2 (see Table 1).

HIV-2-Related Disease and Differences
in Disease Progression
Early case reports described HIV‑2‑infected people
with disease consistent with an AIDS diagnosis.60-62
The disease characteristics, including tuberculosis,
chronic diarrhea, and Candida infections, were
similar to diseases seen in HIV‑1‑associated AIDS
in the same settings.62-64 Central nervous system
involvement has also occasionally been described
in HIV‑2 AIDS cases.65, 66 However, classical African
AIDS comorbidities, such as tuberculosis, often
have had only a weak epidemiological association
with HIV‑2, even in HIV‑2-endemic areas.67-69
In Dakar, Senegal, our prospective studies conducted in a registered female sex worker cohort
have provided the unique opportunity of measuring the infection and progression rates of both
HIV-1 and HIV-2 infections.67,68,70,71 Importantly,
these prospective studies have compared disease
progression in individuals with known times of
infection, and the cohort has now been observed
for more than 22 years, representing one of the
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Table 1. Key differences between HIV-1 and HIV-2

Geographic Distribution

HIV-1

HIV-2

Worldwide

West Africa

Heterosexual Transmission

3- to 6-fold lower

Perinatal Transmission

15%–45%

0%–5%

Time to AIDS

7–10 years

10–25 years

Treatment

NNRTIs* ineffective

*Non-nucleoside reverse transcriptase inhibitors

longest HIV natural-history studies in the literature. The Kaplan-Meier analysis of HIV-2-infected
individuals indicates that 85% (95% CI, 50%–96%)
remain AIDS-free after 8 years of HIV-2 infection.68
These differences in survival probabilities between
HIV-2 and HIV-1 were also seen for Centers for
Disease Control and Prevention (CDC) stage IV
disease and CD4 lymphocyte counts below 400
cells/mm3 and below 200 cells/mm3, as outcomes.
In our prospective study of HIV-2-infected
individuals, we also identified individuals who fit a
definition of long-term nonprogression and could
determine a rate of this phenotype in the study
population,68,71 also noted by others.72 Using a definition of long-term nonprogression of greater than
or equal to eight years of infection in the absence
of AIDS or related symptoms and stable CD4 (T4)
lymphocyte counts greater than 500 cells/mm3, we
found that 39 of 41 women (95%) could be classified as long-term nonprogressors.
Since it is well recognized that progression to
AIDS correlates with clinical immunosuppression,
studies to evaluate the level of immunocompromise with HIV-2 infection have been conducted
to further define the clinical significance of HIV-2
infection. In cross-sectional studies, T4 lymphocyte counts and T4:T8 ratios appeared reduced
in HIV‑2‑infected subjects, but less dramatically
than in HIV‑1‑infected subjects.68,73-75 Similarly,

alterations in T-cell subsets evaluated prospectively showed similar results, where immunosuppression was significantly slower to develop in HIV2-infected people than in those infected by HIV-1
and could not be demonstrated in all subjects.68,73
Skin-test anergy to various antigens was also less
pronounced in HIV‑2 infection.68,73 Together, these
studies of HIV-2 infection in populations in West
Africa conducted in the 1990s demonstrated that
the rate of immunosuppression and development
of AIDS was significantly slower when compared
with HIV-1 infection.
These distinct differences in pathogenicity provide a unique opportunity to identify viral and
host immune mechanisms involved in a closely
related and relevant virus system that is predicted
to have a significantly slower course of progression. Evidence for a lower viral burden in HIV-2infected individuals has been reported from both
virus-isolation and PCR studies.76-82 The isolation
rate of HIV-2 from peripheral blood mononuclear
cells or plasma of asymptomatic HIV-2-infected
individuals was lower than the isolation rate for
HIV-1.80 At lower CD4 lymphocyte counts, virus
isolation was equally efficient in both infections.
Studies in Gambia and Senegal suggest that proviral HIV-2 copies increase with disease development and the drop of CD4 lymphocytes.79,82 We
developed an internally controlled quantitative
Science and Treatment of HIV Infection
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reverse transcriptase–polymerase chain reaction to
measure HIV-2 viral load and determined levels of
plasma virus in the cohort of registered commercial
sex workers in Dakar, Senegal.77 HIV-2 viral RNA
was detectable in 56% of all samples tested; the
median load was 141 copies/mL. Levels of HIV-2
viral RNA in the plasma were inversely related
to CD4 cell counts. HIV-2 and HIV-1 viral loads
were compared among newly infected women in
the cohort; the median viral load was 30-fold lower
in the HIV-2-infected women (P<.001, Wilcoxon
rank-sum test), irrespective of the length of time
infected. This suggests that plasma viremia is
linked to the differences in the pathogenicity of
the two viruses.77 Similar findings have also been
described in Gambia and Guinea Bissau.78,83
Levels of virus in the plasma are closely related
to the pathogenicity of HIV-1, and infection with
HIV-2 leads to a significantly lower plasma viral
load. To further identify the source of this difference, we measured both viral RNA and proviral
DNA in matched samples from 34 HIV-2-infected
individuals. The median level of HIV-2 RNA for
the group was 189 copies/mL. Levels of HIV-2 RNA
were below the limit of detection in nearly half the
women, consistent with what we have previously reported in this population.76 Levels of HIV-2
proviral DNA were similar to those of HIV-1 but
failed to correlate with levels of viral RNA. Thus,
it appears that significant differences occur upon
expression, release, and/or maintenance of virions in the bloodstream. Our laboratory has gone
on to demonstrate that HIV-2 is able to establish
a stable, integrated proviral infection in vivo, but
that accumulation of viral mRNA is attenuated in
HIV-2 infection, relative to HIV-1. The differences
in viral mRNA are consistent with the differences
in plasma viral loads between HIV-1 and HIV-2,
and suggest that lower plasma viral loads, and possibly the attenuated pathogenesis of HIV-2, can
be explained by lower rates of viral replication in
6

vivo.84 Further comparative studies of both viral
and host factors that may affect expression will be
useful for understanding the differences between
HIV-1 and HIV-2 pathogenesis.
Since slower disease course appears to be common in HIV-2 infection, we reasoned that certain
subsets of the population would possess host characteristics that might predispose them to a more
rapid disease course. We conducted a case-control
study investigating possible associations between
human leukocyte antigen (HLA) and the risk of
disease progression in HIV-2.85 The HLA class I
status was molecularly typed in female sex workers from the Dakar, Senegal, cohort; HLA B35 was
associated with lack of p26 antibodies (P<.05) and
higher risk of disease progression. The same association was found for the class I haplotypes B35Cw4 and A23-Cw7 (P<.05), similar to the association with HIV-1.86 Our data show that certain HLA
molecules are associated with risk of disease progression in HIV-2; some of the alleles and haplotypes involved in susceptibility to disease are similar for both HIV-1 and HIV-2. Therefore, certain
genetic factors may be shared by HIV-1 and HIV-2
with respect to susceptibility to enhanced disease
progression.

HIV-2 Treatment
It is generally assumed that drugs that have efficacy against HIV‑1 will be effective against HIV‑2.
However, with the exception of a few in vitro analyses,87 most HIV‑1 drugs have not been thoroughly
tested for activity against HIV‑2. In addition, experience with antiretrovirals (ARVs) has been largely
confined to the developed world, where HIV-1
non-B subtypes and HIV-2 are rarer. Hence, it is
still not clear that current ARV therapeutic regimes
will be as efficacious given differences in virus subtype or type. Further, the natural history of HIV/
AIDS in the developing world does differ from
the disease in the developed world, where distinct
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two patients harbored a codon Q151M mutation,
which has been associated with multidrug resistance in HIV-1. Substitutions associated with
resistance to protease inhibitors at codon 46 were
observed in all individuals. Moreover, minor resistance mutations, as well as new ones, were often
seen in the protease gene. Thus, in limited studies,
amino acid changes in the HIV-2 RT and protease
genes, which could be associated with drug resistance, seem to occur at positions identical to those
for HIV-1.93

HIV-1 Subtypes
In the early 1990s, molecular techniques to sequence
and classify HIV viruses became more available.
These advances allowed for further characterization of HIV infections worldwide, with particular
emphasis on Africa, which bears the highest rates
of infection. It soon became apparent that genetic
variation in HIV-1 led to distinct strains, subtypes,
or clades. The genetic variability of HIV has been
attributed to the lack of proofreading ability of the
RT enzyme, the rapid turnover of virions, recombination of viruses, and selective immunologic
pressures.94 Three distinct groups within HIV-1, M,
N, and O, have been identified based on phylogenetic analysis of env and gag sequences from various geographic regions.95-97 Most HIV-1 sequences
belong to group M (major). A divergent subset
of viruses identified in Cameroon in 1994, which
did not cluster with group M viruses, were classified as group O (outlier),98 and in 1998, another
set of viruses, which did not cluster with group M
or O viruses, were termed group N viruses.99 It is
thought that the three groups were introduced by
three independent SIVcpz transmissions into the
human population in the early part of the 20th century.100,101 Interestingly, the earliest available HIV-1
isolate was sampled in the Democratic Republic
of Congo in 1959, and molecular clock analyses
estimate the timing of the most recent common
Science and Treatment of HIV Infection
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endemic opportunistic infections, common infectious disease agents, and clinical standards of care
may contribute to these differences. This suggests
that certain aspects of HIV clinical management
in developing-world settings will also require additional consideration. Antiretroviral therapy (ART)
is directed at lowering in vivo virus replication.
Clinical management and treatment decisions have
been difficult in the absence of a commercially
available HIV-2 plasma viral load assay.
We have had limited experience in the therapy of HIV-2 patients in the United States, where
it appears that standard combination ART can
readily reduce viral load levels below detection.88-90
To date, only case series and reports have evaluated the efficacy of HIV-1 ART regimens for the
treatment of HIV-2 infection; clearly, clinical trials are needed in the future. Through a case series
of 10 HIV-2-treated patients in the United States,
Mullins et al reported that HIV-1 regimens have
a reduced efficacy in the treatment of HIV-2 disease. From the few published studies,90,91 including our own, we are not able to adequately assess
the clinical utility of the non-nucleoside reverse
transcriptase inhibitor (NNRTI) class of antivirals as a treatment option for HIV-2, although
in vitro data suggest that this class of drugs may
be ineffective for treating HIV-2.92 Similar to our
observations, it appears that HIV-2 differs from
HIV-1 in the risk of disease progression at any
given CD4 cell count and may therefore have different implications for the timing and management of ARV therapy.91
The reverse transcriptase (RT) and protease
genes from 12 HIV-2-infected individuals who
had been treated with ARVs were examined for
the presence of drug-resistance mutations. Four
individuals carried virus genotypes with amino
acid substitutions potentially associated with resistance to nucleoside analogues: two at codon 70
(KR) and two at codon 184 (MV); the latter

ancestor of HIV-1 group M to the 1930s100,101 and
that of group O to the 1920s.102
Prior to 1992, HIV-1 strains were classified
based on their geographic origin, as European /
North American versus African strains, because
early phylogenetic analyses indicated that viruses from Europe and North America clustered
separately and distinctly from viruses isolated
in Africa.103-105 As more viruses from around the
world were sequenced and analyzed, it became

obvious that the original classification scheme was
insufficient. Further analyses of env and gag gene
sequences indicated the presence of multiple phylogenetic clusters, or clades, that were equidistant
from one another.106 These clades were termed subtypes, which are defined as groups of viruses that
closely resemble each other more than they do
other subtypes.94,105,106 The viruses originally classified as European / North American were reclassified as subtype B, while the African viruses were

A1
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A4
A2
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J
F1

Group M
F

F2
K
B
D
C
H
Group N
Group O
SIV-CPX.ANT

Figure 1. Phylogenetic tree showing HIV-1 groups and subtypes
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recombinants that share an identical mosaic structure, indicating that they are descendants of the
same recombinant event(s).104,111 As of February
2009, there were 43 CRFs listed in the Los Alamos
HIV Sequence Database.115 There have also been
reports of intergroup recombinants, composed
of a mosaic of group M and group O viruses.116-118
Thus far, though dual infection with HIV-1 and
HIV-2 has been shown in a number of studies,
there has been no in vivo evidence of an HIV-1/
HIV-2 recombinant.119,120

Geographic Distribution of HIV-1
Group M Subtypes
Phylogenetic classification of HIV strains has assisted in tracking the diversity of the globally circulating strains. Subtypes C and A viruses account for
most of the current HIV-1 infections worldwide,
and they are followed by subtype B and the intersubtype recombinants CRF01_AE and CRF02_
AG. While subtype B viruses are primarily found
in Europe, the Americas, and Australia, subtype
C dominates in southern Africa and India94,103,121-123
(Figure 2). Subtype D viruses are predominantly
found in central and eastern Africa, with a few
cases sometimes appearing in southern and western Africa.20.103,124 Though a pure subtype E virus
has never been found, it is part of the CRF01_AE
recombinant form. CRF01_AE has been identified
in Thailand, the Philippines, China, and central
Africa. Subtype F has been found in central Africa,
South America, and eastern Europe. Subtype G
has been reported in western and eastern Africa as
well as central Europe. Subtype H has been found
only in central Africa. Subtype J was identified in
Central America, and subtype K was found in the
Democratic Republic of Congo and Cameroon.
The recombinant virus CRF02_AG is the most
prevalent virus in West Africa.20,94,122,125-132
Despite the geographically specific distribution
of some of the HIV-1 subtypes, we continue to see
Science and Treatment of HIV Infection
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divided between subtypes A through F, excluding
E. Subsequently, subtypes G, H, J, and K were also
classified105 (Figure 1). To date, nine subtypes and
34 circulating recombinant forms (CRFs) have
been described. In North America and Europe, the
most prevalent form is the subtype B. However,
in Africa, where the disease is the most prevalent,
non-B subtypes predominate, with all nine subtypes
and many CRFs described across the continent.
In addition to groups and subtypes, some group
M subtypes have been further divided into subsubtypes.104 Based on full-length sequence data, subtype
A has been subdivided into A1–A4,103,107,108 and subtype F into F1 and F2.109,110 It has also been suggested
that the group of viruses designated as subtype K
should actually have maintained the name F3, but
for historical reasons it has been left as a separate
subtype.104 Similarly, subtypes B and D should have
been classified as related subsubtypes but have been
maintained as separate subtypes as well.104,111
At the nucleotide level, genetic distances
between subtypes range from 15% to 22% in the gag
gene, and from 20% to 30% in the env gene,103,104,112114
while the genetic distances between subsubtypes
range from 7% to 12% in the gag gene and 11% to
16% in the env gene.102-104,107,112
Over the years, with the increasing use of fulllength sequencing, it has become obvious that a
number of intersubtype recombinants are also circulating in human populations. Recombination
occurs when RT switches between two genomic
templates during replication at an estimated rate
of three recombination events per replication
cycle.115 Recombination is usually preceded by
dual infection of a cell with different viruses. The
recombinants formed are of two varieties. They are
either CRFs, which are widely spread in populations and usually have been found in at least three
epidemiologically unlinked individuals, or unique
recombinant forms (URFs), which do not attain
epidemiological significance. CRFs are defined as
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Figure 2. Worldwide distribution of major HIV-1 subtypes and HIV-2
shifts in certain subtypes as the world becomes
more of a global community. As immigration and
travel increase, we have seen a shift in subtype distributions, and it has been estimated that anywhere
from 25% to greater than 40% of the new infections
in Europe are non-B variants of African and Asian
origin.127,133,134 We are also witnessing an increasing
number of non-B infections in the United States.
For example, in a report on a well-studied military
cohort, 6% of all new infections were due to non-B
subtypes.135
It is difficult to interpret the variations seen in
the distribution patterns of the various subtypes.
As more than two decades have elapsed since the
beginning of the HIV epidemic, the global patterns
of spread are a result of a long period of evolution,
which is nearly impossible to reconstruct. It seems
likely that the geographic distribution of the different subtypes has been determined by a number of
10

factors. Primarily, it is believed that founder viruses were introduced into given populations, and
once they adapted, they rapidly diversified. It has
been hypothesized that the coexistence of different subtypes in a given population is determined
by the biological characteristics of the subtype, in
particular transmissibility and virulence, as well as
by interactions and cross-infections between different risk groups. While the rate of HIV spread is
not uniform across the globe, there appears to be
an inverse correlation between the rate of disease
spread and the variety of subtypes in a population.
More specifically, in areas where the rate of spread
has been relatively slow and stable, such as central Africa, we see a number of circulating subtypes
in the population, as opposed to southern Africa,
which has witnessed an explosive epidemic but has
one predominant subtype. It has been speculated
that the large variety of subtypes in central Africa
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HIV-1 Subtypes and Correlates of
Disease and Pathogenesis
In addition to the distinct epidemiologic patterns
exhibited by various HIV-1 subtypes, differing biologic properties have been identified across some
subtypes. There is evidence suggesting a relationship between subtype and modes of transmission.
Studies in Cape Town,136 Finland,137 Thailand,138
Australia,139 and Chile140 found that most subtype
B strains were associated with homosexual transmission while non-B strains were associated with
heterosexual transmission. Similarly, in a study
of U.S. military personnel, Brodine et al135 found
that people infected with non-subtype B HIV were
more likely to report heterosexual contact than
those with subtype B infection.
Infection with certain subtypes has also been
associated with increased risk of vertical transmission. A study conducted on mother-infant
pairs in Tanzania revealed that mothers infected
with HIV-1 subtype A, subtype C, and intersubtype recombinants were more likely to transmit
to their infants than were mothers infected with
subtype D.141 In an earlier related study, for perinatally transmitted C/D recombinant viruses, the V3
regions (env) were always from subtype C and never
from subtype D, suggesting that viruses containing subtype D-V3 have a reduced fitness as compared to those with subtype C-V3.142 Conversely,
a study conducted in Kenya indicated that women
infected with viruses that contained some subtype
D sequence were more likely to transmit than were
women who had any other sequence combinations
in the env and gag.143 Finally, a study of injecting
drug users in Thailand found a significantly higher

transmission probability associated with subtype E
as compared to subtype B.144
Various studies have demonstrated significant differences between subtypes with regard
to disease progression. We have described how
Senegalese women infected with a non-A subtype
were eight times more likely to develop AIDS than
were those infected with subtype A.70 Studies from
Uganda and Tanzania revealed that subjects with
subtype A had a slower progression to disease than
those with subtype D.145,146 Further research indicated that these differences might be explained by
the fact that subtype D viruses are more likely than
subtype A viruses to utilize the CXCR4 co-receptor
for viral entry.147,148 Conversely, a study conducted
in London, comparing HIV-1 disease in African
immigrants and non-African Londoners, found
no difference in progression by subtype. However,
it should be noted that this study used a crosssectional design and measured disease progression
starting from when the HIV-1-infected person
presented at the clinic.149
Clinical and immunological differences have
also been found between subtypes. In Kenya,
where subtypes A, C, and D were all co-circulating
within the same population, it was found that high
plasma RNA levels and low CD4 counts were significantly associated with subtype C infection.150
In a prospective study conducted at a methadone
treatment clinic in Thailand, people infected
with CRF01_AE were found to have higher viral
loads in early infection than those infected with
subtype B.151 However, this difference decreased
over time, such that the viral loads were similar
at 12, 18, and 24 months post-seroconversion.151
Similarly, a study in our laboratory indicated
that women infected with CRF02_AG had a significantly higher viral load during the early stage
of infection than did women not infected with
CRF02_AG.152 Infection with multiple subtypes
has also been associated with higher viral loads and
Science and Treatment of HIV Infection
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has been due to the relatively low spread of HIV-1
in the population. Furthermore, it is believed that
a number of subtypes can continue to coexist,
potentially because of the low crossover between
networks of risk groups.103

lower CD4 T-cell counts.153 Another study revealed
that subjects infected with subtype D had lower
average CD4 T-cell counts over the period of follow-up than did those infected with subtype A.145
Conversely, a study conducted in Thailand found
no major differences with regard to the degree
of immunosuppression or rates of opportunistic
infections between people infected with subtype
Bʹ (Thai B) or CRF01_AE.154 However, it must be
noted that this study was cross-sectional and that
the analyses of lymphocyte counts did not take
into account the time since seroconversion or the
disease stage for any of the subjects assessed when
comparing across the groups.
A few recent studies have identified structural
and functional differences across subtypes. An in
vitro study showed that viruses expressing a subtype C Vpu protein replicate with a lower efficiency than those expressing a subtype B Vpu; furthermore, when these viruses containing subtype
C Vpu were injected into macaques, there was a
more gradual CD4 T-cell decline as compared to
macaques injected with viruses containing subtype B Vpus.155 Subtype B viruses also were shown
to have longer gag proteins than non-subtype-B
viruses; this variation could potentially affect protein structure and function.156 Preliminary data
evaluating nef protein sequences revealed that
insertions and deletions found in subtype C nefs,
which are not found in subtype B, might be associated with a slower disease progression.157 Finally,
subtypes have been shown to differ in their propensity to recombine with other subtypes or CRFs;
a recent in vitro study indicated that subtype C
viruses were more likely than subtype B viruses to
recombine with CRF01_AE.158
Variation in subtype has also been associated
with different levels of interaction with HIV-2.
Sarr et al159 showed that the in vivo interaction
between HIV-1 and HIV-2 was influenced by
HIV-1 subtype. They found that the prevalence
12

of CRF02_AG viruses was significantly higher in
dually infected individuals compared with women
who were singly infected with HIV-1.159
A number of recent studies looking at resistance
mutations have revealed differences in mutation
patterns across subtypes. A study in Brazil suggested that subtype C viruses have a lower rate of
accumulation of mutations conferring resistance to
ARV than do subtype B viruses. ART-experienced
patients infected with subtype A had a lower prevalence of K65R and Y181C than those with subtypes
B or C.160 M89I/V was significantly more frequently observed in protease-inhibitor-treated patients
with subtypes C, F, or G infection than in those
with subtype B.161 Some studies found that HIV-1
subtype can influence selection and fading of
HIV-1 variants with specific drug-resistance mutations after antiretroviral drug exposure. Following
administration of single-dose nevirapine (sdNVP)
for prevention of mother-to-child transmission
(PMTCT), NVP-resistance mutations were higher
in subtype-D-infected patients than in those with
subtype A. The differences could be explained by
the finding that Y181C faded from detection at a
greater rate in women with subtype A, and K103N
accumulated at a greater rate in women with subtype D.162,163 Additional studies showed that NVP
resistance is highest in subtype C patients, followed by those with D and finally those with subtype A.163,164
Some cross-sectional studies have failed to
demonstrate biological or clinical differences
in genetically diverse viral strains. Alaeus et al165
found no difference in the rate of CD4 decline,
clinical progression, or plasma HIV-1 RNA levels
between individuals infected with subtypes A, B,
C, or D. Laurent et al166 found no difference in survival, clinical disease progression, or CD4 decline
between those infected with CRF02_AG and those
infected with other strains of the virus. In addition,
in a study comparing differences between subtypes
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Impact of HIV-1 Subtypes on Vaccine
Development
One of the major challenges to the development
of an effective HIV vaccine is the genetic diversity
of the virus. As a result, the role of HIV-1 subtype
variation must be seriously considered—particularly given the geographic distribution of HIV-1
viruses, with Africa and Asia harboring the largest
proportion of HIV-1 variants or subtypes. To date,
it is not yet known the degree to which HIV-1 subtypes, subsubtypes, and circulating recombinant
forms may be important in the design of an effective HIV vaccine.95
Whether or not a candidate vaccine against
HIV-1 should be based on the dominant subtypes
in a given region is unclear and the subject of
much speculation and debate. In order to appropriately address the issue, one must consider the
relationship between the HIV-1 genetic subtypes
and immune responses. Since the most effective
neutralizing antibodies appear to be effective across
genetic subtypes, it has been argued that a vaccine
targeting the humoral immune response focused
on genetic subtypes would not be necessary; some
support the approach of targeting more conserved
regions of the genome, and that is likely to yield
cross-protective immunity. Evaluation of cellular immunity by subtype has also indicated that
cross-recognition across subtypes may be possible,
at least in natural infection.168,169 As Moore et al105
point out, given that subtype designations were
not made based on the antigenic or immunogenic
properties of the virus and they do not correspond
to neutralization serotypes, it might not make sense
to be concerned with generating a subtype-specific
vaccine, rather one that is broadly cross-reactive.
Furthermore, the issue of superinfection and
recombination begs the question of whether or not

a vaccine generated against a single subtype will be
cross-protective against other subtypes of virus.170
Nonetheless, there are many researchers who are
still interested in generating clade-appropriate vaccines for given regions. The belief is that a subtypespecific vaccine candidate might increase the number
of potentially cross-reactive epitopes by augmenting
the level of similarity between the vaccine and the
population. For those designing subtype-specific
vaccines, there are two major approaches: isolatebased, or consensus- or ancestral-sequence-based
vaccines.171 The first approach involves the selection
of an isolate from the geographic region to which
the vaccine is directed, while the second approach
requires the construction of either a consensus or
ancestral sequence using all available sequence data
and an evolutionary model.171 When considering
the possibility of using an isolate-based vaccine, the
question arises as to where the representative isolate should be chosen from. Given the great diversity within subtypes and the fact that the geographic
restrictions of viruses are slowly disappearing, this
is a difficult choice. One solution is to use a polyvalent vaccine containing isolates as well as a group M
consensus sequence.171
Overall, even though many recommend against
generating subtype-specific vaccines, it is important
to test the vaccines for all the subtypes to make sure
that they are equally effective, as it has been found
that, when used individually, the broadly neutralizing antibodies 2F5, 2G12, and IgG1b12 were not
effective against a subtype C primary isolate but
were effective when used in combination.172

Conclusion
In summary, HIV’s propensity for genetic diversification has resulted in two closely related HIV types,
HIV-1 and HIV-2. These viruses have a distinct
geographic distribution, with HIV-2 predominating in West Africa. Current epidemiologic trends
suggest that HIV-2 is unlikely to result in a global
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A and D in mother-to-child transmission, subtype
did not appear to influence infant survival.167

pandemic like HIV-1 and may in fact be decreasing in endemic regions. Major differences in the
biologic properties between HIV-1 and HIV-2 suggest a more ancestral history to HIV-2 with adaptation to the human host and relative attenuation.
This has resulted in lowered transmission potential and decreased pathogenicity. The diversification of HIV-1 appears to be more recent and less
well understood. HIV-1 subtypes, subsubtypes,
and recombinant forms demonstrate a unique
geographic distribution, even within the African
continent. Current studies suggest that the epidemiology of these variants is dynamic, particularly
within Africa. In the future, it will be important

14

to molecularly characterize HIV subtypes in order
to accurately map the molecular epidemiologic
timeline. This may indicate important differences in the transmission and pathogenic properties
of HIV subtypes and determine their impact on
HIV infection and potential immune correlates.
Finally, it seems clear that the quest for an effective
HIV vaccine will need to determine the impact of
HIV diversity on the ability to provide protection.
Further research—particularly in Africa, where
these diverse HIV types, subtypes, and recombinant forms exist—will be critical to our ability to
integrate this information in effective therapeutic
and prophylactic interventions.
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and the Host Response
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D

uring the course of viral infections, many viruses are not eradicated
from the human host but are rather held
in a state of containment by the host immune
response, leading to a persistence or latency of the
viral infection. A consequence of this viral persistence is the likelihood of reactivation of the infection if immune control ceases. This reactivation
may occur during a state of immunodeficiency,
perhaps accompanied by either a symptomatic or
an asymptomatic viral reactivation. Prime examples of this phenomenon occur among viruses
belonging to the Herpesviridae family, such as
herpes simplex virus (HSV), cytomegalovirus
(CMV), varicella-zoster virus (VZV), or EpsteinBarr virus (EBV). Immunodeficiency allows
viral escape to take place, and varying forms and
severity of reactivation disease may occur. These
latent/persistent viruses are held in check by various components of the immune system.

Overview of the Immune
System
There are two basic components of the immune
system: the innate system and the adaptive system.

Innate Immune System
A wide range of innate immune mechanisms
operate as a first line of defense upon exposure
to infection. The physical barriers to infection
include skin, mucous secretions, ciliary action,
lachrymal tears, gastric acid, and the antagonistic effect of normal microbial flora. If penetration
occurs, bacteria are destroyed by soluble factors,
such as lysosomal enzymes, and through ingestion
by phagocytic cells. The main phagocytic cells are
polymorphonuclear leucocytes and macrophages.
Once engulfed by phagocytic cells, these organisms are destroyed by a number of microbicidal
mechanisms, including reactive oxygen intermediates or the synthesis of nitric oxide, which
is released within cytoplasmic granules. The
complement system, which is a multicomponent
system, is triggered to attract phagocytic cells.
Following activation of the complement system,
with the accompanying activation and attraction
of phagocytic cells and neutrophils, an inflammatory response occurs. There is also an elaboration
of other acute phase proteins, such as C-reactive
and mannose-binding proteins, which augment
the inflammatory response.
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Extracellular killing of virally infected cells can
be carried out by natural killer (NK) cells. NK cells,
an important component of the innate immune
system, participate in early responses against
infected or transformed cells either through the
production of cytokines or by direct cytotoxicity.
These responses are mediated through interactions
involving killer cell immunoglobulin-like receptors (KIRs), which are found on the cell’s surface.
Various KIR isotypes promote stimulation of NK
cell activity, whereas others cause inhibition of
activity. KIR isotypes function in close association
with human leukocyte antigen (HLA) molecules.
The KIR allele KIR 3DS1, in the presence of HLA-B
BW4-80ILE, has been shown to delay HIV disease
progression.1 Lysis by NK cells can also take place
against cells recognized by host antibodies through
binding of immunoglobulin to fragment constant
(Fc) receptors on the NK cells.
Toll-like receptors (TLRs) play a key role in the
response to microbial infections. TLRs recognize
structurally conserved molecules derived from
microbes and activate an immune response once
these molecules have breached physical barriers,
such as skin or intestinal tract mucosa. TLRs are
believed to be a crucial component of the innate
immune system and appear to be one of the most
ancient, conserved components of the immune system.2 TLRs, which are a type of pattern-recognition
receptor, recognize molecules that are broadly
shared by pathogens but that are distinguishable
from host molecules, collectively referred to as
pathogen-associated molecular patterns (PAMPs).
During acute primary HIV infection, there is
an acute depletion of CD4 cells in the intestinal
mucosa, leading to compromise in the integrity
of mucosal epithelium. A consequence of this is
the translocation of microbial products from the
lumen. These products include lipopolysaccharide (LPS), peptidoglycan, and bacterial 16sDNA,
which all interact with TLRs and have the capacity
26

to cause intense immune activation of a broad
range of T cells. Upon engagement with the TLR,
the T cells enter the cell cycle but fail to complete
division and instead die by apoptosis.3 Further evidence of the role of the TLRs’ response to microbial products suggests that there is a direct correlation between LPS in plasma and the individual’s
state of immune activation. The highest levels of
LPS were found in progressive disease, whereas the
lowest levels were found in long-term nonprogressors. Levels of bacterial products were also correlated with the state of activation of T cells and CD4
lymphocyte levels.4
Cellular Factors
The recently identified protein called APOBEC3G
has both an antiviral and an antiretroviral effect.5
This protein is from the APOBEC family of cytidine deaminases, which hypermutate retroviral
genomes and render them unstable. These proteins are expressed in the natural target cells for
HIV infection, namely CD4 lymphocytes and
macrophages. When the virus infects these cells,
APOBEC3G is packaged into the viral particle.
When the virus subsequently infects a new cell,
the APOBEC3G within the viral particle hypermutates the nascent viral complementary DNA
(cDNA), which is then degraded. The vif gene
product of HIV attempts to overcome this innate
antiviral response by binding to the protein and
overcoming its effect.6 TRIM5alpha is another cellular factor shown to have activity against HIV-1.7
This cellular protein interacts with the viral capsid
and interferes with the uncoating process through
which viral RNA is released into the cytoplasm of
an acutely infected cell.
A feature of the wide range of innate immune
responses is that they are not amplified by repeated
exposures to infection (in contradistinction to the
adaptive system). Recovery from viral infections
can be assisted by interferons.
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Diagnosis of Acute Primary HIV Infection

T

he clinical features of acute
primary infection develop days to weeks
after acquisition of HIV infection.
The manifestations are protean and include a
nonspecific influenza-like illness, infectious
mononucleosis-like illness, or an acute neurological presentation, often with acute aseptic
meningitis. It is important to take a good clinical history, as symptomatic primary infection
occurs in the majority of cases. Generalized
lymphadenopathy may be present, which
more commonly involves the cervical nodes.
In sub-Saharan Africa, clinical diagnosis may
be made more difficult by the high burden of
acute febrile illnesses.

Diagnosis of Acute Primary Infection
Routine laboratory testing may provide clues to
aid in the diagnosis of acute primary infection.
Hematological abnormalities are frequently
noted, including thrombocytopenia, anemia,

Adaptive Immune System
The primary cells of the adaptive immune system
are lymphocytes, which are derived from pluripotent cells in the bone marrow. The lymphocytes
undergo serial proliferation and differentiation,
ultimately leading to the development of a cellular
and humoral immune response (Figure 1).
Cellular Response
Bone marrow–derived lymphocytes actively
divide in the thymic cortex and then migrate to
the medulla, where they are induced to differentiate into cells that will eventually participate in
cellular immune responses. The thymus gland is
very active in infants and is responsible for the

leucopenia, lymphopenia, and monocytosis,
and atypical lymphocytes may be present on a
blood film. CD4 counts are usually decreased,
and there is a reversal of the CD4:CD8 ratio.
Tools used to detect primary infection in
the absence of seroconversion include p24
antigen assays and nucleic acid testing. Assays
for p24 antigen are widely available and relatively inexpensive. However, the sensitivity of
this assay is often suboptimal due to antibody
that has formed a complex with the antigen.
The assay’s sensitivity can be enhanced by
using an immune complex dissociating step
before performing the assay.
Where resources are available, the test of
choice is the polymerase chain reaction (PCR)
test for HIV-1 RNA. During acute infection,
the HIV RNA levels are typically greater
than 10,000 copies/mL of plasma. Levels
lower than 10,000 copies/mL warrant further
investigation.

selection of T cells in the body that will provide
protection throughout life. During a person’s lifetime, the thymus gland atrophies and becomes
smaller; until recently, it was thought that the
gland became inactive after the third decade of
life. Recent evidence suggests, however, that the
gland retains activity throughout a person’s life,
but that the thymic reserve declines with age.8
These emigrant naive T cells migrate to the secondary lymphoid tissues, such as the inner cortex
of the lymph nodes, the periarticular sheaths in
the lymph nodes, and the Peyer’s patches in the
gut, tonsils, and appendix. Once at these sites, the
thymic-dependent T lymphocytes become immunologically competent.
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Figure 1. Development of the cellular and humoral immune response
T cells only recognize antigen when it is on
the surface of a body cell. Accordingly, the T-cell
surface receptors recognize antigen when it is
presented in conjunction with another surface
marker belonging to a group of molecules known
as the major histocompatability complex (MHC).
When this occurs, a naive T cell is introduced to
an antigen and becomes “primed” and activated
as an effector cell. There is a constant movement
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of naive, effector, and memory cells from the
blood circulation to the lymphatic circulation and
lymph nodes. Antigen-primed T cells migrate to
tissues where HIV replication occurs; in these tissues, clonal expansion and recruitment of other
effector cells takes place, leading to hyperplasia
of the tissue, which manifests as lymphadenopathy, a condition often seen in early phases of HIV
infection.
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of soluble antiviral factors loosely termed CD8
antiviral factor (CAF).13,14 These factors act by
inhibiting viral transcription and appear to have
an action that is distinguishable from chemokineor defensin-mediated viral suppression.15-17 CD8mediated responses may be related to progression
of HIV disease and disease outcomes.18,19,20(pp201-208),21
All T lymphocytes bear the CD3 molecule and
the T-cell receptor. The major T-cell subset bears
the CD4 molecule, and these T cells are responsible for coordinating and helping the immune
response—hence, the name T-helper cells. They
promote CD8 cell activity and support B cells in
the production of antibodies.
In addition to CTLs, the cellular immune
response also relies on virus-specific T-helper cells.
T-helper cells bear the CD4 molecule and recognize viral proteins that have been taken up in
the lysosomes of antigen-presenting cells (APCs).
These proteins are processed at the cell surface in
conjunction with MHC class-11 molecules. The
T-helper cells become activated and drive immunological signals to other categories of immune cells
by direct cell-to-cell interactions and by the release
of soluble factors. In this instance, the viral peptides that serve as targets for the T-helper response
tend to be larger and are often 12–15 amino acids
in length. A hallmark of progressive HIV infection is the lack of strong HIV-specific T-helper cell
responses, which are lost early in the infection; this
loss often occurs during acute primary infection.
There are interesting clinical correlates of this phenomenon. In patients who have strong T-helper
responses, viral suppression is good. This is also
seen in so-called elite controllers, where T-helper
responses are optimal.22
Humoral Response
The differentiation of B lymphocytes probably
takes place in the bone marrow itself. The B lymphocytes carry surface markers that serve both as
Science and Treatment of HIV Infection
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Cytotoxic T lymphocytes (CTLs) bear the CD8
molecule and are a major immunological mechanism in the control of viremia. They inhibit viral
replication in at least two distinct ways.9 In the first
instance, direct killing of infected cells takes place.
When a virus invades a cell, a proteolytic degradation of viral proteins takes place. These proteins
are then transported into the endoplasmic reticulum, where they form a complex with a developing
MHC class-1 molecule and are transported to the
cell surface. The presence of the viral protein (usually 8–10 amino acids in length) within the protein-binding cleft of the class-1 molecule acts as an
immunological signal to CTLs. This event activates
the CTL to kill the infected cell through a direct
recognition mediated by the T-cell receptor (TCR)
on the CTL. This cell killing is carried out through
the production of granzymes and perforins by the
CTL.10 Although most cytolytic activity is mediated
through this route, CD8 cells expressing Fas ligand
can also bind to Fas (CD95) on the surface of target
cells, thereby inducing apoptotic cell death.11 At the
same time, activation of the CTL leads to the release
of soluble antiviral factors, which inhibit progeny
viruses from entering target cells.12 These antiviral
factors include the beta chemokines RANTES (regulated on activation normal T cell expressed and
secreted), MIP1α (macrophage inflammatory protein 1α), and MIP1β. These chemokines prevent
HIV from entering cells by competing for binding
to certain co-receptors and promoting internalization of the HIV co-receptor. RANTES, MIP1α,
and MIP1β are active against macrophage-tropic
chemokine receptor 5 (CCR5, or R5) viruses; other
soluble factors are active against CXC chemokine
receptor 4 (CXCR4, or R4) viruses.
Recent studies have reported additional antiviral
factors that are produced by CD8 cells but that are
clearly not chemokines. A group of defensins produced by neutrophils and CD8 cells have a similar
action. This compound is probably one constituent

antigen receptors and as identification markers.
Upon stimulation, these cells undergo blast transformation, proliferation, and differentiation, eventually becoming plasma cells that produce antibody. The majority of antibodies in HIV infection
are nonneutralizing and are often directed against
virion debris rather than against conformational
epitopes on intact virions. Neutralizing antibodies
are directed against a number of different epitopes,
including antibodies that prevent entry of virus
into cells (directed against the V3 loop) and into
CD4 binding (CD4-binding-site antibodies). Some
antibodies are directed against linear portions of
the viral envelope, whereas others are directed
against conformational structures.
Some potent neutralizing antibodies do not prevent binding of glycoprotein 120 (gp120) to CD4;
instead, they interact with the viral-receptor complex, thus preventing the necessary conformational
change that allows entry to be mediated by gp41.23
Neutralizing antibodies as a means of immune
control have been problematic in that they tend to
be weak and lack broad cross-reactivity. The viral
envelope displays considerable adaptability, with
the capacity to revise its glycosylation sites, resulting in a changed three-dimensional configuration
that allows it to escape antibody-mediated neutralization.24 Lack of capacity to neutralize new strains
arising within an individual results in an expansion of the viral “quasi species.” The relationship of
autologous neutralizing antibody responses to disease progression has been studied.18 Studies comparing the strength and breadth of neutralizing
antibodies in long-term nonprogressors and rapid
progressors (see definitions later in this chapter)
showed that responses in “controllers” was significantly greater than responses in “progressors.”18
As with the cellular immune responses, the
humoral responses are often disregulated and are
characterized by paradoxical hyperactivation and
hyporesponsiveness. Hyperactivation is reflected
30

by polyclonal hyperglobulinemia, only a portion of
which is directed against HIV antigens.25-27 Other
features of the hyperactivation include bone marrow plasmacytosis,28 heightened expression of
activation molecules on B lymphocytes,29 and the
presence of autoreactive antibodies in plasma.30
The humoral hyporesponsiveness is manifested
by a decrease in protective antibody responses to
antigens and after immunization with protein or
polysaccharide vaccines.31,32

Other Important Components of
the Immune System
Macrophages
Infection of monocytes/macrophages occurs via the
CD4 receptor, which is expressed on the cell surface;
however, this infection is in smaller numbers as
compared with CD4 lymphocytes.33 Because macrophages do not undergo lysis, these cells become
significant reservoirs of HIV. Monocyte migration
from the blood to tissues takes place continuously,
facilitating the transport of the virus to various tissues and anatomical compartments. Both monocytes and macrophages are antigen-presenting cells
that stimulate T- and B-lymphocyte responses;
they are also primary effector cells. They both
have an extensive array of antimicrobial, antifungal, chemotactic, and secretory functions, including the production of proinflammatory cytokines.
Although many of these functions are preserved
in HIV infection, many others are not.34,35 One of
the most important functional impairments relates
to the decreased killing of mycobacteria, which is
significant due to the high burden of mycobacterial
disease in developing countries, where the majority
of HIV infections occur.
Dendritic Cells
Dendritic cells (DCs) are an important group of
antigen-presenting cells that are derived in the
bone marrow from precursor CD34 stem cells and
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The Role of Cytokines
CD4 cells communicate with other cellular components of the immune system by either cell contact or the elaboration of soluble factors known as
cytokines. There are a number of different cytokines, each having different and distinct actions. A
bipolar Th1/Th2 concept was originally described
in the mouse model, in which there was a division of CD4 cells into Th1 and Th2 cells based
on the cytokine production from the respective

cells.39(pp124-125),40 Due to the enormous complexities
of the human immune response, this model is not
directly applicable to humans. However, relevant
features can provide some insights into immuno
pathogenesis during the course of HIV infection.
Th1 cells secrete cytokines that will drive a cellmediated immunity effected predominantly by
CD8 cells. Examples of these cytokines are IL-1,
IL-2, IL-6, IL-12, IL-15, tumor necrosis factor alpha
(TNF-α), and interferon-γ. A Th2 response drives
a humoral immune response and will stimulate B
cells. Th2 cytokines include IL-4, IL-5, and IL-10.
Th1 and Th2 cells are derived from a precursor
Th0 cell that is thought to be a naive cell capable
of secreting a broad range of cytokines. It is postulated that the differentiation into a Th1 or Th2
response is a function of the type of antigen initially
encountered and the immunological environment
predominating in the tissues at that time (Figure 2).
There is a cross-regulation between these distinct
responses, as well as a synergism in the differing
modes of action. During HIV disease progression,
CD4 cell loss leads to a progressive decline in the
Th1 responses and therefore to a progressive decline
in cell-mediated immunity, with a switch to Th2type immunity in late-stage disease.
There is also a group of CD4 cells, classified as
T-regulatory (Treg) cells, that serve a regulatory
function. These cells, which bear the CD25 marker,
are able to inhibit both Th1 and Th2 responses.41
The Treg cells express cytokine IL-10 and transforming growth factor beta (TGFβ). Some contrasting effects have been attributed to Treg cells,
including impairment of HIV-specific responses
on the one hand and suppression of immune activation on the other.42
Recent research has demonstrated the possible importance of Th17 cells, which elaborate a
cytokine IL-17. IL-17 is important in host defense
against extracellular pathogens, such as bacteria
and fungi. Th17 cells are profoundly depleted in
Science and Treatment of HIV Infection
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that act as a primer of the immune response. DCs,
which are found in lymphoid tissue and in nonlymphoid tissues (e.g., lungs, skin, and brain), trap
antigens and migrate to lymphoid tissue, where
the antigens are presented to immunocompetent
cells. There is also a concentration of DCs within
lymph nodes; these DCs form part of the follicular
dendritic network. Over the course of HIV disease,
there is a loss of the follicular dendritic network,
presumably due to a loss of interactive signals with
immunocompetent cells and to a disturbance in
the tissue’s cytokine milieu.36
DCs are thought to play an important role in
the early events of HIV infection. The major pathway of viral transmission is by cell-associated virus,
which is taken up by interdigitating dendritic cells
(Langerhans cells) situated in the cervical, vaginal,
and rectal mucosa. These cells are characterized
by the expression of CD1a and the presence of
Birbeck granules. Virus has been shown to be carried on dendritic cells by way of DC-SIGN (dendritic cell-specific ICAM-grabbing non-integrin)
to the regional lymph nodes, where a bridgehead
of infection is established. Two populations of
DCs can be identified in blood: myeloid dendritic
cells (characterized by expression of CD11c) and
plasmacytoid dendritic cells (CD123). Circulating
numbers of these cells tend to be diminished in
HIV infection, and this may occur early in primary
infection.37,38

Th1/Th2 Axis

Th0

IL-12

Th1

IL-4

cross
regulation

Th2

IL-1
IL-2
IL-6
IL-12
IL-15
TNF-α
IFN-γ

IL-4
IL-5
IL-10

Cell-Mediated Immunity

Humoral Immunity

Figure 2. Differentiation of the Th1 and Th2 immune response
the gut mucosa of HIV-infected individuals and
in pathogenic models of simian immunodeficiency
virus (SIV) infection.43 With the loss of Th17 cells,
bacterial commensals within the gut lumen may
gain access to deeper tissues and contribute to the
events involving the gut-associated lumen tissue
(GALT) in primary infection, leading to immune
activation and CD4 cell loss. The proinflammatory
cytokines, particularly TNF-α, can upregulate HIV
replication and drive high viral loads, as was seen
in a cohort of HIV-infected African patients during
and after treatment for tuberculosis.44 Abnormal
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levels of immune activation have been shown to be
a feature in HIV-negative subjects in Africa when
compared with their European counterparts, suggesting that environmental factors may be responsible for this observed difference.27 Some investigators speculate that hyperimmune activation
demonstrated in Africans may be a contributing
factor in the pathogenesis of AIDS in Africa.45 This
immune activation has the potential to create a
situation where HIV can be more readily acquired
and, if acquired, can lead to a more rapid progression of disease.
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Figure 3. Typical course of HIV infection

Natural History of HIV
Infection
Figure 3 outlines the events occurring in the typical
course of HIV infection. The sections that follow
provide a detailed description of immunological
events occurring at points A through E.

Point A
Point A represents the time of acquisition of HIV
infection. At this time, the immune system’s status
is normal (as represented by the CD4 count, which
in adult subjects lies between 800 and 1200 cells/
mm3). This is followed by a rapid burst of viral replication, during which very high levels of virus are
often recorded. The replication of virus takes place
in CD4 lymphocytes, leading to a loss of CD4 cells.
Although destruction of CD4 cells occurs throughout the body, it is particularly profound in the gut’s
mucosa-associated lymphoid tissue.

Point B
Point B represents the curtailment of the burst of
HIV replication. The control is initially brought
about by a cellular immune response, predominantly in the form of CD8 cytotoxic lymphocytes.46,47 Animal models have also demonstrated
the importance of CD8 T-cell responses in the control of viremia during primary infection with SIV.48
Although antibodies are detected at this time, they
do not contribute meaningfully to the curtailment
of viral replication, because they are nonneutralizing. Antibodies are, however, useful in the clinical
context in that they can be detected by various test
systems (usually serological) for identifying HIV
infection. The interval between point A and point
B is referred to as the window period, during which
the patient is antibody negative even though viral
replication can be detected. The appearance of the
immune response at point B is often accompanied by
Science and Treatment of HIV Infection

33

a clinical illness, which can take various forms and
is known as the seroconversion illness. This illness
often resembles an acute mononucleosis syndrome,
similar to that seen in acute EBV infection. In both
HIV and EBV infection, the clinical syndrome is
caused by the immune response to the respective
virus. Viral levels are suppressed, and, depending on
the quantity and quality of the immune response, a
level of virus in the body is reached that is unique to
each individual. This “viral set point” has prognostic significance, in that patients with lower viral set
points enjoy a survival advantage.

Point C
Although there is some recovery in CD4 levels in
the peripheral blood at point C, premorbid levels
are not regained. The maturation of the immune
response may take several months, and it is only
then that an effective viral set point is reached. The
patient then enters the period of clinical latency
(point D).

Point D
Point D may last for a number of years. During
this period, the patient is usually asymptomatic
or at most mildly symptomatic. Viral levels (i.e.,
viral load) remain remarkably constant, with occasional periodic “viral blips.” These blips are due
to upregulation of viral replication, often brought
about by the immune activation surrounding an
intercurrent infection or immunization. When the
immune activation ceases, the viral levels fall back
to previous set-point levels. During this clinical
latency, however, there is a progressive and gradual
loss of CD4 cells brought about by various pathogenetic mechanisms.
With the decrease in CD4-cell functionality,
particularly in regard to the help they offer CD8
cells, viral escape from the immune system takes
place, accompanied by increasing viral levels and
expansion of the viral quasi species. Numerous
34

studies have shown that CTL responses decline
with disease progression; this decline is probably
related to the number and functionality of virusspecific T-helper cells.9
The architecture of lymphoid tissue is also
altered over time, resulting in progressive loss of
the follicular dendritic cells (FDCs). During the
early phases of disease, lymph nodes are hyperplastic, with trapping of virus within the FDC
network and continual presentation of antigens to
the immune system. With the disintegration of the
lymphoid tissue, however, the virus is no longer
trapped, resulting in a spillover of virus into the
peripheral blood. This spillover contributes to the
high blood levels of virus seen in the later stages of
HIV disease.

Point E
When the amount of CD4 cells reaches critically
low levels (usually less than 200 cells/mm3), symptomatic disease and other opportunistic events are
likely to occur. At this time, various virological
and immunological events have taken place. With
the loss of immune control comes an expansion
of the viral quasi species and a change in the tropism of the virus from a macrophage-tropic virus,
which utilizes the CCR5 molecule for viral entry
(R5 virus), to a lymphocyte-tropic virus, which
utilizes the CXCR4 molecule as a co-receptor (R4
virus). Monitoring of CD4 counts and viral load
is important at all stages of infection, as it is used
to help clinicians determine when to commence
preventive chemotherapy for opportunistic infections and when to commence antiretroviral therapy (ART). Both of these therapies attempt to halt
and, to an extent, reverse the immunological damage that has taken place. In recent years, the timing
of ART initiation has undergone modifications in
an attempt to strike a balance between protection
of the immune system and prevention of the longterm effects of ART.
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Figure 4. Variation in viral characteristics during progression of HIV infection
Chemokines
Chemokines are soluble proteins that attract white
blood cells to sites of infection or inflammation in
the body. They are expressed in a wide range of cell
types and tissues in the body and are classified into
two subfamilies: CXC or α-chemokines and CC or
ß-chemokines. HIV utilizes the chemokine receptors on CD4 cells as a co-receptor, an interaction
necessary for viral entry. Macrophage-tropic HIV-1
viruses are nonsyncitium inducing (NSI) in culture
systems and utilize the CCR5 receptor for viral entry
(R5 viruses).49 Almost all new infections are due to
macrophage-tropic viruses. The ß-chemokines
MIP1α, MIP1ß, and RANTES are the normal physiological ligands for CCR5. These agents prevent
entry of HIV into cells. T-cell-tropic viruses, which
are syncitium inducing (SI), utilize CXCR4 for viral
entry (R4 viruses). The normal physiological ligand
for CXCR4 is stromal-derived factor 1 (SDF1).

During the course of HIV infection, there is a switch
from R5 to R4 viruses (Figure 4). Studies have shown
that subtype-C viruses almost exclusively utilize
CCR5 for viral entry50,51 and that individuals who
are homozygous for a deletion of the gene coding
for CCR5 (CCR5Δ32) are resistant to HIV infection.52 The mutant CCR5 allele is most commonly
detected in Caucasian populations.53 Individuals who
are heterozygous for the CCR5 deletion have a slower
progression of disease.54 To date, the mutant allele has
not been detected in African or Asian populations.
There have been conflicting reports on the influence
of the 64I allele of CCR2 on disease progression, with
some studies showing delayed progression and others
showing no influence of the mutant allele.55,56 Notably,
among a cohort of sex workers in Kenya who showed
resistance despite repeated high-risk exposures to
HIV-1, resistance was not related to any of the above
polymorphisms in the chemokine receptors.57
Science and Treatment of HIV Infection
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Mechanisms of CD4 Cell Loss
A hallmark of HIV disease is the functional impairment of CD4 lymphocytes, as well as their loss in
lymphoid tissue. A sequential loss of immune
responsiveness to recall antigens, followed by alloantigens and then mitogens, has been described.58 The
depletion of CD4 cells appears to result from factors
other than the direct cytopathic effect of HIV itself.
Destruction of CD4 cells by various mechanisms,
diminished production of CD4 cells, and the sequestration of CD4 cells in lymphoid tissue all appear to
contribute to the decrease in circulating CD4 cells.
CD4 T cells have a key role in mediating immune
responses through the production of immunomodulatory cytokines; the loss of these cells and the
failure of the remaining cells to function adequately
lead to a critical impairment of immune responses.

Sequestration in Lymphoid Tissue
In early HIV infection, there is hyperplasia of the
lymphoid tissue. Many HIV-infected individuals
have a syndrome of generalized lymphadenopathy characterized by accumulation of lymphocytes
within the lymph nodes and upregulation of intercellular and vascular adhesion molecule expression.59 This general lymphadenopathy results in
the sequestration of lymphocytes within lymphoid
tissues. Virus replication takes place within the
lymphoid tissue, leading to intense immune activation and elaboration of inflammatory cytokines.
Although this leads to CD4 cell loss, in the early
phases of the disease, these cells are replaced. With
time, however, CD4 cells fail to be replenished, and
there is a progressive disintegration of the lymphoid tissue architecture, all of which contributes
to CD4 cell loss.60

Increased Destruction
Intense immune activation following viral replication leads to an increased frequency of cells entering the cell cycle and subsequent programmed cell
36

death (apoptosis). Although a proportion of cell
death is undoubtedly due to the direct infection
of the cells, this proportion is far exceeded by cell
death by other means, predominantly by the activation of noninfected cells. CD4 cell loss can also
occur as a result of CTL activity directed against
HIV-infected cells, as well as from antibodydependent cellular cytotoxicity.

Diminished Production
In HIV disease, the output of lymphocytes from the
bone marrow is impaired. This impairment may
arise from diminished functionality of progenitor
CD34 cells, which appear to be susceptible to HIV
infection,61,62 or from the replacement of bone marrow tissue due to mycobacterial infection or lymphoma in more advanced disease. T lymphocytes
undergo maturation and differentiation in the thymus gland, where T cells with very high avidity
for host HLAs that bind endogenous peptides are
deleted, thus reducing the risk of autoimmune reactivity. Also eliminated are T cells with a low avidity
for the host HLAs, thus ensuring that the remaining cells are potentially capable of recognizing host
HLAs that bind foreign peptides. The population of
antigen-naive T lymphocytes that emerges contains
a diverse distribution of T-cell receptors capable
of recognizing a broad array of peptide antigens.
Although thymic activity is greatest during early
development and childhood, there is evidence that
thymic function still occurs in adults.8 There is also
evidence that HIV can infect thymic stromal cells
and that R4 viruses can infect thymocytes, thus
interfering with thymic function.63
The role of the thymus in HIV disease is complex. Thymus size is often preserved in HIVinfected adults and can also be evident in older subjects;64,65 there is also indication that thymic output
is maintained in HIV-uninfected people.66 Other
evidence indicates that thymic size decreases after
viral suppression with ART, suggesting that thymic
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Mechanisms of Immune Escape
T-Helper Cell Function
CD4 T-cell responses to HIV antigens that become
impaired may be partly restored by ART. CD4
T-cell proliferation responses to HIV antigens can
be preserved or restored in HIV-infected people
who are treated shortly after acquisition of infection71 and in some chronically infected individuals who are on suppressive therapy.72 If treatment is
commenced during advanced disease, less restoration of the immune system can be expected.73 With
the loss of CD4 cells by the various pathogenetic
mechanisms mentioned previously, in addition to
the impaired function of the remaining T-helper
cells and in conjunction with falling cytokine levels that promote CD8 activity, the maintenance of
CTL activity by CD8 cells becomes increasingly
impaired. The functional impairment of CD8
cells may result from chronic antigen stimulation,
which has been shown to impair the progression to
renewable memory cells.74

Cytotoxic T-Cell Function
A critical component in the immunological control of HIV infection is the cytotoxic T lymphocyte.
CTLs are essential to the initial control of viremia
during acute primary infection and play an important role throughout progression of the disease.
Even a single mutation within a single defined CTL

epitope can abolish CTL recognition. Failing CTL
function is an important correlate of HIV disease
progression.75
A study of HIV-positive mothers who transmitted virus to their children showed that CTL escape
played an important role in the transmission of
virus. HIV-positive children who expressed HLA
B27, an allele usually associated with viral control
in adults, failed to have adequate viral control and
had higher viral loads. Investigation revealed that
mothers who expressed HLA B27 also transmitted
a CTL escape variant to their children, such that the
dominant B27-restricted Gag epitope could not be
targeted. In contrast, children who inherited HLA
B27 from their fathers and received virus from their
mothers (who had not been under B27-restricted
selection pressure) were able to mount a vigorous
CTL response and achieve better viral control.76
Apart from the viral escape mutation mechanism that interferes with the cytotoxic activity of
CD8 cells, it has been shown that CD8 cells may
become dysfunctional. This dysfunction may be
due to reduced lytic activity,77,78 poor proliferation
in vitro,79 or decreased expression of signaling molecules that mediate T-cell receptor activation.80

Neutralizing Antibodies
There is a rapid evolution of immune escape
directed against the predominant viruses circulating in the blood.24 Escape occurs mainly through
mutations in glycosylation sites in the envelope protein. A new generation of antibodies then evolves
to deal with this “new” mutant virus, and the process is repeated. Unfortunately, these responses are
type specific, and there is limited cross-reactivity.

Viral Diversity
HIV is a retrovirus with an inherent capacity to
develop viral mutations because of an error-prone
reverse transcriptase enzyme and the lack of a corrective proof-reading mechanism. This capacity
Science and Treatment of HIV Infection
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size, and presumably thymic function, increases to
maintain cellular homeostasis.67 In individuals on
ART and with no increase in CD4 cells, thymic
failure can be demonstrated.68 Circulating levels of
IL-7 are often elevated in HIV-positive individuals,
particularly when the CD4 count falls below 100
cells/mm3; this suggests that cytokine has a role in
driving T-cell production.69 IL-7 is a cytokine that
may be important in thymopoiesis and promoting
naive T-cell expansion.70

is further fueled by high levels of viral replication
and the effect of the immune system’s selection
pressure. Even a single mutation in a defined CTL
epitope is sufficient to impair CTL recognition.81

Establishment of a Viral Reservoir
Most T cells exist in the resting state, with approximately half being naive cells that have not yet
responded to an antigen. The remainder of the
resting T-cell population consists of memory T
cells, which have encountered antigen and have
been programmed to react to that specific antigen
in the future. When these memory cells encounter the antigen a second time, they become activated, undergo blast transformation, and carry out
that cell’s specific immunological function. After
the immunological event, a small number of these
cells revert back to the resting memory cell state.
HIV preferentially replicates in activated CD4
cells, which are typically destroyed in the process. However, some cells become infected when
reverting to the resting state. When this occurs,
HIV becomes integrated into long-lived-memory
CD4 cells, a situation known as postintegration
latency. These events begin early in infection, creating over time a reservoir of latently infected cells.
These cells are sheltered from the immune system;
because they are transcriptionally inactive, they are
not eradicated by current ARTs.
The molecular mechanisms involved in the
establishment of latency have not been fully elucidated. Although it is generally believed that
the virus exists in a transcriptionally silent state,
recent work indicates that although the “latent”
genome is transcriptionally active, the viral transcripts are retained in the nucleus.82 Certain conditions within resting T cells inhibit HIV gene
expression—for example, some of the host transcription factors (NF-ĸß and nuclear factor of
activated T cells) necessary for gene expression
are absent. Recent evidence also indicates that
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exposure of quiescent cells to certain cytokines
can induce those cells to move along the cell
cycle to the G1 phase, thus removing barriers to
reverse transcription. Such cells are therefore susceptible to HIV infection but do not undergo full
activation and cell cycling. Infection of quiescent
cells may thus establish a repository of infected
cells, maintaining a reservoir of HIV that exists
for many years.83,84 Infected individuals harbor
approximately one latently infected cell per million resting CD4 cells. Although the size of the
infected cell pool is relatively small, it has the
capacity, upon activation, to become transcriptionally active and to release virions into the lymphocyte circulation. The frequency of these cells
tends to remain stable for years and is minimally
affected by ART.85,86
Monocytes and tissue macrophages are also
considered to be important cellular components
of viral persistence and latency.87,88 The general
consensus is that macrophages within the central nervous system serve as a reservoir of HIV
infection. It is unclear, however, whether the reservoir comprises long-lived HIV-infected microg
lial cells or whether the reservoir is continually
replenished by infected monocytes migrating
from the periphery. Other potential reservoirs of
infection include sites within the genital tract89,90
and possibly the kidney.91
Research has shown that neither the prolonged
use of ART nor strategies to activate expression of
virus from these reservoirs (by activating T cells
through the T-cell receptor or with IL-2) have
been successful in eradicating virus from the reservoirs, though the amount of virus may decrease
slightly.92-94 An added concern is that mathematical modeling and limited experimental evidence
suggest that pharmacologically induced high-level
T-cell stimulation not only is unlikely to eliminate
the T-cell reservoir but could potentially result in
T-cell depletion as well.95
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The majority of HIV-infected individuals remain
asymptomatic and maintain good viral control for
a number of years before CD4 cell loss allows viral
escape and opportunistic disease. This situation
occurs in 85% of individuals; without ART, a period
of 7 to 10 years passes before full-blown AIDS
occurs. A smaller percentage of individuals (5%–
10%)—a group known as “rapid progressors”—
display poor viral control, rapid loss of CD4 cells,
and rapid disease progression. At the other end of
the disease spectrum is a group that displays a slow
progression to disease. This latter group, comprising 5%–10% of infected individuals, is referred to
as “long-term nonprogressors” (LTNPs) or “elite
controllers.”

Factors Influencing the
Immune Response
The immunological events that take place at various stages of HIV disease were discussed in the
preceding sections. The following section covers
factors that influence the immune response at the
various stages of disease.

Host Genetic Factors
Differences in host genetic composition may also
affect the immune response and, consequently,
the rates of disease progression. Polymorphisms
in the chemokine co-receptors necessary for viral
entry have been associated with differing rates
of disease progression. These polymorphisms
are seen in people who are heterozygous for the
delta-32 base pair deletion in the CCR5 open reading frame. These individuals are characterized by
decreased expression of cell surface CCR5, lower
viral load, and slower disease progression.96 Viral
peptides are presented to the immune system for
recognition in association with HLA alleles, and
certain HLA alleles may vary in their efficiency

of antigen presentation.97,98 It has also been shown
that even a single substitution in an HLA molecule
can determine peptide binding and presentation.99
Certain HLA class-1 alleles have been associated
with a greater risk of disease progression, such
that patients with a greater heterozygosity in HLA
class-1 alleles have demonstrated better outcomes.100
In essence, this would imply that patients with a
broader immune response enjoy a better prognosis. Certain HLA backgrounds have been associated with protection against HIV infection; these
backgrounds have been described in seronegative
partners of HIV-infected individuals and in certain
groups of sex workers who have been resistant to
infection (see later in this chapter). For instance, a
study of seronegative sex workers in South Africa
found a clustering of HLA-A24 that was not found
in HIV-infected women, suggesting that this allele
may confer protection.101 Certain HLA molecules
(e.g., HLA-B27 and HLA-B14) are associated
with an immunodominant state, which results in
a slower progression to AIDS. In these cases, the
slow disease progression results from the HLA recognition of immunodominant epitopes, leading to
a restriction in the viral diversity within the viral
quasi species and thus in greater immune control.
This, in turn, leads to a lower viral set point. In
contrast, HLA-A29 and HLA-B22 are significantly
associated with rapid progression to AIDS, possibly
a result of limited antigen presentation. A persuasive example of the influence of the HLA system
on the immune control of HIV infection is seen
among LTNPs, or elite controllers, among whom
there is a significant association with HLA-B*57.102

Immune Activation
As stated earlier, immune activation plays a key
role in the pathogenesis of HIV infection, as seen
in resource-limited settings, in particular in subSaharan Africa. Activation of the immune system
is a necessary component of the body’s response
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Correlates of Disease
Progression

to invading organisms. However, if the immune
activation is excessive or prolonged, a number of
negative consequences may occur. This excessive
immune activation occurs in HIV infection because
of the ongoing mutation and evolution of the virus
within the quasi species. The negative effects of
excessive immune activation include upregulation
of HIV replication, driven by proinflammatory
cytokines and leading to CD4 cell loss; integration
of unintegrated viral RNA; apoptosis of uninfected
cells; and polyclonal stimulation of B cells, with
production of high levels of immunoglobulins.103,104
The immune activation noted in HIV-infected
individuals is probably multifactoral in nature. The
first factor is the direct effect of HIV on T cells. The
interaction between gp120 and the CD4 or CCR5
molecule can induce intracellular signaling.105 The
second factor inducing systemic immune activation
is the host immune response to HIV. This activation
is likely to be initiated at the innate immune system
level, involving plasmacytoid dendritic cells through
TLR stimulation, resulting in adaptive HIV-specific
humoral and cellular responses.106 A further mechanism of immune activation relates to the translocation of intestinal microbial products from the
intestinal lumen to the systemic circulation, where
they can cause immune activation by binding to
TLRs.4,107 Other pathogens, including opportunistic pathogens, play an additive role in promoting
immune activation.108 It has also been shown that
helminth infections, which cause immune activation, may result in enhanced disease progression.109
Another potential factor is the non-antigen-specific
bystander activation of T and B lymphocytes caused
by increased stimulation of proinflammatory cytokines. This activation results in these cells becoming
prone to activation-induced cell death.110,111
At the molecular level, there is an increase in
the number of CD8 cells bearing activation markers such as CD38 and HLA-DR. High expression
of these activation markers is seen at the time of
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seroconversion. High levels of CD8/CD38 expression has been noted in the presence of high viral
loads and serve as an independent prognostic marker.112-114 A further measure of the state
of immune activation is reflected in the levels of
inflammatory cytokines in HIV-infected subjects.
Plasma levels of TNF-α, IL-1, and IL-6 are often
elevated in later stages of HIV infection, and both
TNF-α and IL-6 levels are directly correlated with
plasma HIV RNA levels.115 With the administration
of ART, measures of immune activation decrease,
further supporting the hypothesis that the activation is related to viral replication.
States of immune activation are more commonly encountered in African populations than
among populations in developed countries.116 This
is due to the high levels of immune system activation seen in settings where there is a high burden of
endemic infectious diseases, such as tuberculosis,
respiratory infections, schistosomiasis, and various
sexually transmitted infections (STIs).117 In the case
of STIs, activated lymphocytes are found both systemically and at the site of infection and are associated with genital ulceration, which facilitates the
acquisition and dissemination of HIV infection.
Helminthiasis has also been associated with significant immune activation in African subjects.
With the introduction of ART, a significant
and rapid decrease in activation markers occurs. A
drop in the viral load is associated with a decrease
in CD38/HLA-DR+, CD38/CD45RO+, and HLADR+CD45RO+. In this instance, the RO surface
marker refers to the marker that identifies memory cells, and the CD45+ marker is found on all
leucocytes.

Viral Subtype
The proinflammatory cytokines have been shown
to upregulate HIV replication44 due to the binding
of nuclear factor kappa B (NF-ĸß) to a consensus
sequence in the core enhancer region of HIV’s long
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Malnutrition
Malnutrition, an endemic problem in resourcelimited settings, is an important underlying cause
of childhood deaths, as well as an aggravating
factor in a number of infectious diseases among
adults.123 Malnutrition alters all defense mechanisms, including anatomical barriers, cell-mediated
responses, phagocytic and microbicidal functions,
and humoral functions (both antibody and complement).124 A reduction in the opsonic capacity of
serum, diminished avidity of antibodies, inhibition

of neutrophil and macrophage migration, and
reduced intracellular killing capacity of phagocytic
cells have also been recorded in individuals suffering from malnutrition. Secretory immunoglobulin A (sIgA) levels in these individuals are also
decreased, which can lead to increased bacterial
colonization of the respiratory epithelium.
The cellular immune defects observed in malnourished children include involution of the thymus gland, with a decrease in thymus-derived lymphocytes, leading to an impairment of T-dependent
antibody responses and an imbalance of the Th1/
Th2 axis. HIV infection, in turn, also causes several metabolic disturbances, including changes in
whole-body protein turnover, increased urinary
nitrogen loss, and skeletal muscle breakdown,
which further compromise the nutritional deficit.
A feature of HIV infection is a depletion of micronutrient status.125 These micronutrients include
selenium, zinc, magnesium, vitamin E, cyanocobalamin, vitamin C, folic acid, and niacin.126,127 All
of these factors play a key role in various immune
processes, as well as in the functional and structural integrity of epithelial tissues. They are also
involved in DNA synthesis, hemopoiesis, and
decreasing oxidative stress in tissues.

Age at the Time of HIV Infection
Data from a number of cohort studies indicate that
the risk of disease progression and mortality can be
correlated with age, after adjusting for CD4 counts
and plasma HIV RNA levels.128

Interaction between HIV and Malaria
The interaction between HIV and malaria has
important public-health implications in resourcelimited settings, particularly in sub-Saharan Africa,
where there is a high prevalence of both infections.
HIV infection impairs the cell-mediated immunity
that is crucial for antimalarial responses. In areas
of stable malaria transmission, such as Uganda,
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terminal repeat (LTR). Studies have shown that the
NF-ĸß enhancer configuration and copy number
differ among subtypes. In subtypes B and E, one
or two NF-ĸß consensus sequences are present in
the viral LTR’s core enhancer region. In subtype C,
however, three or more NF-ĸß consensus sequences
have been reported. Thus, in subtype C, the potential exists for greater cytokine-driven viral replication.118,119 The resultant higher viral loads could, in
turn, result in greater disease progression.
During primary HIV infection, a massive depletion of CD4 memory cells occurs in the GALT. In
simian HIV (SHIV)-infected macaque monkeys,
the viral RNA of the SHIV chimera bearing the
subtype-C promoter predominated in feces and
serum during primary infection. The subtype-B
promoter, however, was found predominantly in
peripheral blood mononuclear cells. Viral RNA in
the feces reflects viral production in GALT.120 The
action of cytokines, such as IL-2 and IL-15, in the
intestinal environment can upregulate HIV replication by interaction of these cytokines with the
NF-ĸß binding sites.121 This interaction may translate into differences in disease progression due to
higher viral loads. It has been noted that there is
a slower disease progression in subtype-A infections, with significant differences observed in viral
load at peak viremia during acute primary infection, and at the viral set point.122

malaria infection rates and frequency of clinical illness appear to be increased in HIV-infected
adults, particularly those with low CD4 counts.129
For instance, a study in urban Malawi found an
increasing incidence of clinical malaria with significant parasitemia when CD4 counts decreased,
suggesting an inverse relationship between parasite density and CD4 count.130 Studies suggest that
HIV-associated immunosuppression interferes
with parasite control and a loss of specific protection against malaria-driven disease.
In regions of unstable malaria transmission,
HIV-infected adults are at an increased risk of
complicated and severe malaria and death. This
is significant because more than half of the global
burden of malaria is in hypoendemic and mesoendemic regions. For instance, studies in South Africa
have reported a doubling of the risk of complicated
malaria and a fivefold increased risk of death in
HIV-infected adults.131,132 An additional factor is the
prolonged clearance times for parasitemia following
malaria treatment in HIV-infected adults.133 A study
in Malawi, examining the effect of malaria on HIV
disease, demonstrated up to a 10-fold increase in
HIV viral load among patients with malaria.134 This
effect was correlated with the level of parasitemia
and clinical severity of disease. Such increases in
viral load will lead to CD4 cell loss, which is likely to
influence the progression of HIV disease.

Lessons Learned from
Special Groups
Highly Exposed, Persistently
Seronegative Individuals
In most settings, highly exposed, persistently seronegative (HEPS) individuals have been identified
who, despite repeated exposures to HIV, have
remained seronegative. The immune response
among HEPS may provide important clues regarding the dominant correlates of immunity that could
42

potentially assist vaccine development. The mechanisms of protection among HEPS remain unclear,
and there may be more than one possible pathway.
For instance, in some individuals, there is evidence
that an abortive infection has occurred, while in
others, there may be a true resistance to infection.
Low levels of CD8 cells reactive to HIV peptides
have been found in groups of high-risk seronegative individuals.135,136 A study from Gambia among
a group of sex workers reported that detectable
CTL responses were seen in three of six HEPS
individuals, suggesting that infection had occurred
but had been cleared.137 Another study in Nairobi
demonstrated the presence of mucosal anti-HIV
CTLs in individuals who remained seronegative,
despite repeated high-risk exposures.138 Humoral
responses have also demonstrated immunological
memory to HIV. Specifically, mucosal immuno
globulin A (IgA), capable of cross-clade HIV
binding and neutralization, has been found in
genital secretions of some high-risk uninfected
individuals.139,140 It has also been postulated that
some exposed seronegative individuals may actually harbor low levels of virus141 or that repeated
exposures continually boost these immunological
responses, hence promoting ongoing protection.
The latter hypothesis may be supported by findings from a group of sex workers who ceased commercial sex work for a period of time and then
became infected once they recommenced their
high-risk exposures.142
Earlier experiments provide compelling evidence that CTLs from HEPS individuals provide
protection. In a series of experiments, CTLs that
were transferred to severe combined immunodeficiency (SCID) / beige mice provided protection to
subsequent HIV challenge.39(p133) Yet not all HEPS
individuals display these CTL responses, suggesting that protective factors are also at work.
Genetic influences also play a protective role,
such that individuals who are heterozygous for
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Long-Term Nonprogressors
LTNPs, or elite controllers, make up approximately
5%–10% of HIV-infected individuals.20(pp301-330),143
This group also provides important insights into
the correlates of immune control of HIV and can
thus inform HIV vaccine design. The LTNPs, as a
group, are fairly heterogeneous, with the following
common characteristics:
• Have had HIV infection for 10 years or longer
• Are asymptomatic
• Are not on ART
• Have normal or stable CD4 counts
• Have strong cellular immune responses
• Have good neutralizing antibody responses
• May have genetic profiles associated with
delayed progression

Additional Considerations
Superinfection
For a long time, it was assumed that individuals
infected with one strain of HIV would be resistant to infection from another strain. Yet the everincreasing number of circulating recombinant
forms (CRFs) provide ample proof that “superinfections” are not a rare curiosity, but rather a more
frequent phenomenon than was previously realized. These superinfections hold important implications for the clinical management of disease, as
well as for vaccine design.

Monitoring of Immune Status
The hallmark of HIV disease is the destruction of
CD4 lymphocytes. Thus, the most commonly used
test for measuring individual immune status is
the CD4 count, which clinicians use to define the
stage of HIV infection; to determine when to initiate chemoprophylaxis against opportunistic infections (e.g., Pneumocystis jiroveci pneumonia) and to
commence ART; and to monitor response to treatment. The AIDS diagnosis is made in individuals
with a CD4 count of 200 cells/mm3 or less or a CD4
percentage of less than 14%. There is considerable
variation among patients in the loss of CD4 cells,
with an accelerated loss seen in patients with higher
viral loads or in patients with coexisting morbidities
(e.g., tuberculosis). CD4 percentages are less variable than are CD4 counts and are important to take
into account when assessing immune function, particularly when comparing results performed on different platforms or by different laboratories.
The gold standard for measuring CD4 cells is
flow cytometry, a technique that is often beyond
the reach of facilities in resource-limited settings
because of its high cost and the need for trained
laboratory personnel. Simpler, lower-cost strategies for CD4 testing in resource-limited settings
are currently being developed. Total lymphocyte
count (TLC) has been used, with limited success,
as a surrogate for CD4 counts. However, the reference ranges used for CD4 and CD8 counts are
often based on analysis of samples from healthy
individuals in developed countries, and there is a
paucity of reports containing reference ranges from
African countries, where it is thought these parameters may differ.144 This theory is supported by a
study in Abidjan, Côte D’Ivoire, in which the absolute CD4 counts of HIV-infected individuals were
found to be higher than in HIV-infected patients
in France.144 Similar discrepancies have been noted
in other African populations when compared with
their counterparts in Europe or North America.145
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the deletion of the CCR5 gene are relatively resistant to infection. Just as certain HLA backgrounds
have been associated with HEPS sex workers, they
may also play a role in protection. For instance, an
increased frequency of HLA-B18 and HLA-A11 have
been found in sex workers in Thailand. Increased
frequency of HLA-B18 has also been found in the
Nairobi, Kenya, HEPS cohort. In KwaZulu-Natal,
South Africa, a higher frequency of HLA-A68 was
noted in uninfected or HEPS individuals.39(p135)

A number of factors influence CD4 counts,
including age, sex, diurnal variations, exercise, and
certain drugs. In pediatric populations, CD4 percentages are used for clinical management decisions due to the wide variation in absolute CD4
counts in this age group. In summary, it is important to establish local CD4 and CD8 reference
ranges based on local or regional data, rather than
simply using the potentially inappropriate ranges
provided by test kit manufacturers.

Immune Reconstitution Following
Commencement of Antiretroviral
Therapy
When viral suppression is achieved after the initiation of ART, reconstitution of the immune function is possible. This reconstitution may manifest
as the disappearance of opportunistic infections
and the restoration of delayed-type hypersensitivity (DTH) to recall antigens. The capacity for more
optimal immune restoration relies on antiretrovirals (ARVs) being initiated before the immune
system has sustained advanced viral damage.146
Sustained viral suppression is associated with
a decrease in activation markers (i.e., CD38 and
HLA-DR+ cells) and a progressive increase in CD4
cells. There is a biphasic increase in CD4 cells,
with the initial increase being related to a release
of memory cells from lymphoid tissues bearing the
CD4/CD45RO+ marker. This is followed by a slow
and steady increase in naive CD4 cells that display
CD4/CD45RA+ markers.
Current guidelines for developing countries
suggest that initiation of ART should take place
when an individual has a CD4 count below 200
cells/mm3 and/or an AIDS-defining condition.
However, an ever-increasing body of evidence
suggests that in these settings, earlier initiation of
treatment will lead to more comprehensive restoration of immune function. For instance, a recent
study showed that patients commencing ART at
44

baseline CD4 counts higher than 350 cells/mm3
regained nearly normal CD4 counts after six years
of therapy.147, 148
Immune Reconstitution Inflammatory Syndrome
The suppression of HIV replication following ART
allows for recovery of the immune system and restoration of pathogen-specific immune responses.
In some cases, this is accompanied by immunopathological reactions and clinical deterioration.149,150 This condition is termed immune restoration disease, or immune reconstitution inflammatory syndrome (IRIS), and has been reported
in relation to a number of pathogens and autoimmune phenomena. In states of severe immunodeficiency, pathogens are not eradicated from tissues;
instead, they remain latent or dormant and do not
elicit an inflammatory response. Restoration of
pathogen-specific immunity causes either local or
generalized inflammatory changes. IRIS has been
reported with mycobacterial infections, cryptococcal disease, hepatitis B and C, cytomegalovirus
infections, varicella zoster, herpes simplex, and
pneumocystis infections.
Tuberculosis (TB) is the most common
opportunistic infection of HIV-infected individuals in sub-Saharan Africa. There are two
distinct forms of IRIS associated with TB. 150,151
Paradoxical IRIS occurs in individuals who have
had a diagnosis confirmed and who are receiving (or have completed) anti-TB treatment. In
this form, shortly after commencing ART, there
is a paradoxical worsening or recurrence of TB
symptoms, signs, or radiological features. The
other form of IRIS, called “unmasking IRIS,”
occurs when an unrecognized TB infection is
revealed after the patient is initiated on ART.
In this instance, TB is occult and unrecognized
because of profound immunodeficiency. Once
ART is commenced, the immune restoration
leads to the unmasking of TB.
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In this third decade of the AIDS pandemic, the
goal of developing an effective preventive vaccine
remains elusive. Traditional viral vaccines allow
the respective virus to enter the body of vaccines,
and then the vaccine-generated immune processes
deal with the invading organism. In HIV infection,
however, the integration of HIV into the genome
of the target cells within the mucosa or adjacent lymphoid tissues allows a very limited window of opportunity for vaccine-induced immune
responses to be protective.
Efforts to develop a vaccine initially focused on
the HIV viral envelope, which is the target of neutralizing antibodies in HIV-infected people. It was
hoped that neutralizing antibodies would be generated that could bind to the envelope, neutralize
the virus, and clear the infection before it became
established. Yet when these vaccines were tested,
they failed to protect healthy subjects from HIV
infection.152 One reason for this was that the gp120
protein undergoes significant conformational
change on interacting with the CD4 receptor, thus
exposing hypervariable regions. In this scenario, it
is easy for escape mutants to be generated, resulting in a loss of protection.
With new insights into the pathogenesis of HIV,
attention was drawn to the effect of cellular mechanisms that control viral replication. Although there
is a considerable body of evidence regarding the role
of CD8 CTLs in controlling viremia, there has been
no observed effect on the latently infected CD4 reservoir, which escapes immune surveillance.
If the goal of a preventive vaccine remains
elusive, then the question of whether partial

protection offered by a vaccine could potentially
alter the course of HIV disease must be answered.
A lower viral set point is known to confer a survival advantage. In addition, it is possible that preexisting immune responses may provide protection from the devastating GALT CD4 cell loss that
occurs during acute primary infection. In addition
to the benefit to the individual, there may also be
a public-health benefit from a partially protective
vaccine. For instance, the HIV epidemic is driven
by transmission of virus by individuals who are in
the early phases of disease progression, a period
associated with high viral loads. If a vaccine were
successful in reducing the viral loads of HIVinfected individuals during the early acute phase of
infection, this might, in turn, confer some protection to the general population.
A number of vaccine trials are currently underway that use priming immunization with a vector
approach to stimulate cellular immunity, followed
by booster immunizations to promote antibody production. However, a recent setback occurred when
the HIV Vaccine Trials Network studies HVTN 502
and 503 (Phambili study, South Africa), based on
the Merck candidate vaccine MRKAd5 HIV-1 gag/
pol/nef construct, had to be prematurely discontinued. The vector used was an attenuated adenovirus,
which is normally responsible for the common cold.
The randomized, double-blind, placebo-controlled
Phase IIb study was halted prematurely because the
Data Safety and Monitoring Board, upon reviewing
the preliminary data, found that the HIV infection
rates were similar in both the test and the placebo
groups. The viral load estimations in both groups
were also found to be similar.153
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T

he majority of children living
with HIV-1 (hereafter abbreviated as HIV)
acquired the infection perinatally via
mother-to-child transmission. Because the host
in this scenario has an immature and developing
immune system,1 the virological and immunological
characteristics of HIV infection in infants and young
children differ significantly from those in older children and adults. Persistence of HIV viremia occurs at
high levels during the first years of life and, in many
infants and children, rapidly causes a profound failure of the young child’s immune system.
Before the introduction of combination antiretroviral therapy (ART), roughly 20% of HIVpositive infants living in Europe suffered a serious
CD4 T-cell loss and clinical deterioration within
the first year of life, resulting in severe HIV-related
manifestations; nearly 30% of infected children
died before the age of five years.2 A recent analysis
of the clinical course in more than 3,000 untreated
HIV-positive infants from different countries in
sub-Saharan Africa showed an even worse prognosis, with a mortality rate greater than 50% by two
years of age. Infants with early perinatal infection
acquired before the age of four weeks appeared to
have a particularly great increase in mortality risk.3

This finding was confirmed by other researchers, who reported that 85% of intrauterine- and
intrapartum-infected infants showed a rapid
decline in CD4 T cells and met the criteria for
initiating ART within six months after birth.4 In
contrast, some perinatally HIV-positive children
live for more than 10 years without serious clinical manifestations. The mechanisms behind these
differential disease patterns have not yet been elucidated, but both virological and immunological
characteristics appear to be relevant.5,6
This chapter provides an overview of the current knowledge on the constitution of the immune
system and host responses toward HIV and common microorganisms in HIV-positive children
before and after starting ART.

CD4 and CD8 T Cells in Healthy
Infants and Children
Physiologically, newborns have much higher absolute numbers and percentages of CD4 T lymphocytes than do older children and adults. A gradual
decrease in CD4 T cells is observed during the first
six years of life.7 Infants up to three months of age
have a median CD4 T-cell percentage of 52%, and
this decreases to a median of 37% by age 6 to 12
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years.7 It has been demonstrated that absolute CD4
T-cell numbers vary more with age than do CD4
percentages. CD8 T lymphocytes also change markedly during the first years of life. An increase from a
median of 16% at age three to six months to a median of 26% at age 12 to 18 years has been reported.7,8
During infancy, fresh naive T cells are continuously released from the thymus, and since children
constantly encounter new antigens in their first
years of life, the compartment of previously activated CD4 and CD8 T cells and memory T cells
increases progressively.7 T-cell receptor excision
circles (TRECs) can provide insight into the replicative history of T cells. TRECs are stable circular
DNA fragments that are formed as by-products
during T-cell receptor gene rearrangements in the
thymus. They are not replicated upon further division of cells but pass to one of the two daughter
cells. Thus, the TREC content of T lymphocytes
has been used as a marker of T-cell proliferation.9
Several studies have found that the TREC content
per lymphocyte decreases with age.10,11
Various reports indicate that race-related differences and environmental factors may influence
the levels of these immunologic parameters. Total
lymphocyte numbers and CD4 and CD8 subset
values were generally found to be lower in healthy
black children than in healthy white children.12-15
And in comparison with black children living in
Europe, black children living in Uganda had lower
CD4 T-cell values, whereas no significant differences were found between their CD8 T-cell and
total lymphocyte values.8 Lower CD4 T-cell counts
and especially lower naive CD4 T-cell counts
also have been reported in healthy Ethiopians.16,17
However, in a group of Ethiopian infants and children it was documented that these differences were
not yet present at birth, but rather developed over
time. A recent study sheds light on this remarkable finding. It was demonstrated that the numbers of CD4 and CD8 T cells at birth in Ethiopian
56

neonates were similar to those in Dutch neonates.
Moreover, no differences at birth were found for
the TREC content of lymphocytes, or the number
of naive T cells. However, significant differences
developed between Ethiopian and Dutch children
already at a young age and persisted into adulthood. These age-dependent differences were associated with a higher baseline level of activated T
cells in the Ethiopian individuals. It was hypothesized that the higher level of immune activation
was caused by a higher antigenic exposure (e.g.,
to parasites) occurring in Ethiopians shortly after
birth and well into adulthood.18
The mounting evidence that CD4 T-cell values
differ between populations living in different environments complicates the use of this marker as
the main immunologic parameter for starting and
monitoring HIV treatment, emphasizing the need
for population-specific baseline values for this and
other childhood parameters.

Immune System during HIV
Infection in Infants
and Children
The hallmark of HIV infection, in both adults and
children, is depletion of CD4 T cells. The progressive loss of CD4 T cells, key coordinators of the
immune function, undermines both the humoral
and cellular arms of immunity. As in adults, various patterns of CD4 T-cell loss and clinical disease progression have been observed among children. It has been postulated that CD4 depletion
in the periphery is caused by persistent immune
activation during the HIV infection, which results
in continuous proliferation of T cells, thereby
exhausting the naive T-cell pool. It is well known
that CD4 depletion occurs more rapidly in infants
and children than in adults. This finding is remarkable in light of an active thymus present in infants
and young children that can produce naive T cells
and may therefore be expected to be well equipped
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Host Immune Response to HIV-1
and Other Pathogens
Antibody Responses: HIV-Specific
Antibodies
Following acute infection, neutralizing antibodies
against various HIV gene products are generated
in older children and adults. These antibodies have
been detected from day 28 on, but they are unable
to control the HIV infection.20-22 In fact, a poor correlation between neutralizing antibody response
and disease progression has been found.23,24 This
may be explained by the continuous emergence
of neutralizing escape mutants as a result of selective pressure by the potent neutralizing antibody
response.21,22
Moreover, neutralizing antibodies do not arise
prior to the fall in plasma viral load as occurs
in acute HIV infection. It was suggested that
envelope-binding antibodies, generated before the
appearance of neutralizing antibodies, may play a
role in reducing the viral load by effector functions
other than direct neutralization.25
IgG antibodies actively pass through the placenta during pregnancy, and vertically infected infants
have maternally derived, specific HIV antibodies.
Active production of functional antibodies, however, starts only after one year of age.26
A few studies in children have evaluated the
association between the presence of neutralizing
antibody levels and the clinical course. In some
studies, a better clinical condition was found in the
infants of mothers with higher levels of neutralizing antibodies.27,28 The same association was found
for antibodies mediating cellular cytotoxicity.27

Antibodies to Other Microbes and
Vaccination Antigens
As in adults, HIV infection in children is characterized by high levels of immunoglobulins (hyper IgG,
hypergammaglobulinemia). This phenomenon
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to compensate for the loss in naive T cells at the
periphery. However, studies on the dynamics of
naive and memory T cells in healthy and HIVpositive children demonstrated that healthy children had an age-related increase in the total body
numbers of naive and memory T cells, whereas
absolute numbers of TRECs remained stable.19
The proportion of dividing naive T cells was high,
especially in younger children, which indicated
that the expansion was the result of proliferation,
in addition to antigen-mediated naive T-cell activation leading to the formation of memory T cells.
On the basis of these results, it was concluded that
the expansion of the naive T-cell pool after birth
was more dependent on T-cell proliferation than
was previously recognized.19 In untreated children
infected with HIV, total body numbers of T cells
and TRECs were significantly reduced compared
to the levels in healthy children. In contrast, T-cell
division levels of both naive and memory T cells
were much higher than those in healthy children.
This indicated that, similar to HIV infection in
adults, continuous activation of naive T cells significantly contributes to the erosion and exhaustion of the naive T-cell pool and progressive loss
of CD4 T cells during HIV infection in children.19
These events take place during the growth
of the infant body, which, under normal conditions, is already in need of both a continuous
supply of new T cells from the thymus and an
active proliferating peripheral T-cell pool to meet
the requirements for control and defeat of commonly encountered microbes and other antigens.
Moreover, as will be discussed, immune control
by the effector cells of the immune system, which
is important for limiting HIV replication, is not
yet fully developed, and thus these cells are unable
to limit the constant and vigorous activation of
the CD4 T cells by HIV itself. Altogether, this
may explain the more rapid loss of CD4 T cells in
infants and young children.

probably results from a continuous antigen-driven
stimulation of naive B cells, leading to a state of
hyperactivation with the production of low-avidity
antibodies (i.e., antibodies that interact only weakly with their antigen).29,30 In contrast, B-cell function becomes defective and the ability to produce
specific antibodies is impaired.
The production of specific antibodies requires
a smooth interaction between various components of the immune system: antigen-presenting
cells, B lymphocytes, and T lymphocytes.
Dendritic cells, as all antigen-presenting cells,
initiate T- and B-cell activation by processing
antigens and presenting them on their surface for
recognition by specific CD4 T cells. The percentage of plasmacytoid dendritic cells was shown to
be decreased in children infected with HIV, and
the function of these cells, as measured by their
ability to produce interferon alpha, was also profoundly impaired.31
To be able to mount an adequate antibody
response to the majority of antigens, B cells require
the help of CD4 T cells. Cytokines produced by
CD4 T cells stimulate the B cells to differentiate
into immunoglobulin-producing B cells or memory B cells. Thus, CD4 T-cell depletion due to HIV
infection results in insufficient B-cell activation
and differentiation.32 This explains why pathogens against which antibodies play a crucial role in
defense can potentially cause serious infections in
HIV-positive children and adults.33
It has also been demonstrated that the response
of HIV-positive children against various vaccination antigens is decreased as compared to healthy
children. Moreover, during the course of the HIV
infection, the responsiveness toward various vaccination antigens wanes with time.34 This phenomenon has been demonstrated for diphtheria,
tetanus, measles, mumps, rubella, pneumococci,
and Hemophilus influenzae type B.35-42 In addition,
antibodies to naturally occurring pathogens, such
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as varicella zoster virus (VZV) and cytomegalovirus (CMV), also decrease.36 Loss of CD4 T helper cell function, as well as loss of memory B cells
by apoptosis, appears to be responsible for this
phenomenon.30,34

Current Immunization
Practices in HIV-positive
Children
Although the ability to mount antigen-specific
immune responses to vaccination antigens may
be suboptimal in HIV-positive children, and
especially in those with a more advanced stage
of immunodeficiency, these children may still
benefit from routine vaccinations.34 The World
Health Organization (WHO) advises routine vaccinations for HIV-positive children, with modifications for those with symptomatic HIV infection.
Asymptomatic children can be safely immunized
with diphtheria, tetanus, poliomyelitis, and hepatitis B vaccine, consisting of inactivated components, and also with measles, oral poliomyelitis,
and yellow fever vaccine, consisting of live attenuated viruses. For measles, the first vaccination is
usually administered at the age of 9–12 months,
but for HIV-positive children, an extra dose at the
age of 6 months is advised to provide protection at
a younger age.34,43
WHO advises the administration of BCG
(bacille Calmette-Guérin) vaccine at birth to all
infants in countries with high TB exposure rates,
but cautions that this vaccination should be withheld for infants suspected to be HIV-positive in
countries where there is a low risk of acquiring TB.
Symptomatic children should not receive yellow
fever vaccine.34,43
The U.S. Advisory Committee on Immunization
Practices (ACIP) recommends against the use of
BCG and yellow fever vaccine in all HIV-positive
children, whether asymptomatic or not, and also
recommends against administering the measles
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Role of the Innate Immune
System
Insight into the contribution of the innate immune
system in controlling HIV infection is only beginning to emerge. This part of the immune system is
the first to come into action after HIV transmission, and observations in adults indicate that the
innate immune system combats HIV at different
levels during the disease.45,46 In healthy newborns,
the innate immune mechanisms have been found
to be impaired. For example, the production of pro
inflammatory cytokines and the response of macrophages to interferon gamma (IFN-γ) were found
to be deficient.47
Studies evaluating the different components of
the innate immune system in HIV-positive children have been sparse. Conflicting data have been
reported on the association between mannose binding lectin (MBL), a circulating pattern-recognition
molecule, and disease progression. One study
found no relation between low MBL levels and disease stage, while another reported MBL deficiency
to be more frequent in a group of children with an
advanced stage of HIV disease.48,49
A study on natural killer (NK) cells observed
that the cytolytic function of neonatal NK cells
may depend on the characteristics of the target
cells. For example, decreased cytolytic NK cell
activity was found for target cells infected with
herpes simplex virus (HSV) or CMV, whereas
the direct killing capacity of neonatal NK cells for
HIV-infected cells was similar to that of adult NK
cells.50-52 However, antibody-dependent NK-cellmediated cytotoxicity of HIV-infected cells was
inferior.52 During HIV infection, decreased levels
of NK cells, in particular the subset of mature NK

cells, were measured in HIV-positive adults as
well as children.31,53
Plasmacytoid dendritic cells are also part of the
innate immune system. These cells belong to the
primary line of defense and are extremely important in initiating an immune response. As stated
previously, both the percentage and function of
these dendritic cells were decreased in children
infected with HIV.31 It is therefore likely that the
lack of proper innate immune mechanisms contributes to the inability to control HIV infection
after vertical transmission.

Adaptive Cellular Immune
Response: Cytotoxic T Cells
Antigen-specific cytotoxic T lymphocytes (CTLs)
play an important role in clearing acute viral infections and containing chronic viral replication in
humans. In healthy infants, the function of these
effector cells of the immune system may be deficient or deviant, which explains why some acute
viral infections run a severe clinical course while
other viral infections (such as hepatitis B and HIV)
tend to establish an ongoing chronic disease in
infants after perinatal transmission.54
In adults, HIV-specific CTLs usually emerge
during the first weeks of HIV infection and appear
to play a crucial role in limiting infection and disease progression by partial immune control.55 The
level of CD8 T-cell activation in early infection is
an independent predictor of the rate of CD4 T-cell
decline in adults.56 Several earlier studies have
reported on the function of cytotoxic CD8 T-cell
responses in children. Cytotoxic T-cell responses
were weaker or absent in almost all infants younger than six months of age, whereas CTL responses in older children were comparable to those in
adults.57-59 Evaluation of specific cytotoxic responses against HIV proteins in a group of vertically
infected children demonstrated that the majority
of asymptomatic children had detectable cytotoxic
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vaccine to children with CD4 T-cell levels less
than 15%. Moreover, ACIP recommends the use
of inactivated poliomyelitis vaccine rather than the
oral vaccine containing live virus.44

T-cell responses toward major HIV proteins (envelope and gag), but not toward the pol protein; CD8
T cells were the major effector cell population.
Cytotoxic T-cell responses toward these proteins
in symptomatic children were greatly reduced or
absent, indicating an association between the ability to mount CD8 T-cell responses and the clinical progression of HIV disease.60 Poor CD8 T-cell
responses toward HIV antigens in children were
also demonstrated by others, and were particularly
decreased in children less than three years of age
and in those with CD4 cell numbers below 400
cells/mm3.61
A recent study evaluated the CD8 T-cell
responses in the first week of life in perinatally infected infants and compared these to the
responses of chronically infected infants older
than two years of age.62 The researchers found that
the majority (70%) of intrauterine-infected infants
were able to induce CD8 T-cell responses, but the
character of the responses differed from those of
the chronically infected children. Whereas the
chronically infected children mainly induced specific CD8 T cells against the HIV proteins gag, pol,
and nef, the infants did not. In contrast, 30% of
the acutely infected infants responded to the HIV
envelope protein, whereas this response was seen
in only 4% of chronically infected children. The
researchers concluded that instead of a primary
inability to induce CD8 T-cell responses causing
the failure to contain HIV replication in infants,
it was rather a secondary failure of the neonatal
adaptive immune system.62
Other recent studies have focused on the competence of CD8 T cells to mature into functional effector cells and on their ability to partially
control HIV infection.63 One of the features of
matured CD8 lymphocytes is a change of surface
markers and expression of cytolytic effector molecules, such as perforin and granzyme B; these
maturational effector properties of CD8 T cells
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were less pronounced in HIV-positive adults and
children.64,65
The mechanisms behind these weaker and different cytotoxic T-cell responses against HIV in
infants have not yet been elucidated, but could
be due to partial HLA (human leukocyte antigen)
compatibility between mother and child. HIV
antigens are processed by infected cells, and fragments are presented on the surface of the cells by
HLA class I molecules for recognition by CTLs. It
has been shown that CTL escape can occur during HIV infection, leading to a decrease in CTL
responses against the HIV mutant variant either
because the HLA molecule cannot bind the antigen
of the HIV variant anymore, and thus it cannot be
presented, or because the HIV variant interferes
with CTL recognition.
As children’s HLA is at least 50% identical to
maternal HLA, and as the virus has been under
maternal CTL immune pressure, transmission of
an HIV CTL escape variant may hamper the development of proper immune responses. A study elegantly showing this was performed by Goulder et al
in which mother-to-child transmission was studied
in the setting of HLA-B27 expression.66 HLA-B27
expression is associated with prolonged immune
containment of HIV infection in adults, whereas
a mutation in a dominant and highly conserved
B27-restricted epitope of HIV resulted in a loss of
HLA presentation, in failure to present the epitope
to CTL, and in disease progression. The researchers showed that in mothers expressing HLA-B27
who transmitted HIV to their infants, viruses
encoding for CTL escape variants in this dominant HLA-B27-restricted epitope were specifically
transmitted. Instead of being able to recognize the
normally susceptible wild-type epitope, CTLs of
these infants targeted an otherwise subdominant
HLA-B27-restricted epitope but subsequently
failed to contain HIV replication.66 This mechanism may explain why HIV causes the persistent
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Classification of
Immunodeficiency in
HIV-positive Children
The failing immune system in HIV-positive children allows microorganisms to flourish and cause
disease. This results in aggravation of the common
diseases of childhood, such as respiratory tract
infections, and in opportunistic infections.
To define the stage of HIV infection and the
need for ART, an age-related classification staging system and age-related therapy guidelines
have been developed by WHO and by the Centers
for Disease Control and Prevention (CDC).68,69
Both guidelines use CD4 T-cell percentages as

a marker for the severity of immunodeficiency. The WHO classification system is the most
widely used system in resource-limited settings
(Table 1).68 It is important to note that a child’s
CD4 T-cell values may vary in association with
intercurrent illnesses. Serial CD4 T-cell measurements provide a more realistic view of the child’s
immune status, and CD4 T-cell values should be
determined at least twice before a decision to initiate ART is taken.68
Threshold CD4 T-cell values for severe immunodeficiency are based on longitudinal data of
HIV-positive infants and children in resource-rich
settings. For children older than one year of age,
these values correspond to a 12-month mortality risk of 5% or less.70 Younger infants, and especially those under the age of six months, have an
increased mortality risk, even with higher CD4
T-cell percentages.
As discussed before, baseline immunologic
parameters differ between populations. Whether
the chosen threshold values are also appropriate for
HIV-positive children in resource-limited settings
is not yet clear, and this needs to be evaluated.68
The WHO immunologic classification system also provides age-related total lymphocyte

Table 1. CD4 T-Cell Levels in Relation to the Severity of Immunosuppression
Level of
Immunosuppression

Age
≤11 months

12–35 months

36–59 months

≥5 years

Not significant
immunosuppression

>35%

>30%

>25%

>500 cells/mm3

Mild
immunosuppression

30%–35%

25%–30%

20%–25%

350–499
cells/mm3

Advanced
immunosuppression

25%–29%

20%–24%

15%–19%

200–349
cells/mm3

Severe
immunosuppression

<25%
(<1,500 cells/mm3)

<20%
(<750 cells/mm3)

<15%
(<350 cells/mm3)

<200 cells/mm3
or <15%

Source: WHO.68
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high levels of viremia and rapid disease progression seen in a significant proportion of infants.4
In addition to preferential transmission of already
escaped viruses, it was shown that additional viral
escape mutants may also arise within the infants
early after perinatal infection for HLA alleles that
are not present in the mother. Mutations of an
HLA-B57-restricted epitope were shown to arise
in HLA-B57-positive infants, born to HLA-B57negative mothers, further contributing to lack of
viral control.67

Table 2. Total Lymphocyte Values Indicating Severe Immunosuppression
Age

Total lymphocyte count

≤11 months

12–35 months

36–59 months

5–8 years*

<4,000 cells/mm3

<3,000 cells/mm3

<2,500 cells/mm3

<2,000 cells/mm3

*Data in children older than 8 years of age are limited.
Source: WHO.68

values, indicative for immunodeficiency (Table
2).68 Several studies have indicated that the total
lymphocyte count is a powerful predictor of the
risk of disease progression. As such, it is a valuable
marker that may be used to determine eligibility
for ART in resource-limited settings where CD4
determination is not yet available.71,72

Responses of the Immune
System in Children living with
HIV and on ART
Recovery of CD4 T Cells
Most children respond well to ART, and even children with advanced immunodeficiency generally show a rapid recovery of CD4 T cells and an
improvement in their clinical condition, growth,
and development.73-77 However, a recent study from
Zambia of nearly 5,000 HIV-positive children, of
whom almost 60% received ART, also indicated
that an earlier initiation of ART than currently is
recommended by WHO may be needed (especially in infants younger than 18 months) to prevent
mortality in the first three months after the initiation of ART.77
Studies have found that total CD4 T-cell numbers and naive CD4 T cells increase more, and
take place more rapidly, in younger children than
in older children and adults. This phenomenon
is attributed to the fact that younger children still
have a functional thymus, whereas thymic output
decreases after early childhood.78-80 However, it has
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also been shown that the relative gain of naive and
total T-cell numbers is independent of age when
numbers are normalized for age-matched controls.79,81 It is important to note that even children
who start ART with a low baseline CD4 T-cell
count generally recover to levels similar to those of
age-matched controls, and often do so within the
first year of therapy.82
Whether full recovery of CD4 T-cell counts
could be achieved in all age groups has been
debated for a long time. Recent data demonstrated
that recovery of the total number of CD4 T cells
is indeed possible in HIV-positive children and
adults on long-term ART with sustained viral suppression.82 However, a difference was seen between
adults and children with regard to naive CD4 T
cells. While all the children had normalized numbers of naive CD4 T cells, this was not the case
for adults who had started ART with low baseline
CD4 T-cell counts.82 This finding indicated that
recovery of the T-cell compartment may nevertheless be expected in children who have a more
advanced level of CD4 T-cell depletion. Although
this could be used as an argument to postpone
ART to prevent adverse events associated with
long-term use of antiretrovirals, it is obvious that
decreasing CD4 T-cell levels are associated with an
increasing risk of (opportunistic) infections. Thus,
in order to prevent serious morbidity and mortality, early diagnosis of HIV infection is important,
and ART should be initiated before serious immunosuppression occurs.
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In contrast to the excellent recovery of T-cell numbers in children, several studies indicate that the
reconstitution of functional immunity may still
be impaired. While being treated with ART, HIVpositive children still showed an increased loss of
protective antibodies against vaccination antigens
and, to a lesser extent, of antibodies against natural
antigens. In 40% of children, declining antibodies against measles, mumps, and rubella (MMR)
antigens were observed, while 21% of children lost
antibodies against VZV and 7% against CMV.36 This
is in contrast to findings in longitudinal studies of
vaccinated healthy children, in whom antibodies
against MMR could be detected in 86%–100% of
children after 9–15 years of follow-up.83-85
Moreover, after stimulating the immune system
with booster vaccinations, an adequate immune
response was observed in only a portion (60%–
85%) of the HIV-positive children. This is in agreement with other studies, in which HIV-positive
patients who received tetanus toxoid booster vaccinations showed a moderate antibody response
and subsequent waning of antibody titers in the
following years.86,87
Different response patterns have been observed
in children on ART who were vaccinated with
pneumococcal vaccines as well. The best responses
were observed in children with a higher CD4 percentage and maximally suppressed HIV virus.40,88,89
A study on varicella vaccine in children on ART
showed a response rate of around 60% after a twodose regimen, which is significantly decreased as
compared to healthy, HIV-negative children, who
demonstrated up to 100% conversion rates after
a single dose of the VZV vaccine.90,91 Whether
the antibody levels will persist in these children
remains to be seen. Moreover, antibodies did not
rise significantly in VZV-positive HIV-positive
children on ART who experienced a wild-type
VZV reinfection.90

When HIV-positive children were vaccinated
with hepatitis A vaccine, around half the children
had low antibody levels after the regular two-dose
vaccination regimen. The best responses were
observed in the group of children with CD4 T cells
greater than 20%. Improved antibody levels could
be generated with a third vaccination.92
Altogether, these studies show that even after
CD4 recovery on ART, the quality of the immune
response may still be compromised. The immune
system may therefore need a more powerful boost
to mount an adequate response to antigens and, in
the case of vaccine-preventable diseases, follow-up
may be indicated to monitor whether antibody levels remain adequate.

Recovery of Specific Cellular Immunity
HIV-Specific Cellular Immunity
Several studies have evaluated specific CD4 and
CD8 cellular immunity against HIV in children on
ART. It was observed that cytokine-secreting patterns of HIV-specific CD4 T cells of chronically
infected children with a continued and maximal
suppressed viral load differed from those of children
who experienced viral blips or had viremia despite
ART.93 CD4 HIV-specific T cells of children with
optimal suppression secreted mainly interleukine-2
(IL-2) in response to stimulation with the HIV gag
protein, whereas HIV-specific CD4 T cells of the
other children secreted predominantly IFN-γ or a
mixture of IL-2 plus IFN-γ. Overall, the frequency
of HIV-specific CD4 T cells in children was significantly higher compared with that of chronically
infected adults. This observation, in addition to the
high proportion of IL-2-secreting HIV-specific CD4
T cells in successfully treated children, indicated a
greater capacity of children to restore functionally
active CD4 helper T cells than adults.93
The magnitude and breadth of HIV-specific
CD8 T-cell responses were found to be significantly lower in infants who had started ART before
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the age of one year as compared to children who
had started after two years.94 However, total CD8
T-cell responses in the younger age group were
comparable to those of age-matched controls that
were not treated with ART. This indicated that
the lower responses were due to younger age.94 A
broad diversity of CD8 T-cell responses targeted
at various HIV antigens was observed in a group
of children between 6 and 17 years of age on ART.
The magnitude and breadth of these responses
were comparable to those found in adults.95
Specific Cellular Response to Other Antigens
Specific cell-mediated immunity to pathogens other
than HIV may not recover completely after the initiation of ART, or only after reexposure to the antigen. For example, the cellular immune responses
to VZV did not improve during the course of more
than three years of monitoring in children on ART,
despite effectively reduced viral load and restoration of CD4 T cells. Among the children who had
responded well to ART, adequate in vitro cellular
responses against VZV were documented only
after they had developed herpes zoster. In contrast,
the children who had not responded well to ART
did not show a good immune response, even after
developing herpes zoster. From these findings it
was concluded that reconstitution of cellular immunity to VZV requires not only adequate control of
HIV replication, but also antigenic reexposure.96
A recent vaccination study showed that the serological response after VZV vaccination was significantly less in clinically stable HIV-positive children
on ART as compared to their HIV-negative siblings. Moreover, a relatively high number of VZV
reinfections occurred in these children and VZV
antibody titers did not rise significantly after the
natural infection.97
When evaluating the cellular immune responses to CMV it was expected that endogenous boosting by frequent CMV reactivation would promote
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the recovery of CMV-specific cellular responses.98
However, this was not observed in the study group
of 35 CMV seropositive HIV-positive children on
ART during three years of observation.98 Another
study reported that CD4 and CD8 T cells were
more activated in CMV seropositive HIV-positive
children than in CMV-negative children. This difference in activation state disappeared once the
children began ART. However, when compared
to nonsecretors, children with prolonged CMV
secretion in urine showed higher levels of CMVspecific IgG and more activated CMV-specific
CD8 effector T cells, while CMV-specific IFN‑γproducing CD8 T-cell numbers were reduced.
This may indicate an impairment in the ability to
differentiate into functionally active effector cells
and may explain the inability to completely suppress CMV.99
Evaluation of antimycobacterial immune
responses in children who had been previously vaccinated with BCG, and who had begun ART while
having advanced disease, showed that initiation of
ART was followed by a rapid and sustained recovery of specific responses against mycobacteria.100
Studies on the reconstitution of NK and dendritic cells during ART in children demonstrated
that while most NK subsets recovered on viral suppression, the level of the major subset of mature
NK cells remained depressed.53
Plasmacytoid dendritic cell percentages in children recovered fully, in contrast to those in adults.
However, other studies indicated that plasmacytoid cell numbers did not fully recover in children,
despite full viral suppression.101 The functional
capacity of plasmacytoid dendritic cells, as measured by their ability to produce interferon alpha,
remained impaired in HIV-positive children on
ART, irrespective of viral suppression.53,101 This
may be one of the mechanisms explaining why a
diminished response to antigens still occurs after
immune reconstitution during ART.101
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HIV infection affects essential components of the
immune system and results in severe immunosuppression. In the majority of infants and young children, the ability to control HIV infection to some
extent is clearly reduced when compared to adults
and, as a result, HIV runs a rapid and devastating course in a significant proportion of untreated
HIV-positive children. Similar to the process in
adults, chronic activation of CD4 T cells appears
to be a main factor contributing to the exhaustion
and depletion of the CD4 T-cell pool.
The mechanisms behind the failure of the
immune system to limit the HIV infection are only
beginning to emerge. Immunologic responses have
either been weaker or different from those observed
in adults. On one hand, this may be explained
by the immaturity of the immune system; on the
other hand, recent findings indicate that HIV variants that already escaped cytotoxic actions of the
genetically identical maternal immune system may
be responsible for this phenomenon.
With progression of HIV infection, children
develop deficiencies of both the humoral and cellular
pillars of the immune system. Due to a continuous
polyclonal activation of B cells, hypergammaglobulinemia develops, but specific antibody production

deteriorates, as is reflected by a decreased capacity
to respond to vaccination antigens and by a loss of
protective antibody levels.
When interpreting CD4 values, physicians caring for HIV-positive children should keep in mind
that basic CD4 T-cell numbers are physiologically
higher in infants and change during childhood.
Moreover, environmental factors such as a higher
burden of parasitic infections appear to influence
baseline levels of immunologic markers. This area
requires further evaluation since the need for ART
is determined on the basis of clinical symptoms
and CD4 T-cell level.
Fortunately, the majority of children show a
rapid clinical recovery and reconstitution of the
CD4 T-cell pool in response to ART. However,
it appears that even in children with a favorable
clinical and virological response to ART and normalized CD4 levels, a functional impairment of the
immune system is still present. Finally, because of
the differences found between the immunologic
responses in infants and adults, the exact mechanisms of the interaction between HIV and the
infant’s immune system need to be unraveled to
determine the value of novel immunotherapeutic
strategies for improved control of HIV infection
in children.
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a

T

he use of antiretroviral therapy
(ART) in developed countries has successfully reduced AIDS-related mortality by
90% and has significantly reduced opportunistic
infections and other consequences of HIV disease.1,2 In developing countries, combination ART
has transformed the AIDS epidemic, with significant decreases in mortality, hospitalizations, and
incidence of opportunistic infections.3 Yet in subSaharan Africa, which accounts for more than 70%
of the global burden of HIV/AIDS, only about 25%
of the six million people who require ART have
access to treatment.4 This is despite continued calls
to get more people on treatment, including initiatives such as the “3 by 5” campaign of the World
Health Organization (WHO) and Joint United
Nations Program on HIV/AIDS (UNAIDS), and
the Group of Eight (G8) pledge to provide “universal access to ART.”
In order to ensure universal access to ART and
ART-related services, particularly in resource-limited settings, WHO and UNAIDS have advocated
and promoted a public-health approach to combating HIV/AIDS.5 The public-health approach
operates at both the national and community

level, and includes the simplification and standardization of protocols and decentralization of
comprehensive HIV services, while taking into
account the realities of weak health-care systems
and the experiences of pioneering ART programs.
The key components of this approach include (1)
standardization and simplification of regimens to
ensure efficient and durable suppression of HIV,
(2) ensuring equitable and standardized treatment
that is accessible to all in need of ART, and (3) use
of cost-effective combinations of antiretrovirals
(ARVs) in the form of generics. This shift from
an individual to a population-based approach is
facilitating rapid access to ART and related services for millions of people. Other benefits of the
public-health approach include the streamlining
of education, training, and administration related
to the provision of ART. Simplification and standardization of ARV drug combinations means that
with adequate training, nurses and clinical officers
(COs) can deliver ART in countries where there is a
shortage of doctors. In addition, prospects for drug
tolerability and adherence to ART are enhanced,
as health-care workers need only be familiar with a
few types of drugs.
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Basic Principles and
Objectives of ART
The treatment and care of people living with HIV
requires the comprehensive integration of patientcentered medical and social services. These services include provision of clinical care, nursing care,
nutritional care and support, psychological support, health information and counseling, legal protection, and economic assistance. Comprehensive
clinical care for people living with HIV, one vital
component of this group of services, includes early
diagnosis, access to care, ART, palliative care, prophylaxis against opportunistic infections, treatment of opportunistic infections and malignancies,
and end-of-life care. The provision of this wide
spectrum of services requires multisectoral and
multidisciplinary teams that are cross-linked in a
continuum-of-care model, so that patients, their
families, health-care providers, governmental and
nongovernmental organizations, and the community are closely involved with and knowledgeable
about all aspects of care.
Prevention of new infections should be integrated into HIV/AIDS treatment and care programs as
well, as HIV remains an incurable infection despite
advances in ARV treatment. Toward this end,
“social immunization” (for example, through community mobilization, widespread education, counseling and testing, sexual abstinence until marriage, being faithful, use of condoms, and female
empowerment) must be strengthened, as we await
the development of effective vaginal microbicides,
HIV vaccines, and other prevention strategies currently under investigation. On one hand, even if
HIV transmission in resource-limited countries
were to totally cease, the existing burden of HIV/
AIDS would continue to task all stakeholders into
the foreseeable future. On the other hand, a lack
of adequate preventive measures would mean longer queues of people waiting to access ART, which
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would compound the present challenges in achieving universal access.
The main goals of ART remain to (1) clinically
prevent disease progression, (2) improve the restoration of the body’s immunity, (3) control viral
replication through durable suppression, and (4)
possibly reduce individual infectivity. However,
this must be done in the context of an optimal
quality of life by ensuring that drugs are available, tolerable, and easy to administer; have little
long-term toxicity; and involve no food or refrigeration restrictions. Despite their immense benefit
to people living with HIV, ARVs are not without risks, including drug toxicity and viral resistance. Experience with combination ART in the
last decade has taught providers the central role
of informed patient participation, the need for
meticulous medication adherence, the complexity
of drug interactions, and the importance of regular
monitoring.6

Assessing Patient Readiness
Guidelines for ART determine when patients are
eligible to begin treatment. In order for treatment
to be successful, patients must also be ready to
take medications every day for the rest of their
lives. In most cases, this requires adequate preparation and a significant amount of patient support
before ART is initiated. There is no substitute for
patient participation in the ART decision-making
process, and patient education and adherence
programs should be part of any HIV/AIDS care
initiative. Patients need to be asked whether they
are ready to start a lifetime of therapy and should
only commence taking drugs when they are fully
committed to this responsibility. Some patients
may not be ready right away. In such cases, individuals can be scheduled for follow-up visits with
adequate pretreatment counseling until they are
ready to begin treatment.
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Steps to Initiate ART

Providers in resource-limited settings have important roles to play in delaying the occurrence of HIV
resistance. This can be achieved through good
patient adherence and responsible, well-informed
prescribing practices. Recommended strategies to
achieve these goals include the following:
• Never commence patients on ART in the
absence of adequate adherence counseling
and support. The use of family and community members (spouses, buddies, etc.) has been
found to be invaluable as a form of treatment
support.7 Similarly, ensuring that disclosure to
family members has been observed will enhance
adherence and positive living.8
• Work with patients to minimize barriers to
medication adherence.
• Use fixed-dose combinations or co-blister
packs.
• Pay special attention to other medications and
treatments and their potential interactions with
ARVs (particularly anti-TB drugs) and other
drugs taken for concomitant illnesses, including
traditional medicines.
• Never prescribe monotherapy or dual therapy
for treatment of chronic HIV infection.
• Never add or change a single drug in a failing regimen, as this would result in functional
monotherapy or dual therapy.
• If there is a reason to stop treatment, such as
serious side effects or lack of adherence, it is
recommended that the non-nucleoside reverse
transcriptase inhibitors (NNRTIs) be stopped
first (because of their long plasma half-life) and
the nucleoside reverse transcriptase inhibitors
(NRTIs) only after several days, to minimize
NNRTI resistance.

The following steps should be taken in initiating
ART:
1. HIV pretest counseling
2. HIV testing using the WHO-recommended
algorithm (with Enzyme-Linked Immuno
Sorbent Assay [ELISA] or rapid tests) or
national guidelines (where available) and posttest counseling
3. Medical consultation:
• Medical history, which should include previous history of ART exposure, any concomitant treatment for other conditions, and substance/drug abuse
• Clinical examination, including clinical
WHO staging and weight measurement
• Screening for TB (pulmonary and extra
pulmonary)
• Biochemical and hematology tests, including
complete blood counts, urea and creatinine,
electrolytes, liver function tests, and serum
lipids including triglycerides
• Tests for other opportunistic infections/
diseases, including hepatitis B virus (HBV),
hepatitis C virus (HCV), sexually transmitted infections (STIs), and malaria
• CD4 lymphocyte count and viral load (where
available)
• Pap smear (for women)
• Pregnancy test (for women of childbearing
age)
4. Patient follow-up:
• Review of test results
• Staging of disease and determination of eligibility for ART, including psychosocial
considerations of active alcohol/substance
abuse, depression, and disclosure
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• Counseling and review of treatment
options—treatment literacy counseling should be routine for all HIV-positive
patients, and those requiring ART should
receive treatment literacy and drug adherence counseling
• Cotrimoxazole prophylaxis for patients with
CD4 counts less than 350 cells/mm3, as this
protects them from diarrhea, respiratory
infections, and malaria
• A socioeconomic assessment of the patient
to determine adequacy of food supply and
other potential barriers to adherence
5. Patient monitoring:
• Choosing the optimal ARV drug regimen
and explaining it in detail to the patient
• Providing ART and organizing drug counseling for maximum adherence
• Providing ongoing counseling, including
advice on safer sex and family planning
• Monitoring ART in the following areas:
– Clinically—watching for weight changes, frequency/severity of opportunistic
infections
– Biologically—CD4 cell count, viral load,
and resistance
– Adherence
– Adverse events
A physician or CO should be responsible for
conducting the initial clinical history and physical examination in a secondary or tertiary health
facility. This step is important, as this initial evaluation also assesses the patient for opportunistic
infections, such as TB, and comorbidities that have
been observed to lead to significant mortality at
the onset of treatment9 or that can cause toxicities to ARV drugs.10 The physician or CO should
assess the WHO staging of each patient and design
a care and treatment plan for the patient during
this initial assessment. It is the responsibility of the
physician or CO to request any required lab tests
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and prescribe necessary medications for patients.
In addition, the physician or CO will monitor the
patient on an ongoing basis using clinical criteria
and CD4 counts in addition to viral loads, where
available. For patients already receiving ARVs,
any side effects will be monitored and patients will
be assessed for treatment failure based on clinical
signs, CD4 counts, and viral loads.
The initial evaluation should also educate the
patient about the need for a treatment partner
or “buddy” to enhance adherence to ART. This
is best done by an adherence nurse or adherence
counselor, who will counsel patients on adherence
for routine care and ARV treatment, and encourage personal risk reduction. Many ART clinics in
resource-limited settings employ people living with
HIV as adherence nurses/counselors, which can be
a more effective way of getting patients to adhere
to their drugs. Oftentimes it is easier for patients
to trust the advice of those who are in a similar
situation to their own, rather than the advice of a
clinician. Support group members can be trained
as peer educators/counselors for adherence counseling of their peers in the clinic and within the
community. In addition, the adherence nurse/
counselor will assess the need for nutritional support in those clinics where a qualified nutritionist
is unavailable.
Most ART scale-up models in resource-limited
settings have adopted a network model, which consists of clusters of primary health clinics (PHCs)
feeding secondary health centers. In this model,
secondary centers in a region or zone of the country develop referral linkages to a tertiary or referral center. This allows for vertical and horizontal
referral of patients, with monitoring and mentoring cascading down from the referral center and
district centers to the PHCs. In countries with reasonable human resources, ART is delivered at the
tertiary and secondary (district) health facilities,
with PHCs delivering ART-related services such as
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same token, PHCs can receive and manage stable
down-referred patients already receiving ART.
To guarantee quality care, such schemes require
intense capacity building of various cadres of staff
and the development of referral tools, protocols,
and guidelines. Integration of ART services with
other PHC-based services, such as malaria treatment, facilitates patient identification through
HCT. This allows for eligible adults and pregnant
women to be speedily referred to the ART initiation
center (i.e., a center where HIV-positive individuals are initially assessed and commenced on ART).
HIV-exposed children less than 18 months of age
are polymerase chain reaction (PCR) tested and
positive cases referred early for treatment, while
older children can be diagnosed using rapid tests
and ELISA. The offering of comprehensive services, such as HCT, PMTCT, and ART, promotes a
family-centered approach. Expanding HCT at the
PHC level also provides expanded access to counseling for HIV-negative clients, to ensure that they
protect themselves from infection.

When to Start ART
A patient should meet the following clinical and
social criteria in order for ART to be initiated5:
1a. Clinical criteria where CD4 testing is available:
• WHO clinical stage IV disease irrespective of
CD4 cell counts
• WHO stage III disease + CD4 cell count
< 350 cells/mm3
• WHO stage I or II disease + CD4 cell count
< 200 cells/mm3
1b. Clinical criteria where CD4 testing is not
available:
• WHO stage II if total lymphocyte count is
≤1,200 cells/mm3
• WHO stage III irrespective of total lymphocyte count
• WHO stage IV irrespective of total lymphocyte count
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voluntary counseling and testing (VCT), prevention of mother-to-child transmission (PMTCT),
STI treatment and prevention, and directly
observed therapy short course (DOTS) for TB.
In addition, PHCs can deliver food supplements,
cotrimoxazole prophylaxis, and basic care kits
(e.g., clean water, water guard, and bed nets).
Because of the chronic shortages of health staff
in sub-Saharan Africa and elsewhere, nurses in
many countries are being called upon to deliver
comprehensive ART, including the dispensing
of ARVs at district and community health facilities. Offering ART at the community level reduces
transportation time and costs, as well as patient
loss to follow-up. In countries employing such a
model, there has been a gradual transition from
a doctor-driven to a nurse-driven ART program.
This shift has enhanced treatment equity by making ART available to a wider population, including
those in rural areas.11 However, in order for such a
model to work, it is critical to develop guidelines
and standard operating procedures (SOPs) for the
various cadres of staff involved in the program,
including clinicians, nurses, pharmacists, laboratory staff, and data managers. Also critical are
tools for referrals of patients to and from PHCs
and district, regional, and/or tertiary care facilities,
in order to guide health-care providers in proper
patient management at the various levels of care.
In a decentralized model, community-level
facilities (PHCs) are responsible for identifying
HIV-positive patients through HIV counseling
and testing (HCT) at all entry points, including
VCT, PMTCT, TB, STI, Integrated Management
of Childhood Illnesses (IMCI), Expanded Program
on Immunization (EPI), and family planning.
Community-level facilities are also responsible for
preparing ART-eligible patients for up referral to
the secondary or tertiary centers for initiation of
ART. This will rapidly expand the pool of HIVpositive individuals who can access ART. By the

1c. Clinical criteria for adults coinfected with TB
and HIV:
• CD4 <200 cells/mm3—Start TB treatment.
Commence ART in two to eight weeks.
• CD4 200–350 cells/mm3—Start TB treatment. Commence ART after initiation phase
or earlier with severe immunodeficiency.
• CD4 >350 cells/mm3—Start TB treatment.
Defer ART.
• Extrapulmonary TB—ART should be started
as soon as anti-TB treatment is tolerated.
2. Social criteria:
• The patient should be willing to visit the
health facility regularly and be contacted
anytime at home or elsewhere.
• Although it is not mandatory, patients should
be encouraged to disclose their HIV-positive
status to a family member or a close friend
who will accompany the patient for adherence counseling sessions and support the
patient’s medication adherence after starting
ART.
• Living in the same locality as the clinic or not
too far away enhances adherence to clinic
follow-up visits and tracing by caregivers in
cases of default.
Before therapy is initiated, patient education
and preparation is essential to ensure that the
patient understands the way ART works, as well
as to assess his or her willingness to make a lifelong commitment to therapy. In adults, the decision of when to start ART and with what regimen
is complicated by other prevailing factors, such
as pregnancy, the presence of comorbidities (e.g.,
TB, hepatitis B or C), uninfected partners, anemia,
and the availability and cost of the drugs. A successful ART regimen must take these factors into
consideration.
The optimal time to initiate ART in adults
living with HIV has remained one of the most
controversial and hotly debated topics in HIV
78

medicine. Commencing ART prematurely may
lead to unnecessary side effects or early development of drug resistance, whereas starting late may
lead to reduced therapeutic benefits and high mortality. The lack of randomized trials demonstrating the optimal time to start therapy has forced
such decisions to be based on expert recommendations and consensus guidelines.12 Most guidelines in resource-limited settings have previously
recommended initiating therapy in patients with
WHO stage III or IV disease and others with CD4
cell counts of less than 200 cells/mm3. However,
many countries have reviewed their guidelines in
light of recent evidence and WHO recommendations for resource-limited settings13 that suggest
treatment be considered for individuals with CD4
cell counts between 200 and 350 cells/mm3. The
move toward earlier treatment initiation is related
to recent evidence showing that earlier initiation
is associated with quicker normalization of CD4
cell counts, with a longer-term benefit to patients.14
Recent cohort studies15,16 have demonstrated benefits associated with starting therapy at CD4 cell
counts between 250 and 350 cells/, and new WHO
guidelines favor moving the bar upward. In addition, newer drug formulations are more convenient and better tolerated, have fewer side effects,
and demonstrate better durability.

What to Start: Choosing the
Best Combination ART Regimen
The first component of the public-health
approach to HIV medicine has been the simplification and standardization of first- and secondline drug combinations. There are currently five
main classes of ARV agents available: the three
classes used widely in resource-limited settings,
NRTIs, NNRTIs, and protease inhibitors (PIs),
and the two newer classes, entry inhibitors and
integrase inhibitors. In adopting a public-health
approach, a triple-drug regimen is constructed
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First-Line Antiretroviral Combinations
In line with WHO recommendations for resourcelimited settings, most national treatment guidelines recommend the following drug combinations
for initiation of ART13:
d4T + 3TC + NVP
AZT + 3TC + NVP
d4T + 3TC + EFV
AZT + 3TC + EFV
Stavudine (d4T) is well tolerated in the short
term, but the drug has significant long-term
complications. The use of the drug has been virtually discontinued in developed countries due
to resulting lipodystrophy, neuropathy, lactic
acidosis (potentially fatal), and hepatic steatosis
(fatty degeneration). Use of stavudine in developing countries continues because of its significant
price advantage coupled with an initial lack of
alternatives. New WHO guidelines13 recommend
moving away from stavudine-based regimens or,
when this is not possible, encourage the use of the
30-milligram dosage, which has been found to be
less toxic. They recommend zidovudine (AZT)- or
tenofovir (TDF)-based combinations as an alternative, since such combinations are less toxic and will
preserve future options for second-line therapy. It
is important to note, however, that tenofovir may
be associated with renal toxicity and costs more
than other NRTIs.

Most ART programs in resource-limited settings use NNRTI-based regimens because they
have reliable pharmacokinetic properties, are effective at high viral loads / low CD4 counts (many
patients present at this stage in such settings), and
allow the sparing of PIs, which can be reserved for
second-line and salvage therapy. The NNRTI efavirenz (EFV) remains the “standard of care” based
on reports from several clinical trials.17,18 While
some experts have observed that nevirapine (NVP)
was comparable to EFV in the 2NN study, others
have interpreted the 2NN data as showing nevirapine’s inferiority.19 Regardless, this class of drugs has
a low genetic barrier to resistance and suffers from
extensive cross-resistance.20 In addition, mutations
archived from the use of single-dose nevirapine
(sdNVP) for PMTCT have been observed to negatively impact the effectiveness of subsequent ART
combinations containing nevirapine.21 However, a
recent study from South Africa assessing the efficacy of NNRTI-based regimens in women who
had previously received single-dose nevirapine for
PMTCT, in comparison to the efficacy in women
who had not received single-dose nevirapine,
found that if combination ART was initiated after
18 months of single-dose nevirapine, there was no
difference in early virologic response through 24
weeks.22
Nevirapine can cause serious hepatic toxicities and skin reactions in patients with high CD4
counts23 and others coinfected with HBV or HCV.24
The risk of potentially fatal nevirapine hepatotoxicity, which can occur in the first six weeks of therapy, appears greatest in women with a CD4 count
greater than 250 cells/mm3 and in men with a CD4
count greater than 400 cells/mm3.25 For this reason,
nevirapine is contraindicated in these individuals. EFV can lead to serious central nervous system (CNS) side effects in 5% to 10% of patients in
the first few weeks of treatment and is contraindicated in women of childbearing age in developing
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from a backbone of two NRTIs supported by one
NNRTI. PIs are generally reserved for secondline therapy, usually supported by the use of two
NRTIs. The main differences among various
ARV combinations are acute and long-term complications, pill burden, and monitoring requirements. Other differences include potency, drug
interactions (e.g., as with rifampin), refrigeration
requirements, pregnancy considerations, and
food requirements.

countries because of teratogenicity (i.e., potential
ability to cause birth defects).
Triple NRTI-based regimens are simple to use,
have a low pill burden, are well tolerated, and allow
the sparing of PIs and NNRTIs. However, these
regimens are less potent26 than other currently
used regimens. Zidovudine toxicity may also pose
a problem in many resource-limited settings, as
patients presenting for ART often have marginal
hemoglobin levels. However, there have been
promising preliminary results from the DAART
trial for the triple combination of tenofovir, zidovudine, and lamivudine (3TC).27

introduced onto the market. This combination is
available as one single pill taken daily. However,
two tenofovir-based combinations have recently shown high rates of virological failure. These
include abacavir + lamivudine + tenofovir30 and
didanosine + lamivudine + tenofovir.31 Tenofovir
is very active against HBV and therefore is highly
recommended in patients with coinfection of HIV
with HBV.32 However, tenofovir has been linked
with acute and chronic renal insufficiency, particu
larly in individuals with occult renal disease,33 and
bone demineralization.34

New First-Line Antiretroviral
Combinations

Recommendations for second-line therapy include
the following:

New ARV combinations include the following:
TDF + FTC + NVP
TDF + FTC + EFV
Tenofovir, a nucleotide reverse transcriptase
inhibitor (NtRTI), has proven very useful, particularly since it is effective and safe and may not
share similar resistance mutations with thymidine
analogues. Tenofovir, plus either lamivudine or
emtracitabine (FTC), has been shown to be well
tolerated and as effective as stavudine plus lamivudine.28 To date, it appears that long-term toxicities such as lipoatrophy and hypertriglyceridemia
are lessened with the use of tenofovir as compared
with stavudine-based treatment. By the same token,
tenofovir is an alternative option for patients, and,
as shown by Gallant et al,29 tenofovir-based regimens are now considered better than zidovudinebased regimens.
The coformulation of tenofovir plus emtricitabine (brand name Truvada) allows this combination to be taken as a once-daily regimen with efavirenz, requiring only two pills per day. Recently
another coformulation of three drugs (TDF + FTC
+ EFV) under the brand name Atripla has been
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Second-Line Therapy

Failed first-line AZT combination: switch to
TDF + 3TC or FTC + LPVr
Failed first-line TDF combination: switch to
AZT + 3TC + LPVr
Boosted PI regimens are the backbones for most
second-line and salvage regimens in the majority of resource-limited settings. Ritonavir-boosted
lopinavir (LPVr), in particular, has demonstrated
potency in multiple clinical trials.35 Findings from
several studies have noted a high genetic barrier to
resistance and efficacy in patients with high viral
load and low CD4 counts taking boosted lopinavir.36 Although lamivudine loses its direct virologic
potency in the presence of the M184V mutation, it
may be retained in the regimen (as a third NRTI)
because it allows for the persistence of M184V
mutants that replicate poorly due to reduced viral
fitness.37 The use of lamivudine or emtricitabine
also remains helpful, as it may lead to hypersusceptibility to certain other NRTIs, such as tenofovir.38 Similarly, even when there is evidence of
thymidine-analog mutations (TAMs), the addition
of zidovudine to a tenofovir-containing secondline drug combination may enhance the efficacy
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Third-Line or Salvage Therapy
Patients who fail second-line therapy will eventually
need salvage or third-line treatment, which is complicated and costly. With the availability of more
effective drugs, the goal of all therapy is to reduce
the viral load to less than 50 copies/mL. To achieve
durable virologic suppression, it is recommended
that a minimum of two new drugs be used, ideally
each from a new class of drugs. The development of
new agents is the best hope for patients with multiclass resistance. These include “second-generation”
agents in existing classes with unique profiles such
as tripranavir (TPV), darunavir (TMC-114), and
etravirine (TMC-125). Other agents come from
novel classes with novel mechanisms of action to
which there is no cross-resistance, such as raltegravir (MK-0518), an integrase inhibitor, and maraviroc, an entry inhibitor. It is important to note that
two boosted PIs act as one drug, or monotherapy,
and their use for salvage therapy should be discouraged. If no new drugs are available, it is recommended that the patient continue on current treatment until new drugs become available.

Monitoring Patients on ART
Prior to initiating therapy, the clinician and patient
must agree on a schedule for monitoring the progress and effects of therapy. Following patients on
ART is a lifelong activity. At a minimum, patients
who are stable should be evaluated at the clinic
every three months by the clinician and have a
laboratory assessment twice annually (see Table 1).
Monitoring should be more frequent at treatment
initiation, at the time of any treatment change, or in
the case of concurrent illnesses. Prior to selecting

the ARV treatment regimen, patients will need to
undergo a comprehensive clinical and laboratory
evaluation, as outlined above.
A major obstacle to the effective use of ART has
been a lack of agreement about how to monitor
patients receiving ART and how to detect treatment
failure. Plasma HIV-1 RNA (viral load) measurement
remains the gold standard for monitoring patients in
developed countries, but this test is considered too
expensive or logistically difficult in many settings.
Colebunders et al41 recently developed an algorithm
for monitoring patients receiving ART in resourcelimited settings that uses clinical and immunological
indicators, including adherence, to assess treatment
failure. A limited report from South Africa42 observed
that despite some improvement in sensitivity for
detecting virological failure compared with existing
WHO criteria, the low sensitivity and specificity of
the algorithm rendered it unusable as a substitute for
virological monitoring. However, as suggested by
Colebunders et al,41 less stringent models like this can
be used as a screening tool for patients at risk of treatment failure who would then be candidates for targeted viral load testing. Without access to viral load
testing, diagnosis of virological failure will be delayed.
Therefore, although the search for other surrogate
markers for treatment failure should be encouraged,
there is an urgent need for the development of simpler and more cost-effective viral load assays.
The standard of care in many African countries
has relied on the clinical assessment and clinical
monitoring of patients. In such settings, CD4 cell
counts and viral loads are often not measured,
resulting in patients with low CD4 counts (less
than 200 cells/mm3) not being considered for treatment because they may not have symptoms. This
can lead to viral resistance and subsequent severe
immune dysfunction being identified at a later
stage, thus compromising any potential benefits
from second-line ART. Some experts argue that
monitoring ART in any setting will require CD4
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of the regimen.39 A plausible explanation for this
has come from a recent study that observed that
K65R mutation inhibits the excision of nucleotides
from the growing DNA chain, thereby increasing
the efficacy of zidovudine.40

Table 1. Laboratory Tests for Patients on ART
Every 12–24
Weeks

Pretreatment

Week 2

Week 4

Week 8

Week 12

Physical Exam

X

X

X

X

X

Adherence Counseling

X

X

X

X

X

HIV RNA**

X

X

X

CD4

X

X

X

Full Blood Count

X

X

X

Chemistry

X

X

X

** Where available

cell enumeration and plasma viral load determination, as plasma viral load is correlated with disease
progression43 and is a critical parameter for assessing virologic failure. In tertiary and referral centers
that have the necessary infrastructure and trained
personnel to perform this assay, viral load determinations will provide the clinician and patient with
critical information on the patient’s virological status during ART and will indicate when virologic
failure has occurred. At points of care outside the
referral center, where this assay is not available
(such as at the district level), CD4 cell enumeration
and clinical monitoring can be substituted. Other
important monitoring tests that can be performed
at district facilities include a sputum smear for TB,
blood chemistry, serology for syphilis, HBV, HCV,
and the hemoglobin or packed cell volume.
Laboratory services must be tiered if they are
to function optimally during the scale-up to universal ART access. Regional or tertiary centers
should have the capacity to perform all routine
tests and be equipped to perform more sophisticated tests, including CD4 cell counts, viral load
assays, PCR infant diagnosis, and, in rare cases,
resistance genotyping. District-level laboratories should have the capacity to perform CD4 cell
counts, carry out blood chemistry tests and counts,
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and prepare samples that can be up referred to the
regional center for viral load assays and PCR infant
diagnosis. Community-level facilities should have
the capacity to perform rapid tests for HIV serology, blood counts to identify anemia, and simple
microscopy to diagnose TB and opportunistic
diseases. One key element of a tiered laboratory
program is the setting of national training standards for technicians/supervisors, test performers,
and community health-care workers. In addition,
the program should have quality assurance with
a national or state/district quality assurance package incorporating proficiency testing and observed
performance. The various laboratory assays should
be guided by SOPs.

Determining When Treatment
Has Succeeded or Failed
Successful ART implies that a patient has taken his
or her drugs and responded to treatment. Treatment
failure is defined as an inadequate response to
treatment for any of a variety of reasons. Clinical
failure indicates progression of clinical symptoms
or the emergence of new opportunistic infections,
conditions, or death while on ART. Virological failure indicates the loss of control of viral replication.
A successful response is associated with a rapid
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condition after six months is considered evidence
of disease progression and therefore indicates
treatment failure on a clinical basis.
In addition to the laboratory changes in HIV
markers described above, patients during the first
few months of therapy should feel better clinically
if they were symptomatic prior to therapy. Patients
typically describe an improved sense of well-being,
weight gain, and less fatigue. They may note a
decrease in oral or vaginal candidiasis, fewer herpes simplex outbreaks, improvement in skin and/
or hair texture, regression of condylomata, and
regression of Kaposi’s sarcoma. Serum cholesterol
levels may increase and triglyceride levels decrease,
corresponding to a return to pre-HIV infection
status. However, it should be noted that some
patients, especially those with severe immunosuppression at baseline, may develop immune reconstitution inflammatory syndrome (IRIS), where
some lesions, including herpes simplex virus,
condylomata, and even Kaposi’s sarcoma may get
worse with commencement of ART (see chapter
entitled “Immune Reconstitution Inflammatory
Syndrome” for more information).

Conclusion
Current evidence indicates that starting therapy at
CD4 cell counts of 200 cells/mm3 or below is too
late. We must increase this threshold in light of evidence that patients do better when started on ART
at a higher threshold now that we have new, more
effective, less toxic, and more convenient drugs at
our disposal. Combination ART should be commenced based on the degree of immunosuppression, using symptoms and CD4 cell counts as recommended by the WHO guidelines for scaling up
ART in resource-limited settings. Patients should
commence ART only when they have received
enough education to understand what HIV is, as
well as how the treatment works and what various treatment options exist. The importance of
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decline in plasma HIV RNA and a corresponding
increase in the CD4 cell count. Within 12 weeks
of starting therapy, approximately 80% of patients
will have HIV RNA of less than 400 copies/mL and
a CD4 count increased by approximately 50 cells/
mm3.2,44 The maximum effect of treatment should
be observed in the majority of patients by 24 weeks.
Over 95% should have plasma HIV RNA below 400
or 500 copies/mL and a CD4 count increased by 50
to 100 cells/mm3.2,45
There is greater variability in the change in
CD4 count as compared to HIV RNA, especially
early on in treatment. Of note, approximately 10%
of patients have a disconnect between response
in HIV RNA and CD4 cell counts, meaning that
HIV RNA declines, but the CD4 count increase
is blunted. Such patients should be allowed to
continue with their ARV combination. Factors
associated with such reduced CD4 cell response
include older age, a lower baseline CD4 cell count,
and a very low nadir CD4 cell count.46 TB, and to a
lesser extent malaria infection, has been associated
with decreased CD4 cell counts. These coinfected
patients require continued prophylaxis with cotrimoxazole for opportunistic infections if their CD4
cell count is below 350 cells/mm3.47 If the plasma
HIV RNA does not decrease steadily over the first
three months of treatment, or it rebounds to within 0.5 log10 copies/mL of pre-therapy values, then
the ART regimen is failing. By 24 weeks, if the HIV
RNA has not decreased to a level below detection
(less than 400 copies/mL), the patient should be
considered as having failed therapy (i.e., virologic
failure). Similarly, if (a) the CD4 cell count remains
below 100 cells/mm3 after six months of treatment,
(b) there is a return to or a fall below the pretreatment CD4 baseline after six months of treatment,
or (c) there is a 50% decline from the on-treatment
peak CD4 value, the patient should be considered
as having immunological failure. The development of a new or recurrent WHO stage III or IV

adherence should be stressed, and, as much as possible, the use of treatment support partners should
be encouraged to facilitate adherence to ART.
Patients should be motivated and deemed “ready
to start” ART before they commence treatment.
Additionally, ART must be provided as a comprehensive package, consisting not only of ARVs
but of regular counseling, psychological support,
prophylaxis for and treatment of opportunistic
infections, and nutritional support.
Most of the currently recommended ART regimens are effective. However, triple NRTIs are less
effective than some other regimens. Regimens
are differentiated by related complications, pill
burden, tolerability, toxicity, monitoring requirements, potency, drug interactions, refrigeration
requirements, suitability for use during pregnancy,
and possible effects on comorbid conditions. The
choice of regimens should be based on considerations of potency, tolerability, convenience, longterm toxicity, and drug resistance. Because of the
long-term complications of lipodsystrophy and
peripheral neuropathy, stavudine-based regimens
should be discouraged. Zidovudine- and tenofovirbased regimens are the preferred options, while
boosted PIs should be reserved for second-line
therapy. However, it remains to be seen whether
the survival outcomes associated with this strategy in resource-limited settings are comparable
to those associated with a combination of PIs and
NRTIs. The goal of treatment for both first- and
second-line treatment is the achievement of an
undetectable viral load, a progressive rise in the
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CD4 cell count, and a decline in the frequency and
severity of opportunistic infections using a publichealth approach. Therefore, any progress short of
these milestones may be associated with decreased
durability and portend the development of drug
resistance.
Task shifting from physicians to nurses and
COs allows nurses and COs to assume broader
clinical duties and provide leadership for the HIV
care team, thereby freeing up physicians to treat
more patients. However, more evidence is needed on how ART programs managed by nurses
and COs compare to physician-led care in terms
of individual and community-based outcomes.
Community involvement through education, preparedness, support activities, and mobilization can
greatly enhance drug adherence and reduce stigma
and discrimination, which are major obstacles to
ART access.
Finally, the strategy that may prove most useful for the massive scaling up of ART programs
in resource-limited settings is one that employs
a community-based approach and that provides
ART services at no cost to the patients through a
tiered delivery model, while preserving the quality
of care. This strategy allows for the delivery of ART
at zonal/regional centers of excellence (i.e., tertiary
centers), at state/district facilities (i.e., secondary
centers) that meet minimum requirements for
ART, and at community-based facilities (PHCs)
that do not meet the minimum requirements for
ART but can provide care and support services,
including VCT and referrals.
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Antiretroviral Treatment Failure,
Drug Resistance, and Management
of Therapy-Experienced Patients
Babafemi Taiwo and Robert Murphy
Northwestern University Feinberg School of Medicine, Division of Infectious Diseases, United States.

M

ost first-line antiretroviral
therapy (ART) in resource-limited settings
comprises a non-nucleoside reverse transcriptase inhibitor (NNRTI) plus two nucleos(t)ide reverse transcriptase inhibitors (NRTIs), or a
combination of three NRTIs.1 Several treatment
programs in such settings have recorded good
adherence rates as well as virologic, immunologic,
and clinical success comparable to what exists in
industrialized countries2-4; however, overall treatment capacity (trained personnel, available drugs,
and infrastructural support) falls far short of
the need. Many patients receive care from ARTinexperienced practitioners and clinics, where they
may be prescribed nonsuppressive ART or unproven herbal remedies, in addition to suboptimal or
inadequate follow-up and support. Furthermore,
the use of single- or dual-agent ART for the prevention of mother-to-child transmission (PMTCT)
is widespread. Cultural barriers including stigmatization and discrimination are frequently cited
as additional impediments to adherence and viral
suppression and, hence, as indirect promoters of
resistance. Despite these issues, assumptions that
antiretroviral resistance will inevitably be worse
in resource-limited settings than in industrialized

countries are unsubstantiated.5 The fear of resistance, therefore, should not constitute a barrier to
treatment.
Some degree of resistance will emerge in all settings where ART is delivered: for example, rates
of resistance in industrialized countries have been
estimated at 27% by six years in patients starting on three or more drugs.6 By the same token,
some patients in resource-limited settings will fail
first-line ART or do poorly after being exposed
to nonsuppressive regimens. This failure is often
a reflection of resistance mediated by incomplete
viral suppression and suboptimal adherence. Also,
transmitted resistance is an emerging problem,
although the scale is not well defined.7 Overall, a
cumulative increase is expected in the number of
patients who need second-line therapy or deeper salvage, but this can be lessened if maximum
adherence and complete viral suppression are
entrenched as the cornerstones of ART at individual and programmatic levels.

Resistance
Human immunodeficiency virus (HIV) replication is an imperfect and error-prone process with
frequent alterations in viral amino acid sequence
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(mutations) from wild-type (drug-sensitive) virus.
Approximately one mutation occurs with every
replication cycle, which translates into several billion mutations per day. Given this rapid turnover,
each untreated person harbors a swarm, or quasispecies, of genetically related but distinguishable HIV strains, including some with “incidental”
resistance mutations. In the absence of ART, such
incidental mutations are temporary and nondominant for a simple reason: in order to maximize its
chances of survival, the virus, like other pathogenic
organisms, evolves toward the strains that are fittest for that particular environment. Thus, in the
absence of ART, highly replicative wild-type virus
is dominant. Conversely, when a patient is receiving ART, viral evolution favors strains that are best
able to replicate in that environment, which tend to
be the strains that are resistant to current ART. In
summary, HIV resistance results from a dynamic
interplay of (1) HIV diversity; (2) HIV replication; and (3) selection pressure exerted by ART.
The most likely scenario for these three factors
to coexist is when there is high-level viremia and
poor adherence to ART. In contrast, while cryptic
replication may persist in some cellular compartments of adherent patients who are aviremic (no
detectable plasma virus), resistance is unlikely to
develop. Also, new durable resistance is unlikely to
develop in the absence of ART.

Primary versus Secondary
Resistance
HIV resistance can be classified as primary (transmitted) or secondary. Primary resistance is acquired
from the index patient at the time of initial infection or reinfection (superinfection). It is important
to distinguish resistance mutations from naturally
occurring polymorphisms on protease and reverse
transcriptase that may influence the emergence of
resistance. Primary resistance is now reported in
approximately 10% of newly infected patients in
90

industrialized countries where ART has been in use
for more than 10 years. Definitive data are scarce
from resource-limited settings with limited ART
experience, although it is likely to be comparatively
low for now. Primary resistance may persist for several years in plasma8,9 or semen,10 and early virologic
failure in patients receiving combination ART is
sometimes traceable to resistance to a single component of the regimen.11,12 As the impact of primary
resistance on HIV epidemiology and management
in resource-limited settings plays out over the next
decade, the preliminary report of a panel of experts
convened by the World Health Organization
(WHO) in 2003 is a good reference point for countries contemplating the relevance and logistics of
resistance surveillance in their population.13 Some
of the key recommendations were that resistance
surveillance should (1) be conducted when ART
programs are well established and have sufficient
coverage, or when drug resistance may be greater
than 5%; (2) focus on treatment-naive persons, with
a preference for those who are recently infected;
(3) focus on testing and counseling centers such
as antenatal clinics; and (4) sample approximately
500 patients per site, which is sufficient to capture a
change in resistance from 5% to 10%.
Secondary resistance refers to resistance that
develops while the patient is receiving ART. This
is thought to be the more common form of resistance at this time in resource-limited settings, and
it is closely linked to incomplete viral suppression
while on ART. The experience from Thailand,
where increased prevalence of resistance was seen
with expanded ART, buttresses the need for resistance surveillance in national ART programs.14
Apart from the potential adverse effects on clinical course and response to ART, patients with secondary resistance serve as reservoirs of the strains
that result in primary resistance if transmitted to
new persons. Unlike primary resistance that often
remains detectable in plasma for long periods in
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HIV Diversity and Resistance
Circulating HIV strains around the globe are
diverse and complex17 with the main (M) type
being predominant. Subtype C viruses, the most
common subtype in South and East Africa as well
as India, are the most prevalent worldwide. Subtype
A is commonly found in East Africa, subtype B in
North America, Europe, and Australia, and subtype D in East Africa. There are several circulating
recombinant forms (CRFs) including CRF02_AG,
which is common in West Africa. Groups O and
N are mainly found in Cameroon, while HIV-2 is
largely confined to West Africa. It is common for
multiple subtypes to coexist in the same population. Most available data on ART resistance were
derived from the B subtype.
While it remains uncertain what intrinsic differences, if any, exist in preferred resistance pathways
or durability of selected mutations among different
HIV subtypes, several preliminary observations testify to this potential. For example, polymorphisms
have been demonstrated in non-B subtype HIV
at protease and reverse transcriptase sites known
to be associated with resistance.18,19 Theoretically,
some of these polymorphisms may alter the steps

to clinically significant mutations, or lead to novel
pathways of mutational escape under drug pressure. This is illustrated by D30N, which is a common mutational pathway to high-grade nelfinavir
resistance in subtype B patients, but is uncommon
with non-B subtypes, probably because of existing polymorphisms.20 Also, the K103N mutation
in recipients of single-dose nevirapine (sdNVP)
tends to persist longer among those infected with
HIV subtype D versus subtype A.21 For now, clinical practice in resource-limited settings is driven
by the evidence of overlap in mutational pathways,22 and responses to ART among B and most
non-B HIV subtypes. Differences likely exist, however, such as the suggestion that subtype G may
be less susceptible to protease inhibitors (PIs).23,24
Clearly, research focusing on the relationships
between the non-B HIV subtypes and HIV resistance is needed.

Overview of Selected
Mutations
M184V and M184I
The M184I mutation is often the first to emerge
during lamivudine or emtricitabine exposure; however, it has lower replicative capacity than M184V,
which becomes the dominant mutation.25 M184V
potently blocks the incorporation of lamivudine
and emtricitabine into viral DNA chain, inducing
high-level (up to > 500-fold) resistance to those
drugs, and lower (often clinically insignificant)
resistance to didanosine, zalcitabine, and abacavir.26
On the other hand, it causes increased susceptibility to zidovudine, stavudine, and tenofovir because
it counteracts their excision from viral DNA.27,28
Strains with M184V have significantly reduced
replicative capacity that may be beneficial clinically.29 Despite the low genetic barrier to resistance,
lamivudine and emtricitabine are cornerstones of
ART worldwide.
Science and Treatment of HIV Infection
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the absence of ART, secondarily developed resistance is typically rapidly replaced by wild-type if
ART is withdrawn. The time for such “reversion”
to wild-type may be as short as a few weeks.15
Even when resistance mutations become undetectable in plasma, they may be archived in proviral DNA and can repopulate plasma if the drug
(or a similar drug) to which resistance was developed is reintroduced.16 An illustrative scenario is
seen among patients with secondary resistance
to efavirenz or nevirapine. If the NNRTI is discontinued, circulating viruses will likely change
from NNRTI mutants to wild-type. However, the
NNRTI-resistant strains will likely reemerge if the
patient is reexposed to efavirenz or nevirapine.

Thymidine-Associated Mutations
The thymidine-associated mutations, or TAMs
(M41L, D67N, K70R, L210W, T215Y/F, and
K219E/Q), are selected by zidovudine or stavudine,30 two commonly prescribed NRTIs in
resource-limited settings. They tend to accumulate in patients who are left on a failing regimen
with ongoing viral replication, typically in one
of two clusters: M41L, L210W, and T215Y, leading to more-extensive cross-resistance to NRTIs,
or D67N, K70R, T215F, and K219E/Q, leading to
less-extensive cross-resistance.31,32 TAMs reduce
viral susceptibility to many NRTIs, especially
zidovudine and stavudine. However, single TAMs
generally cause only relatively low-level resistance,
which may not significantly compromise antiretroviral activity, although some patients have failed
zidovudine-containing regimens when only 41L
or 215Y/F mutation was present. Tenofovir usually retains significant antiretroviral activity in the
presence of multiple TAMs, if M184V is present.33
Unlike M184V and K65R, isolated TAMs cause
only a small reduction in viral replicative capacity,
but a combination of several TAMs can significantly reduce viral replication.34

K65R
This relatively uncommon mutation is antagonistic to TAMs,35 and is the preferred mutational
pathway for tenofovir. In addition, it can emerge
following exposure to didanosine or abacavir.
Stavudine has been rarely associated with K65R,36
which may explain some of the reported cases in
resource-limited settings among patients without
prior exposure to tenofovir, didanosine, or abacavir. Subtype C viruses appear to select K65R more
rapidly than other HIV-1 subtypes and HIV-2.37
K65R is associated with cross-resistance to many
NRTIs including abacavir, tenofovir, lamivudine,
and didanosine,38,39 which provides a rational explanation for the observation that patients who have
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failed tenofovir-containing ART because of resistance may also fail abacavir or didanosine, and
vice-versa.
The likelihood of developing K65R is influenced by the ART regimen: (1) risk is increased in
treatment-naive patients who receive tenofovir plus
abacavir,40 didanosine plus abacavir,41 or tenofovir
plus didanosine42; and (2) the presence of TAMs or
zidovudine in a regimen diverts resistance pathways
away from K65R.43 K65R appears to increase viral
susceptibility to zidovudine.43,44 Viruses with K65R
mutation, like M184V, have replicative capacity that
is approximately 50% of wild-type, thus the combination of K65R and M184V results in a virus with
very significant reduction in replicative capacity.45

Other NRTI-Associated Mutations
NRTI cross-resistance has also been associated
with Q151M and T69 insertions. L74V occurred
frequently with didanosine monotherapy, but it
is infrequently encountered now that didanosine
is usually combined with other ARV drugs. Also,
L74V is one of the mutational pathways selected by
abacavir. The presence of L74V and M184V leads
to abacavir and didanosine resistance plus some
resistance to tenofovir. Patients who fail abacavir or
didanosine due to L74V may harbor small populations of K65R, which translates to increased risk of
tenofovir failure, if exposed to the drug.

NNRTI Mutations
The most common mutations seen in persons
on NNRTI (nevirapine or efavirenz) therapy are
K103N and Y181C, which cause high-level NNRTI
cross-resistance. Other notable mutations include
V106A, Y188C/L/H, and P225H. Because of the
ease of developing resistance against NNRTIs,
these drugs are said to have a low genetic barrier
against resistance, like lamivudine and emtracitabine. Among poorly adherent patients who fail
initial NNRTI-based ART (the combination most
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PI Mutations
In general, single mutations in the protease gene
cause relatively low-level resistance that does not
significantly compromise clinical efficacy, but
exceptions include D30N and I50L, which cause
high-level resistance to nelfinavir and atazanavir,
respectively. The likelihood of developing resistance can be reduced by adding low-dose ritonavir
to “boost” the pharmacokinetics of the PI (except
nelfinavir). This is because ritonavir inhibits gastrointestinal and hepatic cytochrome P450 (CYP450)
enzyme systems, which are necessary to metabolize
PIs. As a result, ritonavir improves the pharmacokinetic parameters of the co-administered PI, including the trough concentration (Cmin) and overall
drug exposure as measured by the area under the

plasma concentration versus time curve (AUC).
These changes allow the use of lower PI doses.
Also, the inhibitory quotient (ratio of Cmin/concentration needed to inhibit viral replication by 50%
[IC50]), which influences the likelihood of developing resistance mutations, is improved with boosted
PIs. In summary, ritonavir-boosted PIs generally
have improved potency and much reduced risk of
resistance compared with unboosted PIs.

Single-Dose Nevirapine, Other
Nonsuppressive ART Regimens,
Resistance, and Treatment
Failure
One of the most common uses of nonsuppressive
ART in resource-limited settings is sdNVP for
PMTCT. Although recommended by WHO and
unavoidable in certain situations (for example,
women who present in labor), the main criticism of
this intervention is that it predisposes to the development of K103N and Y181C mutations, which
cause cross-resistance to nevirapine and efavirenz.
The incidence of these mutations can be reduced
by co-administering a short course of AZT/3TC to
mother and baby.46 These mutations tend to fade
over time, but may remain detectable for several
years in some patients, and can be transmitted to
the infants of affected women.47 Factors associated
with delayed fading include high pre-sdNVP viral
load and perhaps viral subtype.21
The major clinical concerns related to the resistant mutations that can follow sdNVP are subsequent reduction in the effectiveness of ART that
contains nevirapine or efavirenz, and reduced
success of sdNVP in future pregnancies. Recent
preliminary studies, however, have shed some
light on the magnitude of these risks and provided justification for continued use of sdNVP when
the woman is ineligible for combination ART for
her own disease and better options do not exist.
The first finding was the absence of a significant
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commonly used in first-line ART in resourcelimited settings), the most common mutations are
NNRTI associated, followed by M184V.
NNRTIs have prolonged steady-state half-lives
(25–32 hours and 40–55 hours for nevirapine
and efavirenz, respectively), compared with other
antiretroviral drugs. As a result, they remain in
circulation at therapeutic concentrations for several days, and at subtherapeutic concentrations for
up to several weeks after discontinuation. Thus,
simultaneous discontinuation of all the drugs in
an NNRTI-based regimen may lead to a period
of unintentional NNRTI monotherapy since
other drugs clear faster from the blood. This predisposes to NNRTI resistance, especially among
patients with high viremia. Although the best
strategy to discontinue NNRTI-based regimens is
debated, most authorities recommend stopping
the NNRTI followed by the NRTI(s). More controversial is the optimal length of time between
stopping the NNRTI and stopping the “NRTI tail.”
Recommendations have ranged from four to five
days to as long as four weeks, while most agree that
a one-to-two-week NRTI tail is reasonable.

difference in the efficacy of sdNVP between first
versus second use.48,49 Equally notable were the
studies that showed similar responses to NNRTIcontaining combination ART among women with
prior sdNVP exposure versus those without previous exposure, provided the combination ART
was started at least six months after the sdNVP.
Patients who initiated NNRTI-based ART within
six months of sdNVP had poorer outcomes.50,51
Taken together, these findings suggest that despite
the propensity of sdNVP to induce resistance mutations, it can be reused in subsequent pregnancies,
and NNRTI-containing combination ART can be
used in sdNVP recipients, but it is best to delay
its use until at least six months after the exposure
to sdNVP. Researchers are trying to reconcile the
relative effectiveness of NNRTI-containing ART
in patients who had evidence of NNRTI mutations
after sdNVP only versus its lack of effectiveness
in patients who failed previous NNRTI-containing
ART. One yet to be proven hypothesis is that the
quantity of resistant virions and archived mutations is much smaller after sdNVP alone; hence,
it may be easier for it to be permanently overwhelmed by wild-type.
Another common, but certainly more harmful,
scenario of nonsuppressive ART in resource-limited settings occurs through its provision by health
providers with no experience in ART. This poses
both short-term and long-term danger to individual patients and public health because it provides
an ideal environment for iatrogenic resistance. To
reduce this, adequate training should be provided
to those who prescribe ART, and treatment outlets
expanded by integrating them into existing healthcare infrastructure. Further, minimum monitoring
capabilities should be made available, and strong
systems put in place to fend off the threat of drug
adulteration. Public enlightenment on the hazards
of combining herbal preparations with ART should
be undertaken. Unchecked inappropriate use of
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anti-HIV drugs can engender large-scale iatrogenic
resistance and seriously limit the morbidity and
mortality benefits that are derivable from ART.

Practical Approach to
Treatment Failure
Treatment failure occurs in approximately 30% of
patients undergoing initial therapy,1,52 although it
can be as low as 5% or may exceed 50% depending
on the particular clinical setting and patient population.53-57 The most common cause of treatment failure
is poor adherence as demonstrated by two observations: first, virologic failure rates can be as low as 5%
when adherence is enforced such as through directly
observed therapy (DOT) in correctional facilities57;
and second, patients failing initial therapy most
commonly have drug-sensitive virus.58

Optimizing Adherence to Prevent
Resistance
The management of treatment failure starts
with its prevention, and the most effective tool
from both cost and clinical perspectives is optimization of adherence in all patients. In general,
timely and appropriate ingestion of at least 95%
of prescribed ART is essential.59 The foundation
for excellent adherence should be laid before the
first dose of ART is prescribed, and systems for
continual reevaluation and reinforcement should
be in place. To improve adherence, selected ART
should be simple, well tolerated, and have the
fewest number of pills and a single daily dose if
possible. Treatment literacy should be encouraged by educating patients about their regimen,
including how to address adverse effects and contact their providers if needed; otherwise, they are
likely to stop taking prescribed medications once
they associate it with untoward effects. Further,
support structures should be developed around
each patient. The support models that have been
used successfully in resource-limited settings
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Clinical

Development of new or recurrence of a WHO stage 4 diagnosis

Immunological

Decline in CD4 count to levels at or below pretherapy level; or 50% decline from the peak
level achieved during treatment; or failure of CD4 count to rise above 100 cells/mm3**

Virological

Persistent viral load > 1,000 copies/ml

*Viral load is the earliest and best indicator of treatment failure.
**This has to be interpreted with caution because some patients who have achieved viral suppression to < 50 copies/mL and
are clinically improved may not experience a corresponding increase in CD4 count. Such patients do well with c ontinuation of
current regimen and prophylaxis for opportunistic infections.

differ in their specific methodologies, but most
link patients to other people for motivation and
assistance with disclosure and other psychosocial
issues. In addition, the treatment supporters provide practical support with adherence and management of adverse effects. One model in Haiti
used community-based health workers (accompagnateurs) to provide DOT,1 while other models
used treatment partners (a relative or close friend)
to promote adherence.60 Another model used in
Khayelitsha, South Africa, included peer support
groups.61 In the clinic, all cadres of staff should be
involved in adherence promotion, and specially
trained counselors should be utilized whenever
feasible. Tools such as pillboxes, drug identification charts, diaries, and educational materials are
useful, especially if they are culturally competent.
Finally, adherence should be addressed at every
medical encounter, and a detailed record of drug
pickup patterns should be kept. As ART programs
expand, further research will be needed to identify
best practices for treatment adherence support.

Diagnosis of Treatment Failure
The criteria used to define treatment failure are
influenced by local resources and guidelines. In
general, clinical, immunologic, and virologic factors are considered (Table 1).

Managing First-Line Treatment Failure
Patients with Poor Adherence
When confronted with a patient who is failing initial ART, the first step should be to determine the
patient’s adherence. This can be done by appraising the pattern of ART pickup from the pharmacy,
direct patient questioning, and a review of adherence tools such as drug diaries and pillboxes. In
doing this, the clinician must recognize that the
usefulness of these exercises in general, and direct
patient questioning in particular, is directly linked
to the skill with which the inquiry is undertaken
and the quality of collected data. For example, the
question “You have not been skipping your medications, right?” probably has a greater likelihood of
eliciting an erroneous response than “How many
doses have you missed in the last three days?” or
“Tell me how you have been doing with the medications.” Further, the clinician should bear in mind
that admissions of poor adherence are almost
always accurate; claims of excellent adherence
may be exaggerated; and health-care providers are
often inaccurate in their subjective estimation of a
patient’s level of adherence. Given the complexities of assessing adherence, clinicians should be
prepared to apply both the art and the science of
medical practice and expect surprises.
If a history of poor adherence is elicited, the
clinician and patient should identify reversible
Science and Treatment of HIV Infection
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Table 1. Recognition of Treatment Failure: Adapted from the WHO 2006 Guidelines for ResourceLimited Settings1*

causes, and craft practical interventions to correct
them. The underlying cause may be as simple as
the inability to reach the ART site because of transportation problems or it may be something more
complex such as deliberate avoidance of the clinic
because of concerns about future discrimination
and stigmatization, domestic abuse, or substance
abuse. Also, requiring co-payment (no matter how
little) from patients before they are given ART
has been identified as a barrier to adherence.62 In
appropriate settings, good results may be derived
from referring patients to structured adherence
programs where they can interact with other HIVseropositive patients or adherence counselors.
Patients failing due to poor adherence should
continue the initial regimen after corrective measures have been undertaken as it stands a good
chance of being effective. Plans should be made to
reevaluate in the near future. On the other hand,
patients who fail despite proven adherence over
several months likely harbor resistant virus and
may need ART change.
2. Treatment Failure Despite Good Adherence
It is not uncommon for a patient to fail while all
objective and subjective assessments indicate
greater than 95% adherence to prescribed ART. In
this situation, the clinician has to consider many
possibilities, including the following:
Drug-drug interactions. This is particularly
applicable to some resource-limited settings since
patients often combine herbal medications with
prescribed ART. It is also common for patients to
self-prescribe “immune-boosters.” Some of these
compounds have yet uncharacterized interactions with ARTs and should be avoided.63,64 Also,
the integrity of the ART that the patient is taking
should be confirmed. Drug adulteration—the addition of an impure, cheap, or unnecessary ingredient to cheapen or falsify a preparation—though
not reported yet, is a potential hazard that merits
96

continual vigilance. Patients who fail due to drugdrug interactions can have a retrial of initial ART
after discontinuing the unnecessary adjuvant.
Current inappropriate ART. It is insufficient
to document that a patient is on “ART.” The clinician must ascertain the specific components being
used because the patient may be receiving an inappropriate combination.
Presence of resistant virus before initiating
treatment. For patients failing initial NNRTIbased ART, a history of sdNVP during previous
pregnancy should be excluded since this may
explain treatment failure, which is more likely if
combination ART was initiated within six months
of the sdNVP exposure. Also, patients who have
received inappropriate ART combinations in the
past may harbor resistant strains. Primary resistance, or infection with HIV-2 or HIV-1 group
O, which are constitutively resistant to NNRTIs,65
should be considered as well.
Inadequate dosing. Resistance may develop
during treatment due to inadequate dosing. One
scenario for this is failure to adjust the drug dose
following weight gain, particularly in pediatric
patients as well as adults with low baseline weight.

Resistance Testing
Resistance testing provides useful information,
although its availability in resource-limited settings
is currently limited to just a few tertiary institutions
and internationally supported programs. There are
two types of resistance tests: genotypic and phenotypic resistance assays.66,67 These tests are better at
forecasting the drug(s) that a patient is not likely to
respond to. Resistance mutations that account for
less than 20% of the total viral pool in the tested
sample are easily missed. Resistance tests are more
accurate if performed while the patient is on ART
or as close to the time of discontinuation as possible. Tests performed off ART are prone to errors
since wild-type virus is likely to be dominant, while
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is aimed at reducing peripheral neuropathy and
suboptimal adherence associated with the higher
dose. Monitoring and evaluation should be used
also to determine locally sustainable best practices
for uninterrupted procurement of antiretroviral
drugs, drug storage, clinician training, and patient
follow-up. Trends in transmitted and secondary
resistance should be followed and applied to the
care of HIV-infected patients and the prevention
of new infections.

Selecting a Second-Line Regimen
Once it is determined that a patient is failing initial ART despite addressing adherence and related
issues, a prompt treatment change is imperative.
One of the major barriers to achieving this goal in
resource-limited settings is the dearth of facilities
for HIV RNA quantitation (viral load). Of the three
potential parameters for determining failure (Table
1), an increase in viral load is the sentinel event,
and typically precedes a decline in CD4 count by
approximately six months, which itself precedes
clinical manifestation(s) by several months or even
years. Thus, a reliance on parameters other than
viral load for identifying clinical failure implies
there is likely to be a delay of six months or longer
before treatment failure is recognized. This delay
has potentially serious implications since patients
who are inadvertently left on a failing regimen run
the risk of developing (acquiring) more mutations,
which can compromise future ART.68 In one study,
77% of patients left on a virologically failing regimen (viral load > 400 copies/mL) acquired one or
more mutations over an average follow-up period
of six months.69 Given the importance of viral load
determinations in assessing treatment success and
failure, accelerated research initiatives to develop
locally adaptable and sustainable techniques are a
priority for resource-limited settings.
Second-line combination ART should contain
at least two new drugs (Table 2). Although WHO
Science and Treatment of HIV Infection
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resistant mutants, if present, may exist in subpopulations that are below the limits of detection.
Genotypic testing utilizes techniques such as
nucleic acid sequencing or hybridization to detect
point mutations in the viral genome. It can be
completed in one to two weeks, whereas phenotypic testing requires a much longer time. Also, genotyping is less technically cumbersome, cheaper,
and somewhat better at detecting resistant mutants
that are present in low concentrations. Standard
phenotypic resistance testing involves direct measurement of viral susceptibility to various drugs,
expressed as the drug concentration required to
inhibit viral growth by 50% (IC50). Resistance to a
drug is presented as the fold-change (ratio of the
IC50 of sample virus to the IC50 of wild-type virus),
which has to be evaluated for clinical relevance. In
general, interpretation of genotype requires more
expertise compared with phenotype, especially in
heavily treatment-experienced patients, who may
harbor multiple, complex, and poorly characterized mutations. Clinical outcome information is
not yet available for some mutations, especially
those associated with non-B HIV subtype.
While resistance testing in all failing patients is
clearly not feasible, a public health approach that
includes centrally coordinated monitoring and
evaluation can reduce resistance and inform clinical management in resource-limited settings. The
specific activities should include pharmacovigilance to ensure early detection and accurate characterization of the incidence and clinical features of
adverse effects caused by antiretroviral drugs, since
adverse effects are a leading cause of poor adherence, and indirectly resistance. The findings from
monitoring and evaluation activities, including
pharmacovigilance, should be incorporated into
ART guidelines. For example, the recent change in
the recommended dose of stavudine, a commonly
used NRTI in resource-limited settings, from 40
milligrams twice daily to 30 milligrams twice daily

recommends three new drugs, that approach may
actually be quite difficult in many situations and
unnecessary in others. Factors that should influence decisions about the components of the new
regimen include the previous regimen, knowledge
of the patterns of resistance mutations seen among
failures of the previous regimen, available options,
and hepatitis B virus status (if known).
If the initial regimen contained two NRTIs
and one NNRTI, the new regimen should ideally
include a boosted PI plus two NRTIs that are likely
or proven to be active. NNRTIs should be avoided
based on the assumption that resistance has developed already to both first-line NNRTIs (efavirenz
and nevirapine). The most available boosted PI in
resource-limited settings is currently co-formulated
lopinavir/ritonavir (Kaletra or Alluvia). Although
several other ritonavir-boosted PIs probably
have comparable efficacy, Kaletra is more popular because it is available as a fixed-dose capsule
and the new Alluvia formulation does not require
refrigeration. In contrast, use of other ritonavirboosted PIs is restricted to settings where cold
storage is guaranteed throughout the chain that
runs from warehouses to pharmacies and patients’
homes because ritonavir can be left at room temperature for no more than 30 days. Nelfinavir does
not require ritonavir boosting or refrigeration,
so it can be considered in places without a cold
chain; however, its efficacy, like other unboosted
PIs, has been shown to be inferior when compared with a ritonavir-boosted PI regimen. Other
unboosted PIs are suitable alternatives, but those
that are available in many resource-limited settings
(saquinavir and indinavir) have some unfavorable
profiles such as high pill burden, restrictive dietary
requirements, and toxicities. Improved access to
newer, better tolerated PIs like atazanavir and fosamprenavir is needed. For patients whose initial
regimen comprised triple NRTIs, the new regimen
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can be a boosted PI plus two new NRTIs or other
options shown in Table 2.
The two NRTIs in the new regimen should
be selected based on the initial combination.
Tenofovir is a particularly valuable component
of second-line regimens because it often retains
activity when other NRTIs are no longer effective;
however, it is often unavailable. Disturbingly, high
rates of resistance to tenofovir in patients without prior exposure to the drug have been reported
recently in Malawi and other parts of sub-Saharan
Africa, so this drug is not always the best option,
and its use is best guided by knowledge of local
mutational patterns. The combination of tenofovir and zidovudine has reduced propensity for
development of the K65R mutation and overall
bidirectional synergy, making it a desirable combination in many situations. Didanosine plus tenofovir has been associated with low CD4 counts,
although it is virologically effective. The dose of
didanosine should be adjusted downward if they
are co-administered. Regardless of the two new
NRTIs selected, it is reasonable to consider leaving lamivudine or emtricitabine as an additional
agent. This is to preserve M184V mutation, which
reduces viral replicative capacity, induces hypersusceptibility to some other NRTIs, and increases
viral fidelity.70 It is also important to remember
that discontinuation of hepatitis B virus active
drug (lamivudine, emtricitabine, or tenofovir) in
a patient with active hepatitis B can result in a lifethreatening hepatitis flare.

Treatment after Second Failure
The management of patients who have failed second-line ART is complicated by the absence of
genotype and phenotype resistance testing in most
resource-limited settings. Virtually all salvage combinations are more complex than those used in earlier regimens, and adherence may be more difficult
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viruses,74 while maraviroc75-77 and raltegravir78 are a
valuable CCR5 receptor antagonist and integrase
inhibitor, respectively. Novel compounds like these
have significantly expanded options for salvaging
advanced patients, and it is inevitable that they will
be needed in resource-limited settings (Table 3).
Even when the ART options available to a highly resistant salvage patient fail to fully suppress
plasma virus, continuation of such a regimen may
stabilize the patient’s CD4 cell count and clinical status79 until better options become available.
Another strategy that has preliminarily demonstrated some benefit, compared with no therapy
at all, is the use of lamivudine (and likely emtracitabine) monotherapy in patients who already harbor M184V. Expected benefits include slower rates
of CD4 cell decline, viral rebound, and recovery of
HIV-1 replication capacity.80
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because of this. In general, it is reasonable to include
lamivudine or emtricitabine in the regimen for the
same reasons it is valuable in second-line regimens.71 Boosted PIs, tenofovir, and other NRTIs
may also be beneficial, and local experts should
be consulted whenever possible. Although newer
drugs such as novel PIs and enfuvirtide, a fusion
inhibitor, are frequently used in industrialized
countries, these are not available in most resourcelimited settings at this time. An example is tipranavir, a ritonavir-boosted PI that may be effective in
some multi-drug-resistant, heavily pretreated cases
when combined with an optimized background of
other agents.72 Also, darunavir, another novel PI,
has shown at least comparable efficacy and probably better tolerability and safety in similar patients.73
Etravirine is a second-generation NNRTI with
activity against nevirapine- and efavirenz-resistant

Table 2. Second-Line ART Options with Examples
Initial Regimen

Possible Second-Line Regimen

Example of Second-Line Regimen

NNRTI plus two NRTIs
(NVP or EFV) + 3TC +
(AZT or d4T)

Two NRTIs likely or proven to be
active + PI (with or without low-dose
ritonavir)

TDF + AZT + LPV/r

PI (with or without
low-dose ritonavir) +
two NRTIs
NFV + 3TC + (AZT or
d4T)

n

Two NRTIs likely or proven to be
active + NNRTI

n

TDF + AZT + (NVP or EFV)

n

Two NRTIs likely or proven to be
active + another PI (with low-dose
ritonavir) likely or proven to be
active

n

TDF + AZT + LPV/r

n

NRTI(s) likely or proven to be active
+ another PI (with low-dose ritonavir) likely or proven to be effective
+ NNRTI

n

Two NRTIs likely or proven to be
active + NNRTI or PI (with or without low-dose ritonavir). Resistance
testing is highly recommended for
this approach; otherwise use other
options.

n

n

NRTI(s) likely or proven to be
active + NNRTI + PI (with low-dose
ritonavir)

n

n

NNRTI + PI (with low-dose ritonavir)

TDF ± AZT + LPV/r (higher dose needed
due to interaction with the NNRTIs) + (NVP
or EFV)

n

Triple NRTI
AZT + 3TC + TDF

TDF + AZT + (NVP or EFV) or LPV/r.
Resistance testing is highly recommended
for this approach.

TDF ± AZT + (NVP or EFV) + LPV/r (higher
dose needed because of interaction with
the NNRTIs)
(NVP or EFV) + LPV/r (higher dose needed
because of interaction with the NNRTIs)

n

Notes:
• PI with low-dose ritonavir (for example, LPV/r, SQV/r, IDV/r, ATZ/r, FPV/r) is preferred to PI without low-dose ritonavir.
• Resistance testing should guide the selection of new drugs whenever feasible.
• Always consider continuing lamivudine or emtracitabine. These NRTIs are interchangeable but should not be used together.
• Zidovudine (AZT), lamivudine (3TC), stavudine (d4T), tenofovir (TDF), nelfinavir (NFV), lopinavir (LPV), low-dose ritonavir (r),
saquinavir (SQV), indinavir (IDV), atazanavir (ATZ), fosamprenavir (FPV), nevirapine (NVP), efavirenz (EFV).
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Baseline Patient Characteristics

Possible Salvage Regimen after Resistance Testing

Previous exposure to NRTIs,
NNRTIs, and PIs with evidence
of resistance to drugs in all the
classes

Significant benefit can be derived from using a regimen that includes
at least two new agents that have full activity along with an optimized
combination of NRTIs. Drugs that are likely to have full activity in this
context include darunavir/r, raltegravir, enfuvirtide, and maraviroc.
Etravirine potentially has a role as well but it should be combined
with a potent boosted-PI such as darunavir/r and other active drugs in
patients with prior exposure to nevirapine or efavirenz.

Notes:
• The utility of the CCR5 co-receptor antagonist, maraviroc, is limited to persons with exclusively CCR5-tropic virus. The assay
for CD4 co-receptor tropism is not available in resource-limited settings at this time.
• Tipranavir cannot be co-administered with etravirine. It requires a higher dose of ritonavir, and has been associated with
fatal and nonfatal hepatitis and intracranial hemorrhage.
• Darunavir/r has a similar side-effect profile to other boosted PIs and has been associated with rashes, including StevensJohnson syndrome.
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Drug-Drug Interactions in HIV
Disease Management
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harmacotherapy is an essential
component of HIV disease management.
Treatment with multiple agents is often necessary to cure or control HIV/AIDS-related illnesses, to treat or prevent non-HIV-related acute
or chronic conditions (e.g., arterial hypertension,
hyperlipidemia, seizure disorders), and eventually
to suppress HIV viremia. As interactions between
different drugs might jeopardize the desired treatment outcome, health-care workers who prescribe,
dispense, and/or monitor treatment effects need to
be aware of potential drug interactions, as do the
patients themselves.
Drug interactions can be defined as a change in
the pharmacology of one drug in the presence of
another drug. The combined effect of two or more
drugs can be synergistic when the overall effect is
greater than the sum effects of the individual drugs;
it is antagonistic when one drug reduces or nullifies the effect of another drug. In some instances,
expected drug-drug interactions can be beneficial, such as the pharmacologic enhancing effect
of boosted protease inhibitors (PIs), which will be
discussed later.
Regularly updated Web-based interactive drug
interaction charts are available to help health-care

providers cope with ever-increasing information
on drug-drug interactions in clinical practice.1,2
Fortunately, only a minority of reported drug-drug
interactions require absolute dose modification
or drug substitution, but monitoring of toxicity
or efficacy in light of these interactions is critical.
Challenges specific to resource-limited settings
include limited accessibility to existing, easy-to-use
Web-based references; a limited range of available
alternative drugs; and a lack of lab-based monitoring tools necessary to measure drug levels, toxicities, and treatment efficacy.
This chapter aims to summarize the most
clinically significant drug interactions encountered
in HIV disease management, to explain the underlying pharmacologic principles, and to recommend
appropriate clinical management strategies.

Key Mechanisms of Drug
Interactions
Successful pharmacotherapy depends on the
administration of a drug dose sufficient to achieve
the desired clinical effect with minimal toxicity.
The relationship between drug dose and effect can
be divided into pharmacokinetic (the body’s impact
on the drug and the resulting drug concentration)
Science and Treatment of HIV Infection

10 9

and pharmacodynamic (the drug’s effect on the
body at a given concentration) components. The
drug concentration at the site of action provides the
link between the pharmacokinetic and pharmacodynamic properties of a drug and is an important
parameter in the approach to establish rational
drug dosing. The area under the plasma concentration time curve (referred to as “area under the
curve,” or AUC) is a commonly used pharmacokinetic parameter to describe the bioavailability and
clearance of a particular drug and to measure the
effect of drug-drug interactions.
Here we describe mechanisms of drug interactions as they relate to commonly used drugs to
treat HIV-related illnesses.3

Pharmacokinetic Drug Interactions
Pharmacokinetic drug interactions can occur at any
step from the initial administration of the drug to
its final clearance from the body, in particular during the process of drug absorption, biotransformation (activation or inactivation), and elimination.
A major site of drug metabolism is the liver.
Biotransformation of drugs is broadly divided
into two categories, namely drug oxidation (e.g.,
by the cytochrome P450 [CYP] enzyme system,
which is a phase I reaction) and drug conjugation
(e.g., glucuronidation or acetylation, which are
phase II reactions).
CYP Metabolism
Many drug interactions occur among drugs that
are metabolized by the CYP enzyme system, either
when two co-administered drugs are metabolized
by the same CYP enzyme or when one drug inhibits or induces (slows down or speeds up, respectively) the activity of a CYP enzyme impacting the
biotransformation of the other drug.
The list of drugs that are substrates for CYP
enzyme metabolism is long and includes the
non-nucleoside reverse transcriptase inhibitors
110

(NNRTIs), the PIs, and drugs used to treat opportunistic infections, such as azole antifungal agents,
anti-TB drugs, macrolide antibiotics, lipid-lowering medications (the statins), certain antidepressants (serotonin uptake inhibitors such as
fluoxetine), anticonvulsants (carbamazepine, phenobarbital, and phenytoin), anxiolytic drugs (benzodiazepines), oral contraceptives, drugs used to
treat erectile dysfunction, and certain recreational
drugs such as methylenedioxymethamphetamine
(ecstasy) or methadone. In addition to being
metabolized by the CYP enzyme system, many
of these drugs also induce or inhibit the CYP
enzyme activity.
CYP enzyme inhibitors: Most PIs are CYP
inhibitors, leading to increased concentrations
of simultaneously administered drugs that are
metabolized via CYP enzymes. Ritonavir is the
most potent inhibitor and, even in low dosages
(50–100 mg per day), is able to increase the serum
levels of other co-administered PIs (see also under
PI boosting). Among PIs, saquinavir has the mildest inhibitory effects. Other important inhibitors
are the azole antifungal drugs (itraconazole, fluconazole, and ketoconazole), the macrolide antibiotics (erythromycin and clarithromycin), and the
H2 blockers (cimetidine and ranitidine).
CYP enzyme inducers: Inducers enhance
the action of CYP enzymes, leading to decreased
concentrations of concomitantly administered
drugs metabolized by CYP enzymes. The strongest inducer is the anti-TB medication rifampicin. Other important inducers include nevirapine
(NVP) as well as certain anticonvulsant drugs,
namely phenytoin, carbamazepine, and phenobarbital. Some protease inhibitors have the potential
to also induce CYP enzymes, so careful review of
drug interaction potential based on the specific
ARV combination being used is warranted.
CYP enzyme mixed inhibitors and inducers:
Inducing or inhibiting effects are not limited to
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Renal Elimination
All nucleoside reverse transcriptase inhibitors
(NRTIs) undergo primarily renal excretion, with
the exception of zidovudine (ZDV), which is
metabolized by hepatic glucuronidation and subsequently excreted via bile and urine, and abacavir, which is metabolized via alcohol dehydrogenase. Drugs that are inhibitors of renal tubular
secretion, such as trimethoprim, probenicide,
and cimetidine, may inhibit NRTI elimination.
However, the clinical importance of these interactions is unknown.
Transporter Proteins
Transporter proteins are cell membrane carriers
that are specialized to expel foreign molecules and
may be a key determinant of the underlying pharmacokinetic considerations for an individual drug.
One of the best-characterized drug transporter
proteins is P-glycoprotein. P-glycoprotein is implicated in various drug-drug interactions involving
treatment with PIs,9 rifampicin, immunosuppressants, antibiotics, antifungal medications, and
digoxin. Tipranavir is a potent P-glycoprotein
inducer and should be used with caution or not at
all in conjunction with other PIs that are substrates
of P-glycoprotein.

Pharmacodynamic Drug Interactions
Pharmacodynamic drug interactions can occur
when drugs with a similar biological effect also
overlap in their toxicity profile or when two concurrently administered drugs compete for activity at a site of action, such as ZDV and stavudine
(d4T). Overlapping toxicities are discussed later in
this chapter.

Other Factors Influencing Drug Response
The drug response may be influenced by various
physiological factors, which include age, gender,
and underlying hepatic and renal function, and
also by interaction with concomitant medications. In recent years, drug responses have shown
to also be under the influence of host genetic factors, a fact that has sparked off the rapidly evolving
field of pharmacogenetics.10,11 Variation in genes
involved in pharmacokinetic or pharmacodynamic pathways may result in altered metabolism
or increased susceptibility to adverse drug effects.
For example, the major histocompatibility complex
HLA B *5701 allele has been associated with abacavir hypersensitivity.12,13 A single nucleotide polymorphism (SNP) in the CYP2B6 enzyme has been
linked to heightened plasma exposure to EFV14 and
may increase the risk for central nervous system
toxicity. A variant in the gene that codes for the
drug transporter protein P-glycoprotein has been
suggested to influence plasma drug concentrations
achieved by P-glycoprotein substrates and may also
impact the CD4 cell response.15

Predicting Drug Interactions
Drug interactions can influence the efficacy and/or
the tolerability of a drug regimen. Anticipating the
resultant interaction between drugs can often be
complex, but information pertaining to drug-drug
interactions is constantly expanding. This chapter
discusses basic principles and underlying mechanisms of drug interactions to assist all health-care
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individual drugs. For example, some drugs, such as
efavirenz (EFV), exert both inhibitory and inducing effects. In clinical situations, EFV has been
demonstrated to act primarily as an inducer (such
as when combined with PIs); however, laboratory
studies have shown that EFV is also an inhibitor of CYP, making it difficult to anticipate the
exact interaction without drug-interaction study
data. Similarly, ritonavir, a strong inhibitor of the
CYP3A enzymes, can also induce the metabolism
of oral estrogens,4 theophylline,5 atovaquone,6 and
warfarin7,8 via other CYP enzymes.

workers involved in HIV care in identifying potential drug interactions.
As discussed above, interactions impacting drug
efficacy can be due to the inducing or inhibiting
effect of drugs on the activity of the CYP enzyme
system, or by impaired drug absorption, caused
either by drug-food interaction or by drugs that
change the gastric environment.
Drug tolerability can be affected when a concomitant medication or condition increases the
drug concentration to toxic levels (dose-related
toxicity) or when concomitant drugs exert similar
adverse effects (overlapping toxicity).
Drug interactions with major clinical implications will be discussed in the following sections.

PI Boosting
Interactions between ritonavir and other PIs are
used advantageously in a process called PI boosting. Ritonavir is the most potent inhibitor of the
CYP3A4 enzyme among the available PIs. A small,
virologically ineffective dose of ritonavir will significantly increase the blood concentration of the
co-administered active PI. Ritonavir also inhibits the activity of P-glycoprotein, impacting the
absorption and distribution of other drugs that are
substrates of P-glycoprotein, including the other
PIs. Ritonavir dramatically increases the absorption and overall pharmacokinetic exposure of most
other PIs.
PI boosting thus reduces pill burden, allows for
a more favorable dosing interval, and may remove
food co-administration restrictions. Commonly
boosted PIs include lopinavir, saquinavir, indinavir, and atazanavir. In order to achieve virologically
effective concentrations, newer PIs such as lopinavir, darunavir, and tipranavir cannot be administered without the co-administration of ritonavir.
A commonly used formulation that combines ritonavir and lopinavir into a single pill is Kaletra or
Aluvia (lopinavir/ritonavir, LPV/r). The only PI
112

that does not benefit from ritonavir boosting is
nelfinavir, which is metabolized via several isoenzymes in addition to CYP3A4.

Drug-Food Interactions
Generally, it is convenient to take oral medications along with food or at mealtimes. A few
drugs used for treatment of HIV-related illnesses,
however, require a specific gastrointestinal tract
environment for optimal absorption. The original
formulation of didanosine (ddI, Videx) contains
a buffering agent to protect ddI from degradation by gastric acid and needs to be taken on an
empty stomach (30 minutes to one hour before or
two hours after a meal) for optimal absorption.
The newer, enteric-coated ddI (Videx EC) does
not contain the buffer, but this formulation still
requires administration on an empty stomach.
PIs (except unboosted indinavir) should generally be given with food, to enhance absorption and
decrease side effects. EFV should be given on an
empty stomach, or with a low-fat snack, as taking
it with food, especially a high-fat meal, leads to
higher EFV concentrations in the blood and may
increase side effects. Tenofovir is recommended
to be given with food in European guidelines,
while U.S. guidelines suggest it may be given with
or without food. Unboosted indinavir should be
taken on an empty stomach, or with a low-calorie
snack, to ensure adequate absorption. Other antiretrovirals (ARVs) not mentioned here can generally be given without regard to food.
Other drugs commonly used in HIV comorbidity management also have some gastric environment restrictions. Depending on the type of
erythromycin base given and the type of tetracycline, administration on an empty stomach may
be preferable. It is recommended that griseofulvin and itraconazole capsules be taken with food.
Fluoroquinolones and tetracycline are prone to
bind with other compounds (i.e., aluminum, iron,
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Caution with
Co-administered
Antacids

Caution with Coadministered Divalent or
Trivalent Cationsd

Atazanavir

Fluoroquinolones

Griseofulvin

Didanosine (buffered
tablets and entericcoated capsules)

Dapsone

Tetracyclines

Itraconazole

Erythromycinb

Fosamprenavir

Protease inhibitors
(except unboosteda
indinavir)

Efavirenzc

Indinavir (unboosteda)

Indinavirc (unboosteda)

Itraconazole capsules

Tenofovir

Tetracycline

Ketoconazole

Administer with
Food

Administer on
Empty Stomach

Atovaquone

Nelfinavir
Tipranavir
Unboosted refers to indinavir given without concurrent ritonavir.

a

 epending on erythromycin base administered, this restriction may not exist. Specifically, erythromycin ethylsuccinate,
D
erythromycin estolate, or enteric-coated preparations may be taken with food.

b

May be given with a low-calorie snack.

c

Includes multivitamin or antacid preparations that contain aluminum, calcium, magnesium, or iron.

d

calcium, and magnesium) so co-administration
with products containing these elements will affect
their bioavailability. Doses of the antibiotic and
cation element should be separated by two hours
when a patient requires both products.
Some drugs require a specific gastric acidity to be properly dissolved and absorbed, such
as ddI, discussed above. When patients receive
concomitant medications that change the gastric
acidity, such as antacids, H2 receptor blockers, or
proton pump inhibitors, caution should be used
with some HIV therapies. See Table 1 for some
common HIV therapies that require caution when
administered with gastric-acid-reducing agents.
Consult a drug interaction reference for specific

recommendations based on the acid-reducing
agent and co-administered drug, as this interaction may or may not be overcome by separation
of the doses.

Interactions between NNRTIs/PIs and
Other Drugs
The whole spectrum of confirmed and theoretical
drug interactions is beyond the scope of this overview. However, a few classes of medications deserve
special mention, as they are routinely prescribed in
HIV clinical practice and their drug-drug interactions may be clinically significant. This information is generalized and not intended as specific
medical advice. See Table 2 for an overview.
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Table 1. Common HIV-Related Drugs with Specific Gastric Environment Requirements

Table 2. Common Drug Interactions between Non-nucleoside Reverse Transcriptase Inhibitors and
Protease Inhibitors and Other Drugsa
Ritonavir-Boosted
Protease Inhibitorsb,c

Efavirenz

Nevirapine

↓ warfarin
Monitor efficacy

↓ or ↑ warfarin
Monitor efficacy

↓ warfarin
Monitor efficacy

Carbamazepine

↓ protease inhibitor
↑ carbamazepine
Monitor efficacy and
toxicity

↓ efavirenz
↓ carbamazepine
Monitor efficacy

↓ nevirapine
↓ carbamazepine
Monitor efficacy

Phenobarbital

↓ protease inhibitor
Monitor efficacy

↓ efavirenz
↓ phenobarbital
Monitor efficacy

↓ nevirapine
↓ phenobarbital
Monitor efficacy

Phenytoin

↓ protease inhibitor
concentrations
↓ phenytoin
Monitor efficacy

↓ efavirenz
↓ phenytoin
Monitor efficacy

↓ nevirapine
↓ phenytoin
Monitor efficacy

Valproate

↓ valproate
Monitor efficacy

No clinically significant
interaction

No data
May ↓ valproate

Fluconazole

No clinically significant
interaction

No clinically significant
interaction

↑ nevirapine
Monitor toxicity

Itraconazole

↑ itraconazole
Avoid doses >200 mg per
day if possible

↓ itraconazole
Consider alternative
therapy or monitor
efficacy

↓ itraconazole
Consider alternative
therapy or monitor
efficacy

Ketoconazole

↑ ketoconazole
Avoid doses >200 mg per
day if possible

No data
May ↑ efavirenz
May ↓ ketoconazole

↑ nevirapine
↓ ketoconazole
Avoid if possible

Voriconazole

↓ voriconazole
Consider avoiding unless
no alternatives exist

↑ efavirenz
↓ voriconazole
Dose modification of
both agents required

No data
May ↓ nevirapine
May ↓ voriconazole

Drug Affected
Anticoagulants
Warfarin
Anticonvulsants

Antifungals

Note: ↑ / ↓ = blood level of drug increased/decreased.
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Ritonavir-boosted
Protease Inhibitorsb,c

Efavirenz

Nevirapine

Astemizole

↑ astemizole
Contraindicated

↑ astemizole
Contraindicated

No data
Use cautiously

Terfenadine

↑ terfenadine
Contraindicated

↑ terfenadine
Contraindicated

No data
Use cautiously

Amodiaquine

No data
Use cautiously

↑ amodiaquine
Avoid combination due
to toxicity

No data

Halofantrine

↑ halofantrine
Contraindicated

No data
Use cautiously

No data
Use cautiously

Lumefantrine

↑ lumefantrine
Monitor for toxicity

No data
Use cautiously

No data
Use cautiously

Quinine

No data
↑ quinine
Monitor for toxicity

No data
↓ quinine
Monitor efficacy

No data
↓ quinine
Monitor efficacy

Increased ergotamines,
contraindicated

↑ ergotamines
Contraindicated

No data
↓ ergotamines

Rifabutin

↑ rifabutin
Use lower dose of
rifabutin

↓ rifabutin
Use higher dose of
rifabutin

↓ nevirapine
Use with caution

Rifampicin

↓ protease inhibitor
levels
Contraindicated at standard doses

↓ efavirenz
Consider increasing EFV
to 800 mg in patients
>60 kg

↓ nevirapine
Contraindicated

Midazolam

↑ midazolam
Contraindicated

↑ midazolam
Contraindicated

No data
May ↓ midazolam

Triazolam

↑ triazolam
Contraindicated

↑ triazolam
Contraindicated

No data
May ↓ triazolam

Drug Affected
Antihistamines

Antimalarials

Antimigraine Drugs
Ergotamines
Anti-TB Drugs

Benzodiazepines

Note: ↑ / ↓ = blood level of drug increased/decreased.
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Table 2. Common Drug Interactions between Non-nucleoside Reverse Transcriptase Inhibitors and
Protease Inhibitors and Other Drugsa (cont.)

Table 2. Common Drug Interactions between Non-nucleoside Reverse Transcriptase Inhibitors and
Protease Inhibitors and Other Drugsa (cont.)
Ritonavir-Boosted
Protease Inhibitorsb,c

Efavirenz

Nevirapine

Bepridil

↑ bepridil
Avoid combination

↑ bepridil
Avoid combination

No data
May ↓ bepridil

Calcium channel blockers (CCB)

↑ CCB
Use lowest starting dose
and monitor

↓ CCB
Monitor efficacy

↓ CCB
Monitor efficacy

Sildenafil

↑ sildenafil
Use lowest dose and
monitor

No data
May ↓ sildenafil

No data
May ↓ sildenafil

Tadenafil

↑ tadenafil
Use lowest dose and
monitor

No data
May ↓ tadenafil

No data
May ↓ tadenafil

Cisapride

↑ cisapride
Contraindicated

↑ cisapride
Contraindicated

No data
May ↓ cisapride

Loperamide

↑ loperamide
Titrate dose per
response

No data

No clinically significant
interaction

Atorvastatin

↑ atorvastatin
Use lowest starting dose
and adjust per response

↓ atorvastatin
Adjust dose per response

No data
May ↓ atorvastatin

Lovastatin

↑ lovastatin
Contraindicated

No data to guide
co-administration

No data
May ↓ lovastatin

Pravastatin

↑ or ↓ pravastatin
Safe to co-administer

↓ pravastatin
Adjust dose per response

No data
Considered safe to
co-administer

Simvastatin

↑ simvastatin
Contraindicated

↓ simvastatin
Adjust dose per response

No data
May ↓ simvastatin

Drug Affected
Cardiovascular Drugs

Erectile Dysfunction Drugs

Gastrointestinal Drugs

Lipid-Lowering Drugs

Note: ↑ / ↓ = blood level of drug increased/decreased.
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Drug Affected

Ritonavir-Boosted
Protease Inhibitorsb,c

Efavirenz

Nevirapine

Macrolide Antibiotics
Clarithromycin

↑ clarithromycin
Consider decreased dose
in patients with renal
insufficiency

↓ clarithromycin
Monitor or use
alternative

↑ nevirapine
↓ clarithromycin
Monitor or use
alternative

Erythromycin

May ↑ erythromycin
Monitor toxicity

No data

↑ nevirapine
Use cautiously

Haloperidol

May ↑ haloperidol
Monitor toxicity

No clinically significant
interaction

No clinically significant
interaction

Fluoxetine

↑ fluoxetine
Start with lowest dose
and monitor

No clinically significant
interaction

No clinically significant
interaction

Pimozide

↑ pimozide
Contraindicated

↑ pimozide
Contraindicated

No data

Prednisolone

↑ prednisolone
Monitor toxicity

↓ prednisolone
Monitor for efficacy

No data
May ↓ prednisolone

Dexamethasone

No data
May ↑ dexamethasone

No data

No data

Hormonal Contraceptives

↓ estradiol
↓ progestin
Use alternate form of
contraception

↑ estradiol
Consider alternate form
of contraception

↓ estradiol
Consider alternate form
of contraception

Psychotropic Drugs

Steroids

Sources: Panel on Antiretroviral Guidelines for Adults and Adolescents16 and Liverpool HIV Pharmacology Group.1

Note: ↑ / ↓ = blood level of drug increased/decreased.
 hen no specific pharmacokinetic data are available, the anticipated interaction based on the pharmacology of each agent
W
is listed.
b
Consult a pharmacology reference for more information and specific dosing for given interactions.
c
These are generalized recommendations. Consult a drug interaction reference for specific information on the individual protease inhibitor being used.
a

Drugs Not to Be Used with PIs and/or EFV
Certain drugs should not be co-administered with
PIs and/or EFV, as co-administration may increase
their drug concentration, causing potentially

life-threatening side effects. Examples include
(a) the lipid-lowering medications simvastatin and
lovastatin; (b) the antihistamines astemizole and
terfenadine; (c) the anxiolytic drugs midazolam
Science and Treatment of HIV Infection
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Table 2. Common Drug Interactions between Non-nucleoside Reverse Transcriptase Inhibitors and
Protease Inhibitors and Other Drugsa (cont.)

and triazolam; (d) all ergot alkaloid derivatives
used for the treatment of migraine headaches; and
(e) other medications, including cisapride, pimozide, and bepridil.
Simvastatin and Lovastatin
The two lipid-lowering medications simvastatin
and lovastatin are contraindicated with PIs. The
inhibitory effect of PIs on the CYP system raises the
levels of these statin drugs to toxic levels, leading to
life-threatening side effects such as rhabdomyolysis
and renal failure. The lipid-lowering drugs pravastatin and fluvastatin are safe alternatives.
Astemizole and Terfenadine
Similarly, co-administration of PIs, EFV, and/
or other CYP inhibitors with the antihistamines
astemizole and terfenadine is contraindicated, as
case reports of serious adverse events, including
death and cardiac arrhythmias, have been recorded
when levels of these drugs exceed the upper
therapeutic threshold. As a result, these antihistamine medications have been removed from the
American market. Chlorpheniramine (Allergex) is
a safe antihistamine alternative for the treatment
of mild to moderate allergic symptoms, including pruritus, rash, and other signs and symptoms
related to allergic reactions.
Midazolam and Triazolam
The benzodiazepines midazolam and triazolam
are contraindicated for patients on PIs and EFV.
Their concentrations can reach dangerously high
levels in the presence of CYP inhibitors, potentially
causing fatal respiratory arrest. Safer alternatives
include lorazepam, oxazepam, and temazepam.
Ergot Alkaloid Derivates
Ergot alkaloid derivates should be avoided in conjunction with PIs, EFV, and other CYP inhibitors. This
may lead to potentially life-threatening ergot alkaloid
118

toxicity, characterized by peripheral vasospasm,
ischemia, thrombosis, tachycardia, and hypertension. Safe alternative treatment of migraine includes
nonsteroidal anti-inflammatory drugs (NSAIDs),
triptans, metoclopramide, and prochlorperazine.
Cisapride
Toxic levels of cisapride can be reached when this
drug is co-administered with CYP inhibitors (azole
antifungals, macrolides, PIs, EFV, and cimetidine).
These interactions may lead to prolongation of
the QT interval, cardiac arrest, or sudden death.
Cisapride has been withdrawn from the American
market. Safe alternatives with most ARVs are antacids
(Maalox, milk of magnesia, and metoclopramide).
Pimozide
Recent reports also caution against the use of the
antipsychotic drug pimozide in combination with
PIs or EFV. Inhibition of the metabolism of pimozide by PIs or EFV may lead to the development of
life-threatening cardiac arrhythmias.
Bepridil
The calcium channel blocker bepridil is contraindicated for concomitant use with PIs or EFV. Bepridil
has been removed from the American market.

Drugs Requiring Dose Modification or
Cautious Use
The following drug classes may contain drugs that
interact with ARV drugs: azole antifungals, statins,
anticonvulsants, anti-TB medications, antimalarials, macrolide antibiotics, hormones (oral contraceptives), erectile dysfunction medications, anticoagulants, calcium channel blockers, antipsychotics,
and antidepressants.
Azole Antifungals
Due to the potential for considerable bidirectional
interaction between the azole antifungals and the

From the ground up: Establishing a Framework for Success

Valproate (valproic acid), gabapentin (Neurontin),
and lamotrigine (Lamictal) may be alternatives
with lower potential for interactions. Valproate
levels, however, may be decreased by concomitant ritonavir administration due to induction of
CYP2C9 and glucuronidation.
Anti-TB Drugs
The anti-TB drug rifampicin (rifampin) induces the
activity of a number of drug-metabolizing enzymes
and has the greatest effect on the expression of
CYP3A4 compared to other rifamycins (followed
by rifapentine, while rifabutin is the least potent
CYP inducer).18 In addition, rifampicin induces
the activity of certain drug transporter proteins,
such as intestinal and hepatic P-glycoprotein. As a
result, the cellular and plasma concentrations of PIs
are significantly reduced by rifampicin. Rifampicin
also compromises the treatment effect of oral contraceptives, azole antifungals, corticosteroids, oral
midazolam, triazolam, simvastatin, verapamil, and
most dihydropyridine calcium channel antagonists.
The use of rifampicin with PIs and NNRTIs needs
special attention and will be discussed below.

Statins
The clearance of the lipid-lowering drug atorvastatin is decreased by PIs. Therefore, when co-administering atorvastatin with a PI, the health-care worker
should start with the lowest available atorvastatin
dose (typically 10 mg) and monitor for toxicity
before increasing the dose. The lipid-lowering drugs
pravastatin and fluvastatin are safe alternatives.

Antimalarial Agents
Pharmacokinetic data regarding the combination of ARVs and antimalarials are just becoming
available. Generally, halofantrine, lumafantrine,
quinine, and amodiaquine may be impacted by
NNRTIs and PIs. Because this is a common comorbidity in resource-limited settings, special attention
will be given to this topic below.

Anticonvulsants
Bidirectional interactions can be expected when the
anticonvulsants phenobarbital, phenytoin, and carbamazepine are co-administered with NNRTI- and
PI-containing regimens.17 In general, anticonvulsant levels and overall virologic response (plasma
viral load levels) should be monitored regularly.

Macrolide Antibiotics
Macrolide antibiotics are substrates and inhibitors
of the CYP enzyme system. Clarithromycin has the
potential to increase the level of NVP, and close monitoring for hepatic abnormalities is recommended. In
the presence of EFV, clarithromycin levels may be
reduced, and alternatives for clarithromycin should
Science and Treatment of HIV Infection
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ARV classes of PIs and NNRTIs, caution may be
required when such agents are concomitantly
administered. In general, fluconazole can safely be
used with NNRTIs and PIs. However, the concentration of NVP is increased when given with 200
mg of fluconazole. Therefore, patients receiving
this combination should be monitored closely for
NVP-related side effects.
Ketoconazole and itraconazole levels are increased
when co-administered with ritonavir-boosted PIs,
so in some cases the drug dosages of itraconazole
and ketoconazole should not exceed 200 mg daily.
Nelfinavir co-administration with ketoconazole or
itraconazole appears to have less potential for this
interaction. Ketoconazole and itraconazole levels
are reduced by EFV and NVP, and alternate antifungal agents such as fluconazole should be strongly
considered. Dose adjustment of the new azole antifungal agent voriconazole is required with ritonavirboosted PIs and EFV because voriconazole’s clearance is decreased by these agents. Caution is also
advised when co-administering voriconazole with
NVP, as voriconazole levels may be decreased and
NVP levels may be increased.

be considered. A moderate increase in the concentration of clarithromycin is expected in the presence of
LPV/r. Dose modification is not necessary if kidney
function is normal. However, clarithromycin dose
reduction should be considered in patients with renal
impairment. The macrolide erythromycin should be
avoided in the presence of ritonavir-containing PIs,
as fatal cardiac arrhythmia has been associated with
increased erythromycin levels in other clinical situations. Azithromycin is a safe alternative in the presence of PIs and NNRTIs. Most other antibiotics can
be safely co-administered with ARVs.
Hormones (Oral Contraceptives)
The oral contraceptive ethinyl estradiol may interact with PIs and NNRTIs in complex ways. The
clinical significance of these interactions has not
been evaluated thoroughly, but co-administration
may cause contraceptive failure (NVP, ritonavir,
LPV/r, nelfinavir) or oral contraceptive side effects
(EFV, atazanavir).
Erectile Dysfunction Medication
The levels of the phosphodiesterase inhibitors
sildenafil, tadalafil, and vardenafil commonly
used to treat erectile dysfunction are significantly increased in the presence of PIs and may be
reduced in the presence of NNRTIs. Dose reduction is needed when co-administered with PIs.
Anticoagulants
The concentration of the anticoagulant drug warfarin, a drug with a narrow therapeutic index, may
be altered when co-administered with PIs, especially ritonavir, or NNRTIs. Close monitoring of
the anticoagulant effect is required when these
drugs are co-administered.
Calcium Channel Blockers
The levels of calcium channel blockers nifedipine,
verapamil, and diltiazem and the antiarrhythmic
12 0

drug quinidine may increase in the presence of
PIs or be reduced in the presence of NVP or EFV.
These combinations should be used with caution,
and calcium channel blocker dose adjustment
should be guided by clinical response.
Antipsychotics
Many antipsychotic agents are metabolized via the
CYP enzyme system, and drug interactions with
ARVs are often very complex. Most antipsychotic
agents can be affected by co-administration with
PIs or NNRTIs; therefore, close monitoring of clinical response and toxicity is recommended.
Antidepressants
Tricyclic and selective serotonin reuptake inhibitor antidepressants can generally be combined with
PIs and EFV. However, some changes in antidepressant concentrations have been shown. Therefore,
close monitoring for efficacy and toxicity is recommended. St John’s wort, an herbal remedy, should
be avoided as it has been demonstrated to decrease
blood levels of PIs and NNRTIs.

Combining PIs and NNRTIs
PI/NNRTI Interactions
Co-administration of PIs and an NNRTI is reserved
for the management of specific cases, such as in
salvage therapy involving multiclass drug resistance or as an NRTI-sparing regimen (e.g., to avoid
the risk of lactic acidosis). Some data exist regarding drug interactions between these two classes to
guide therapy.
The dual PI combination saquinavir/ritonavir 400/400 mg twice daily in combination with
an NNRTI does not require dose modification.
Clinicians should consider increasing LPV/r
to 533/133 mg (or 600/150 mg of the new tablet version of Aluvia) twice daily in the presence
of NNRTIs. Atazanavir must be boosted with
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Dual PI Interactions
Dual boosted PIs, also only used in specific cases,
consist of two PI agents in addition to low-dose
ritonavir.
The long-term safety and efficacy of LPV/r in
combinations with other PIs has not been formally
established. However, pharmacokinetic20 and
clinical21 data on LPV/r combined with saquinavir (1,000 mg BD [twice a day]) suggest that this
combination is a potential option for patients with
prior treatment failure or toxicities. The combination of atazanavir (300 mg OD [daily]) and LPV/r
resulted in appropriate drug concentrations of
each agent in healthy volunteers.20,22 Dose adjustment and drug monitoring are recommended
when LPV/r is co-administered with either nelfinavir or amprenavir.23
The newer PIs tipranavir and darunavir are not
recommended in combination with other PIs, as
they have not been studied in dual PI combination
or have shown existing interactions.24,25

Interactions Involving NRTIs
There are few known pharmacokinetic interactions
that occur when NRTIs are co-administered with
other drugs, in part because NRTIs are not metabolized by the CYP enzyme system. Emtricitabine,
lamivudine, ddI, d4T, and tenofovir are primarily
cleared by renal excretion, while ZDV is metabolized by hepatic glucuronidation and abacavir is
catalyzed by alcohol dehydrogenase. A large alcohol
dose might compete with abacavir clearance through
competition with the alcohol dehydrogenase; however, this is currently a theoretical interaction.

Importantly, co-administration of the two thymidine analogues, ZDV and d4T, is contraindicated due to intracellular pharmacologic antagonism, which will compromise the antiviral effect
of these drugs.
A few drug interactions have been reported that
might affect the safety or efficacy of ZDV. Valproic
acid and fluconazole, when co-administered with
ZDV, have been shown to increase ZDV levels.26
Patients should be monitored closely for potential toxicity of ZDV. Limited data suggest that
rifampicin decreases the concentration of ZDV,
which may result in a partial or total loss of efficacy of ZDV.27,28 Advice on concurrent usage is
conflicting and ranges from “should be avoided”
(European summary of product characteristics) to
“dose modification not warranted” (U.S. prescribing information). Similarly, tipranavir/ritonavir
reduces plasma ZDV levels; the clinical relevance
of these reductions has not been established but
may decrease the efficacy of these ARV agents.
Tenofovir and ddI co-administration should be
avoided because (a) this combination carries a high
risk for developing drug resistance and (b) tenofovir increases plasma levels of ddI (both buffered
and enteric-coated formula). If co-administration
is needed, ddI should be dose reduced, and efficacy and ddI-associated toxicity should be closely
monitored. Drug interactions have been reported
between tenofovir and PIs; however, they are not
known to be clinically relevant.29,30 One exception
to this is the drug interaction between tenofovir
and atazanavir. Due to still-unclear mechanisms,
tenofovir reduces atazanavir concentrations;
therefore, unboosted atazanavir should not be
administered with tenofovir. Boosting atazanavir
with ritonavir results in more consistent atazanavir concentrations that are similar to atazanavir
concentrations without the presence of tenofovir.31 Conversely, tenofovir levels are increased
when used with LPV/r or darunavir/ritonavir,
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ritonavir in the presence of NNRTIs. Potential
interactions between nelfinavir and NNRTIs exist,
but alteration of drug doses may not be required.19
It is generally advisable to monitor liver enzymes
when NNRTIs are used in combination with PIs,
as both classes may cause hepatotoxicity.

and the potential renal adverse effects should be
monitored.32

New Drug Classes
The development of new ARV drugs is rapidly
advancing. Some of these drugs have different sites
of action, such as fusion inhibitors, CCR5 antagonists, or integrase inhibitors. Information on the
interactions of these drugs with other medications
is still evolving. The fusion inhibitor enfuvirtide,
in use for several years in developed countries, is
a peptide drug (administered subcutaneously) and
has a low potential for drug interactions. The integrase inhibitor raltegravir (Isentress, MK-0518)
has recently been approved in the United States
for the treatment of HIV-1 infection in treatmentexperienced adults. Raltegravir is metabolized
by hepatic glucuronidation and does not seem to
influence drugs metabolized by CYP enzymes;
however, drugs that affect glucuronidation (such as
atazanavir or rifampicin) will result in a pharmacokinetic interaction. A second integrase inhibitor (elvitegravir) is in advanced clinical trials. The
CCR5 antagonist maraviroc (Selzentry) was also
recently approved for use in antiretroviral-experienced patients. Maraviroc is primarily metabolized by CYP3A enzymes and has complex dosing
depending on the co-administered PIs or NNRTIs.
Current information on the potential interactions
of these drugs should be obtained from Web-based
drug interaction charts or the manufacturers’ summaries of product characteristics.

Overlapping Toxicities
A number of drugs used in the management of
HIV disease have similar adverse-effect profiles.
Table 3 categorizes frequently used drugs by their
effect on specific tissues, such as the bone marrow,
pancreas, kidney, liver, peripheral nerves, and skin.
Hematological parameters should be monitored
when combining ZDV with myelosuppressive
12 2

drugs (e.g., anticancer treatment; antifungal treatment with amphotericin or flucytosine; or treatment or prophylaxis with cotrimoxazole, dapsone,
or pyrimethamine). Didanosine and d4T combinations are contraindicated due to increased liver,
pancreas, and neurotoxicity as well as the risk of
lactic acidosis. The risk of liver toxicity is increased
by several drugs, including anti-TB medication,
alcohol, azole antifungals, NNRTIs, and PIs. Severe
cutaneous adverse effects can be induced by NVP,
abacavir, cotrimoxazole, and dapsone.

Special Considerations
Anti-TB Treatment plus Combination
Antiretroviral Therapy
HIV/TB coinfection is a very common clinical condition in many developing countries. Treatment
involves multidrug regimens with significant risk
of drug interactions. Rifampicin, an indispensable
component of standard first-line TB regimens,
is also one of the strongest inducers of the CYP
enzyme system and will interfere with dosing of
NNRTIs, PIs, ZDV, and other drugs co-administered to manage TB disease. For example, the
prednisolone dose should be increased when used
together with rifampicin.33
Because rifampicin produces a significant lowering of NVP concentrations,34,35 the concomitant
use of rifampicin and NVP is not recommended.
A small pilot study showed that an increase of NVP
(300 mg twice daily) can effectively increase NVP
levels.36 However, this approach needs to be confirmed by a formal clinical trial to ensure safety and
efficacy. The effect of rifampicin is less pronounced
when combined with EFV37,38 (AUC 26% decrease).
To compensate for this decrease, some experts recommend that the dose of EFV be increased to 800
mg per day in patients weighing more than than
60 kg. However, some argue that this dose increase
may not be necessary, irrespective of weight, and

From the ground up: Establishing a Framework for Success

Bone
Marrow
Suppression

Pancreatitis

Nephrotoxicity

Hepatotoxicity

Rash

Diarrhea

Other
Effects

Cotrimoxazole

Acyclovir (IV,
high dose)

Azithromycin

Abacavir

Atovaquone

Cidofovir

Didanosine

Adefovir

Clarithromycin

Atazanavir

Clindamycin

Didanosine

Lamivudine
(children)

Aminoglycosides

Atovaquone

Darunavir

Ethambutol

Pentamidine

Amphotericin B

Cotrimoxazole

Fosamprenavir

Linezolid

Cytotoxic
Chemotherapy

Efavirenz
Fluconazole

Dapsone

Stravudine

Isoniazid

Darunavir

Dapsone

Cidofovir

Lopinavir/
ritonavir

Foscarnet

Itraconazole

Delavirdine

Indinavir

Ketoconazole

Efavirenz

Amphotericin B
Cidofovir
Cotrimoxazole

Flucytosine
Ganciclovir

Peripheral
Neuropathy
Didanosine
Isoiazid
Linezolid
Stravudine

Ritonavir

Delavirdine

Maraviroc

Fosamprenavir

Nevirapine

Maraviroc

Linezolid

NRTIs

Nevirapine

Peginterferon-α

PIs (esp.
Tipranavir)

Sulfadiazine

Primaquine

Rifabutin

Pyrimeth
amine

Rifampin

Hydroxyurea
Interferon-α

Pentamidine
Tenofovir

Rifabutin
Voriconazole

Nelfinavir
Ritonavir
Tipranavir

Tipranavir
Voriconazole

Voriconazole

Ribavirin
Rifabutin
Sulfadiazine
Trimetrexate
Valganciclovir
Zidovudine
Source: U.S. Department of Health and Human Services Panel on Antiretroviral Guidelines for Adults and Adolescents (Table 19, p. 84).16

further research into the appropriate dose of
EFV when combined with rifampicin is ongoing.
Alternatively, physicians may consider switching
to a triple NRTI combination for a variable period
of time, depending on the TB treatment regimen.
This is also a possible strategy for HIV-positive
pregnant women on first-line combination antiretroviral therapy (ART) who develop TB.
While guidelines are conflicting regarding
co-administration of rifampicin and ZDV, as
rifampicin is reported to reduce the plasma ZDV

concentration,26 this combination is widely used
in resource-limited settings. The clinical impact
of this reduction in plasma concentrations has not
been established.
The co-administration of rifampicin and PIs
will often require expert advice from TB and HIV
specialists. Co-administration of rifampicin with
PIs will reduce the PI plasma concentration by
about 90%, greatly jeopardizing the success of the
ART. The combination of saquinavir/ritonavir
plus rifampicin had previously been recommended
Science and Treatment of HIV Infection
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Table 3. HIV-Related Drugs with Overlapping Toxicities

as an effective HIV/TB coinfection therapy. 39
However, potentially life-threatening side effects,
such as the risk of severe hepatocellular toxicity,
have been reported from this co-administration.40,41
Therefore, rifampicin is contraindicated in patients
taking ritonavir-boosted saquinavir as part of an
ART regimen.
Co-administration of rifampicin and standard
doses of LPV/r results in subtherapeutic concentrations of lopinavir and is not recommended.42
One study reported that either adding 300 mg ritonavir to the coformulated LPV/r for a total dose
of LPV/r 400/400 mg BD, or increasing LPV/r to
800/200 mg BD, resulted in a favorable AUC for
all drugs43; however, more evidence regarding the
safety and efficacy of this combination is needed
before this can be routinely recommended.
Where available, rifabutin, also a rifamycin
derivate, can be used with most PIs, provided that
the rifabutin dose is reduced, as rifabutin is metabolized by the CYP enzymes inhibited by most PIs.
Conversely, EFV acts as a CYP inducer to reduce
rifabutin concentrations, necessitating an increase
in the dose of rifabutin.
It is particularly important to remember that
after rifampicin is discontinued, the concentrations of many other drugs used by the patient will
increase as the induction starts to wear off. Patients
should be encouraged to notify their health-care
providers if they stop or change any medications
so the proper dosage adjustments can be made.

PI Dosing in Pregnancy
Current pharmacokinetic studies in pregnancy
do not suggest dose modifications for NRTIs and
NVP. Lower than optimal levels of LPV/r and nelfinavir are seen in the third trimester of pregnancy.44
Current recommendations suggest that an increase
of LPV/r to 533/133 mg BD (or 600/150 mg of the
new tablet version, Aluvia) be considered and that
nelfinavir should always be dosed as 1,250 mg BD
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during pregnancy (versus 750 mg TD [three times a
day]).45,46 EFV is contraindicated in the first trimester due to teratogenicity. The combination of ddI
and d4T should not be given in pregnancy due to
increased risk of adverse events. Initiation of NVP
in pregnancy at CD4 levels above 250 cells/mm3
poses a high risk for hepatotoxicity and should be
administered only when the benefit clearly outweighs the risk, and under strict monitoring.

Malaria
Malaria is one of the leading infectious diseases
worldwide. Coinfection of HIV and malaria is
common in many areas of sub-Saharan Africa,
Southeast Asia, and South America. ARV drugs
seem to be safe in the presence of prophylactic antimalaria regimens such as proguanil (Paludrine),
chloroquine, mefloquine, pyrimethamine/dapsone
(Maloprim), or atovaquone/proguanil (Malarone).
Treatment of malaria with atovaquone/proguanil (Malarone), dapsone/proguanil, sulfadoxine/
pyrimethamine (Fansidar), or mefloquine seems to
be safe in persons on ARV drugs. The antibiotics
doxycycline, tetracycline, and clindamycin neither
affect nor are affected by ARV therapy.
Caution is advised when using quinine, as quinine concentrations in the blood are reduced in
the presence of NNRTIs and increased in the presence of PIs. The effect of NNRTIs and PIs on the
potency and safety of artemisinins is unclear, so
close monitoring of efficacy is required (manufacturer’s summary of product characteristics).
Halofantrine is contraindicated with PIs and
should be used cautiously with NNRTIs because
it is extensively metabolized by CYP3A4, and inhibition could prolong the QT interval, leading to
potentially life-threatening cardiac arrhythmia.
Lumefantrine is structurally related to halofantrine; however, it has not been associated with cardiotoxicity. One pharmacokinetic study has evaluated lumefantrine concentrations in combination
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Alternative Therapies/Herbal and
Traditional Medicine
A few natural compounds, such as garlic and echinacea,49 have been implicated in ARV drug interactions and should be used with caution. Grapefruit
juice has been shown to inhibit CYP activity in
the intestine and was thought to be able to boost
saquinavir levels50; however, the effect on treatment
response is clinically insignificant. As mentioned
above, the herbal therapy St. John’s wort is contraindicated with PIs and NNRTIs, as it has been
shown to decrease ARV concentrations.
The use of traditional medicines and practices
is widespread in many parts of the world. Often,
belief in these practices is stronger than reliance on
Western medications. As the content of traditional
remedies is rarely known, it is extremely difficult
to predict any interaction with modern medications. It is therefore very important to inform and
educate patients on the unknown but potentially
hazardous effects that traditional medicines might
have on ART or on therapy for opportunistic infections. Clinicians should also consider a potential

interaction between traditional or herbal medications and ARVs when unexpected treatment
responses (either suboptimal viral suppression or
toxicity) are observed.

Management of Drug
Interactions
The list of interactions involving ARV drugs is
extensive and constantly expanding. To minimize
the risk of drug interaction, awareness and vigilance are essential. Prescribing health-care providers need to review the patient’s complete drug history at each visit, and potential drug interactions
should be a prime consideration when changing
or adding new drugs. Likewise, patients need to
understand the importance of informing the healthcare worker about all medicinal products they are
using, including traditional medicines and nonprescription drugs. Drug interactions should always
be considered as a potential cause in the event of
treatment failure or unusual or severe side effects.
For management of serious adverse events, refer to
the chapter entitled “Recognition and Management
of Antiretroviral Toxicities in Adults”.
Monitoring of ARV treatment efficacy should
follow locally adapted guidelines. Determination
of drug serum levels (e.g., antiepileptic or anticoagulant drugs) could play a role in specific clinical
situations. It is hardly possible to know all possible
interactions or to keep up with the increasing list
of interactions, but basic knowledge of metabolism of the major drug classes, possible interactions, and available drug interaction references is
essential. Detailed information for an individual
case can be obtained from online databases such
as those from the University of Liverpool1 or the
University of California, San Francisco,2 or from
paper-based drug interaction charts that are
updated frequently.

Science and Treatment of HIV Infection

12 5

Science and Treatment
of HIV infection

with LPV/r. Though lumefantrine concentrations
were increased (AUC increased 193%), no EKG
changes were observed. Because of the safe profile of lumefantrine, and the association between
higher lumefantrine concentrations and malaria
clearance, this combination may be considered.47
In contrast to this apparently safe increase in
lumefantrine concentrations, another study evaluating amodiquine and EFV found a significant
increase in the amodiaquine AUC (114%–302%)
along with significant elevations in the liver function tests. Therefore, amodiaquine should be
avoided with EFV and should be used cautiously
with PIs until the mechanism of this interaction
can be evaluated.48
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a

b

B

eginning in 2002 and on a larger
scale since 2004, antiretroviral therapy
(ART) treatment programs have been rolled
out in public-sector health facilities in sub-Saharan
Africa, the region of the world most affected by the
AIDS pandemic. In January 2002, ART became
available in Botswana in public-sector health facilities through the national antiretroviral (ARV) treatment program, Masa. Masa means “new dawn” in
Setswana. The first national public site was at the
outpatient Infectious Disease Care Clinic (IDCC)
at Princess Marina Hospital, the largest referral
hospital in the capital city of Gaborone. The Masa
program now provides public ART to more than
100,000 people at more than 32 designated national
outpatient treatment sites. Similar programs have
been implemented in other regions and countries supported by the World Health Organization
(WHO) and the President’s Emergency Plan for
AIDS Relief (PEPFAR).
The current international standard recommendation for first-line ART in adults consists of two
nucleoside reverse transcriptase inhibitors (NRTIs)
plus one non-nucleoside reverse transcriptase
inhibitor (NNRTI).1-3 Protease inhibitors (PIs)

are reserved for second-line treatment, as needed,
due to issues of cost, dosing frequency, drug-drug
interactions, potential for long-term side effects,
and higher pill burden.
In resource-rich settings, the current goldstandard first-line ART regimen is tenofovir
(TDF) plus emtricitabine (FTC)—co-formulated
as Truvada—with the NNRTI efavirenz (EFV, or
Sustiva), or, more recently, these three ARV medications combined into one tablet per day, namely
Atripla. In multiple adult head-to-head clinical trials, ARV-treated individuals receiving the
NNRTI EFV (previously with zidovudine [AZT/
ZDV] plus lamivudine [3TC] co-formulated as
Combivir, and more recently with Truvada) have
experienced the most favorable immunologic
and virological outcomes. In sub-Saharan Africa,
the vast majority of ART-treated persons receive
either stavudine (d4T) and 3TC or AZT and 3TC
with either nevirapine (NVP) or EFV. Persons
failing these first-line regimens are then typically offered the PI lopinavir/ritonavir (Kaletra/
Aluvia) with two different NRTIs. Table 1 lists
the ARVs currently available for use in resourcelimited settings.
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Table 1. Currently Approved and Available Antiretroviral Medications Licensed for Use in
Resource-Limited Settings
Antiretroviral (ARV)
Medication

Routinely
Available

Special Order
Required

More Widespread Availability or
Use Expected in Next
1–2 Years

Nucleoside Reverse Transcriptase Inhibitors (NRTIs)
Zidovudine (AZT/ZDV)
(with lamivudine [3TC] as
Combivir or Lamzid)

YES

NO

NO

3TC (with AZT as Combivir
or Lamzid)

YES

NO

N/A

Didanosine (ddI)

YES

NO

NO

Stavudine (d4T)

YES

NO

NO

Abacavir (ABC)

NO

YES
(majority of countries)

YES
(cost is still a major issue)

Tenofovir (TDF)
(with emtricitabine [FTC] as
Truvada)

NO

YES
(majority of countries)

YES

FTC (with TDF as Truvada)

NO

YES
(majority of countries)

YES

AZT, 3TC, plus ABC
(coformulated as Trizivir)

NO

NO
(not widely used)

NO
(unless new indication for use
identified, e.g., treating pregnant
women with higher CD4 cell counts
[> 250] based on ongoing clinical trials
or for treatment of HIV/TB coinfected
patients on second-line ART in whom
ritonavir-boosted PIs are not an option.)

Non-nucleoside Reverse Transcriptase Inhibitors (NNRTIs)
Nevirapine (NVP)

YES

NO

N/A

Efavirenz (EFV)

YES

NO

N/A

Nelfinavir (NFV)

YES

NO

NO

Lopinavir/ritonavir (LOP/r)
(Kaletra/Aluvia)

YES

NO
(most widely used PI for
second-line ART)

YES

Indinavir (IDV)

YES

NO
(very limited use)

NO

Ritonavir (RTV) /
Saquinavir (SQV)

YES

NO
(for special cases, e.g.,
patients with TB requiring
antitubercular therapy and
PI-based ART)

NO

Protease Inhibitors (PIs)
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Antiretroviral (ARV)
Medication

Routinely
Available

Special Order
Required

More Widespread Availability or
Use Expected in Next
1–2 Years

Newer ARV Medications/Classes Not Yet Officially Licensed/Registered for Use in Developing-World Settings
Atazanavir/ritonavir (ATV/r)

YES
(limited
availability)

YES
(very limited use/supplies)

YES

Tipranavir/ritonavir (TPV/r)

NO

YES
(very limited use/supplies)

NO
(for deep salvage, private-sector
experienced patients)

Fosamprenavir/ritonavir
(FPV/r)

NO

Not available

NO
(for deep salvage, private-sector
experienced and failing patients)

Darunavir/ritonavir (DRV/r)

NO

Not available

YES
(for deep salvage, private-sector
experienced and failing patients)

NO

Not available

? YES
(for treatment of
experienced patients)

NO

Not available

NO
(for deep salvage, private-sector
experienced and failing patients)

NO

Not yet available/limited
availability expected very
soon

YES
(for treatment of
experienced patients)

NO

Not available

? YES
(for treatment of
experienced patients)

Fusion Inhibitors
Enfuvirtide (T-20)

CCR5 Receptor Antagonists
Maraviroc (MVC)

Integrase Inhibitors
Raltegravir (RAL)

NNRTIs
Etravirine (TMC-125) (ETV)

The major ARV-associated toxicities seen among
ART-treated adults in resource-limited settings
are very similar to those reported in the United
States and Western Europe among HIV-1 subtype
B-infected adults. For discussion purposes, ARV-

associated toxicities will be broken down into categories, and the definitions will be based on two factors:
(a) usual time of onset (“short-term” or “long-term”)
and (b) severity (“mild/moderate” and “severe”).
For severity grading, we will use the most current
Science and Treatment of HIV Infection
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Table 1. Currently Approved and Available Antiretroviral Medications Licensed for Use in
Resource-Limited Settings (cont.)

(December 2004) and internationally known and
recognized Adult Division of AIDS (DAIDS) toxicity
grading scales4; “mild/moderate” toxicities will refer
to grade 1-2 laboratory/clinical events, and “severe”
toxicities will refer to grade 3-4 clinical events.
In summary, we will use the following guiding
principles when estimating the grade of severity of
signs and symptoms:
• Mild: Transient or mild discomfort; no limitation in activity; no medical intervention/therapy
required.
• Moderate: Mild to moderate limitation in activity, some assistance may be needed; no or minimal medical intervention/therapy required.
• Severe: Marked limitation in activity, some
assistance usually required; medical intervention/therapy required, hospitalization possible.
• Life-threatening: Extreme limitation in activity, significant assistance required; significant
medical intervention/therapy required, hospitalization or hospice care probable.
Note: For all laboratory-related toxicities, we will
use the Adult DAIDS grading scale (December
2004).4
For each category, we will also describe how best
to recognize and manage these toxicities, some of
which may be life-threatening.

Key Definitions and Concepts
• Side effect: Side effects are usually self-limited
and not life-threatening, and usually resolve
over a short period of time and with symptomatic support. Side effects typically occur early
after ARV initiation.
• Toxicity: The term toxicity carries with it a
more “severe” meaning, as toxicities can be lifethreatening and may occur anytime following
ART initiation.a

• Short-term toxicities: Short-term toxicities will
be defined as those ARV-associated toxicities
that occur within the first three to six months
following ART initiation.
• Long-term toxicities: Long-term toxicities will
be those ARV-associated toxicities that occur
more than six months after ART initiation.

Incidence of ARV-Associated
Toxicities in Resource-Limited
Settings
A recent meta-analysis review of 28 articles and
abstracts from 14 African countries5 found that an
overall median of 21.2% of patients had experienced
drug toxicity, although there were few cases of grade
3 or 4 events. A Swiss cohort study6 found that 47%
of patients presented with clinical adverse events
while on treatment with “PI-sparing” ART regimens, which most of the African studies employed.
The most commonly reported toxicities were
emesis, mood disorders, elevated amylase levels,
elevated glucose levels, lactic acidosis, neutropenia,
and elevated alkaline phosphatase levels.6
The patient profile derived from preliminary data
from Botswana’s public ART pilot program is as follows: adults (59% female) with advanced immunosuppression (median CD4 cell count = 96 cells/mm3,
median plasma HIV-1 RNA level of 394,889 copies/mL, with 31% having a baseline CD4 count of
less than 50 cells/mm3) having received didanosine
(ddI)- and d4T-containing ART (64%) with either
EFV or NVP, with the remainder receiving primarily Combivir-based ART (26%). The study found
that of the 153 ART-treated adults, 15.6% had died,
with the majority of these deaths occurring very
early (in the first three months) following ART initiation, with a Kaplan-Meier estimate of experiencing toxicity by one year following ART initiation

To maintain consistency and uniformity in this text, we have decided to use the term toxicity when referring to any and all
ARV-associated events.

a
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d4T, AZT, and NVP due to toxicity (8.5%, 8.7%,
and 8.9%, respectively). In contrast, only 1.7% had
switched from 3TC. Most drug regimen changes
(36 of 44, or approximately 82%) were attributable
to anemia among AZT-treated patients.
Data from Uganda (n = 137)11 among adults
receiving d4T- and 3TC-based ART with primarily NVP (77%) or EFV (14%) showed that 55%
of patients experienced some level of discomfort,
while reporting pain, numbness, tingling of the
hands or feet, or skin rash with dryness or pruritus
(51%). Rash was reported in 49% of the 125 patients
treated with an NNRTI-containing regimen.
Data from 1,000 patients in Haiti12 treated primarily with AZT and 3TC with either EFV (47%)
or NVP (42%) showed that 25% of ART-treated
patients required a change in their first-line regimen, with 11% changing for reasons of toxicity.
Anemia (5%), central nervous system (CNS) side
effects (6%), and rash (3%) were the most common,
with two patients developing Stevens-Johnson syndrome, one of whom died. Overall, less than 1% of
NVP-treated patients developed hepatitis.
Longer-term data from a large cohort of ARTtreated adults in Botswana13 receiving primarily the
dual NRTI combination of ZDV/ddI, ZDV/3TC,
or d4T/3TC with either NVP or EFV (n = 650 total)
showed that 17.7% of patients experienced a treatment-modifying toxicity, with the most common
toxicities being anemia (3% of all patients in the
cohort), lipodystrophy (3%), grade 3 hypersensitivity cutaneous reactions or Stevens-Johnson
syndrome (3%), neutropenia (2%), lactic acidosis
(1.0%), moderate to severe symptomatic hyperlactatemia (1%), hepatotoxicity (1%), neuropsychiatric symptoms (1%), and pancreatitis (1%).
Preliminary data from southern Africa5,9-11,13,14
have shown differences in the patterns and rates of
toxicities among HIV-1 subtype C-infected adults
when compared to HIV-1 subtype B-infected,
ART-treated counterparts in resource-rich settings.
Science and Treatment of HIV Infection
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of 23.8% (95% CI, 15.5%-31.2%); and 47 of the 153
(30.7%) having treatment-modifying toxicities, with
a Kaplan-Meier estimate of developing a treatmentmodifying toxicity by year one of 32.2% (95% CI,
23.0%-40.4%).7 The study also found that 29% of
these treatment-modifying toxicities were for severe
peripheral neuropathy, 6% for hepatotoxicity, and
4% for ddI-related pancreatitis and NVP-related
cutaneous hypersensitivity.
Additional preliminary regional data from
Botswana8 evaluating 306 ART-naive adults treated
with PI-sparing public ART as per existing national
ARV treatment guidelines (Combivir/NVP [48%]
and Combivir/EFV [52%]) showed that 8.0% developed severe (grade 3-4) anemia (mean time to development = 11.6 weeks), 2.7% developed StevensJohnson syndrome (mean time to development
= 28.0 days on ART), and 3.4% developed grade
3-4 liver function test (serum SGOT/AST and/or
SGPT/ALT) abnormalities (mean time to development = 12.6 weeks). This initial group of ART-treated
patients was quite ill at the time of ART initiation,
with a median CD4 cell count of 81 cells/mm3, with a
median plasma HIV-1 RNA level of 442,000 copies/
mL, and with 89.2% having WHO clinical stage 3 or
4 disease at the time of ART initiation.
Longer-term ART outcomes data from
Khayelitsha, South Africa,9 have shown similar toxicity rates from 287 adults with advanced
baseline HIV-1 disease (median CD4 cell count
of 43 cells/mm3, mean log10 HIV RNA of 5.18 copies/mL) treated with Combivir-based ART with
either EFV (60%) or NVP (38%). In this cohort,
the cumulative probability of changing a single
ARV medication by 24 months was 15.1% due
to toxicity or contraindications, and 8.4% due to
toxicity alone. Most changes occurred soon after
ART initiation (median time 42 days; interquartile
range 28-56 days). Additional data from this same
cohort10 showed that by 24 months on therapy,
similar proportions of patients had switched from

Preliminary regional data have reported higher
than expected rates of lactic acidosis (1.0%-1.1%)
among ART-treated adults, with expected rates from
Western literature in the range of 0.1%-0.4% among
ART-treated cohorts. The development of lactic acidosis in sub-Saharan Africa appears to be related to
female gender, body habitus (being overweight, body
mass index > 25 or body weight > 75 kilograms),
and use of one or more “D” drugs (d4T and/or ddI).
Reasons for this remain to be fully elucidated but
most likely involve host genetic differences. More
in-depth studies are under way and additional ones
are planned. Early on (2002-2004) in public-ARTtreated cohorts, there were significant rates of AZTassociated anemia, as high as 8%. Anemia can pose a
significant problem, especially in more remote areas
where patients have to travel long distances to reach
a district or referral hospital and where blood supplies are scarce. Preliminary data have also shown
that ART-treated adults appear to have higher than
expected rates (as high as 2.7%) of NVP-associated
cutaneous hypersensitivity reactions (StevensJohnson syndrome) and lipodystrophy.8,13,15
Rates of lipid abnormalities, defined as cholesterol and triglyceride elevations, are not yet known,
as few patients have received PI-based ART for
prolonged periods of time, although patients can
certainly have lipid elevations from d4T or EFV.
ART-treated adults, the majority of whom are
female in sub-Saharan Africa, are experiencing
significant rates of body habitus changes—namely
lipoatrophy involving the buttocks, thighs, and
face—especially those who have been on ART for
more than two years. These body habitus changes
have been attributed to d4T use and, along with
the higher than expected rates of lactic acidosis,
have prompted many policymakers to reconsider
first-line ART options for their public ART programs. Public ART programs have already begun
to move away from d4T- and AZT-based ART regimens and are switching to TDF (Truvada)-based
13 4

first-line ART regimens with more favorable tolerability profiles. Certainly, longer-term data on
the risk for renal insufficiency and bone porosity
changes related to TDF are needed to better inform
policymakers. Cost still remains a significant issue,
but progress has been made with pharmaceutical
corporations and involved foundations (e.g., the
Clinton Foundation) working diligently to negotiate more favorable drug access prices.

Main Mild/Moderate ShortTerm Toxicities
AZT
The main short-term mild/moderate toxicities
experienced among AZT-treated patients are gastrointestinal (GI) problems (nausea, with or without emesis) and headaches. In the majority of cases,
these side effects occur within the first few weeks
to one month on treatment and resolve on their
own without the need for treatment holds and/or
substitutions. A small percentage of patients, especially those taking AZT-based ART for postexposure prophylaxis, may need to discontinue their
AZT and change to d4T, ddI, or TDF.
Neutropenia is a short- to medium-term toxicity associated with AZT due to its effect on myeloid precursors. As persons of African descent have
lower total lymphocyte counts (1,500 compared
to 2,500 elsewhere), the development of neutropenia is not as clinically significant in sub-Saharan
Africa, and there are no studies to determine what
absolute neutrophil count (ANC) best correlates
with heightened risk for infections. AZT-treated
patients who develop neutropenia will typically do
so within the first two to six months following ART
initiation, and in the vast majority of cases these
patients are completely asymptomatic. Mild/moderate decreases in the ANC are of minimal significance
and should result in ARV medication switches (to
d4T or TDF) only if the ANC is less than 500 cells
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d4T and ddI
The most common short- to medium-term toxicity
associated with the “D” drugs (d4T more than ddI)
is the development of peripheral neuropathy (PN),
namely paresthesias and burning in a stocking-glove
distribution, typically involving the feet only. Persons
experiencing this ARV-associated toxicity must be
monitored very closely, and if PN progresses, drug
regimen changes are often indicated. Patients with
moderate PN can be managed by treatment with a
tricyclic antidepressant (amitriptyline, initial dose
25-50 mg at bedtime but can be increased to 100150 mg) or ideally neurontin (gabapentin) at an initial dose of 400 mg twice a day and increasing up to
1,600-2,000 mg total per day, as needed. In addition,
patients can be given nonsteroidal anti-inflammatory agents (ibuprofen/Motrin [Brufen]) and vitamin supplements (multivitamins and folic acid), but
there are no randomized clinical trial outcomes to
provide evidence-based benefits of such adjunctive
measures in the treatment of PN. One other possible management strategy for patients experiencing
moderate PN is to dose-reduce their d4T, but results

are inconsistent for the majority of cases. Patients
with progressive PN symptoms do best when their
d4T and/or ddI is switched to an alternative NRTI
such as TDF or ABC.
(Note: AZT can also cause PN, but to a lesser
degree than the “D” drugs. Also, PN can be caused
by the HIV virus itself, so it is imperative to ask
and to document the presence [or absence] of
mild/moderate PN prior to ART initiation. TB
preventative therapy with isoniazid can also cause
PN, even in patients receiving concomitant therapy
with vitamin B6 [pyridoxine] given in an attempt
to reduce the likelihood of isoniazid-related PN.)

EFV
EFV can cause mild/moderate CNS toxicities, with
the majority of these toxicities occurring within the
first two to four weeks following EFV-based ART
initiation. The vast majority (more than 90%-95%)
of these mild/moderate CNS side effects are selflimiting and completely resolve within one month
on treatment. Rarely do these CNS side effects
persist beyond one month of treatment or intensify, necessitating an ARV substitution to NVP. If
contraindicated, a PI such as lopinavir/ritonavir
(Kaletra/Aluvia) may be substituted instead. The
major mild/moderate CNS side effects seen are
the following: sleep disturbances, including vivid
dreams, nightmares, and insomnia; dizziness, lethargy, or fatigue due to insomnia or reduced sleeping; decreased or increased libido; and euphoria.

Main Severe Short-Term
Toxicities
AZT
The most serious and potentially life-threatening
short-term complication related to AZT treatment
is anemia. AZT can affect bone marrow progenitor
cells and, as a result of its myelosuppressive effects,
it can affect all marrow cell lines and can cause
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x 103 microliters. Persons with moderate decreases
in their ANCs (ANC values 500 to 750) may have
their AZT doses reduced from 300 mg twice daily
to 200 mg twice daily and have their ANCs monitored over time. Patients must receive education
and counseling on the risk of infections and be told
to call or go to the clinic if they develop persistent
fevers or any other signs or symptoms of suspected
significant bacterial infection.
One additional short- to medium-term potential side effect of AZT therapy is hyperpigmentation.
Hyperpigmentation can be caused by other processes or medications but has been seen among AZTtreated patients. It occurs mostly in the nail beds of
fingers and toes but may also involve darkening of
the mucosal surfaces (oropharyngeal mucosa). No
medical therapy or intervention is required.

neutropenia, anemia, and thrombocytopenia. In
rare cases, idiosyncratic reactions resulting in pancytopenia have been reported. AZT-associated anemia
typically develops within the first one to four months
following ART initiation. Clinical presentation is
varied, but the vast majority of patients complain of
increased fatigue, weakness, and dyspnea, depending on the percentage loss of red blood cell mass or
volume and the extent to which oxygen-carrying
capacity is affected. Patients often have scleral pallor and may have a holosystolic cardiac “flow” murmur (I-III/VI) heard best over their left lower sternal
border. For screening purposes, all adults treated
with AZT-based ART should have a baseline full
blood count performed and should not be initiated
on AZT if their baseline hemoglobin (Hgb) is less
than 8.0 grams/dL (or less than 7.0-7.5 grams/dL in
some settings, depending on existing national ARV
treatment guidelines). In addition, patients should
receive extensive counseling and education on signs
and symptoms that may be suggestive of underlying anemia and should be advised to go to the clinic
or contact their treating care provider if any suggestive signs or symptoms of anemia develop. AZTtreated patients should also at a minimum have a
full blood count performed at months one and three
following ART initiation. If any suspicion of anemia exists at any time during the first four months
on ART, then an urgent full blood count should be
performed. Some care providers also opt to perform
a routine full blood count at two months following ART initiation, which may be advisable, especially in regions, such as sub-Saharan Africa, where
at least initially large percentages of patients have
advanced immunosuppression (CD4 cell counts
less than 50-100 cells/mm3) at the time of ART initiation. AZT-treated patients found to have severe
anemia, hemoglobin values less than 6.0 grams/dL,
and/or a significant percentage drop from baseline
(25%-50% or more) need to be urgently hospitalized, transfused the necessary amount of packed red
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blood cells, and have their AZT switched to d4T,
TDF, or ABC. All patients with severe anemia need
to have other possible causes of their anemia ruled
out: infectious causes such as malaria or acute parvovirus B19 infection (causing pure red blood cell
aplasia); GI bleeding (peptic ulcer disease / severe
gastritis, variceal bleeding from end-stage liver disease / cirrhosis from underlying hepatitis B or C,
alcoholic liver disease, etc.); obstetric/gynecologic
causes (ectopic pregnancy, etc.); and/or malignancies (colon carcinoma, etc.). There appears to be
no established role for erythropoietin in the acute
setting, but some care providers have administered
such therapy with favorable outcomes.

ddI- or d4T-Related Pancreatitis
Patients treated with ddI as well as d4T (rare) and
even 3TC (extremely rare) may develop chemical or
clinical pancreatitis. Based on the definitions used
by the Adult Clinical Trials Group (ACTG) as per
the DAIDS grading scales, chemical pancreatitis is
defined as the presence of a grade 3 lipase elevation on at least two determinations obtained within
a two-week period. Clinical pancreatitis is graded
based on the highest severity level achieved in the
description of associated symptoms, which include
abdominal pain (typically peri-umbilical), nausea,
and/or vomiting. Patients diagnosed as having clinical pancreatitis (grade 3-4) should have their ART
held and should be evaluated for other possible
etiologies, such as alcohol use/abuse, traditional
medication use, concomitant medications that can
also cause pancreatitis (pentamidine, cotrimoxazole
[rarely], etc.), gallbladder disease, and so on.

d4T- or ddI-Related PN
One possible short- to medium-term toxicity associated with the “D” drugs (d4T more than ddI) is the
development of PN, namely paresthesia and burning in a stocking-glove distribution, typically involving the feet only. Patients developing severe PN will
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d4T- and ddI-Related Hepatotoxicity
The use of the combination of d4T plus ddI is not
recommended (unless no other options are available and potential benefits outweigh risks) due
to the risk of overlapping toxicities, for example,
PN, pancreatitis, and moderate to severe symptomatic hyperlactatemia or lactic acidosis. In addition, life-threatening and even fatal lactic acidosis
with hepatic steatosis with or without pancreatitis
among pregnant women has been reported; therefore, this combination should not be administered
during pregnancy.
For patients treated with this dual NRTI combination who do develop significant hepatotoxicity,
defined as having clinical symptomatology (right
upper-quadrant pain, jaundice, nausea/emesis,
darkened urine, pale stools, etc.) and liver function test (SGPT/ALT and/or SGOT/AST) abnormalities more than five times the upper limits of

normal, ART should be held and patients should
be comprehensively evaluated for other possible
contributing causes, such as alcohol, traditional
or herbal medications, anti-tuberculosis therapy
(ATT), and so on. An abdominal ultrasound may
also need to be performed to aid in the diagnosis,
looking for fatty hepatic infiltration or changes.
Once the patient has improved clinically and the
liver function tests have returned to normal (or
near normal levels—at least less than five times the
upper limits of normal), then ART can be reinitiated on a case-by-case basis. Patients should not
be reinitiated with the dual NRTI combination of
d4T plus ddI, but instead the following dual NRTI
combinations should be considered (if they are not
contraindicated): ZDV/3TC, TDF/FTC, TDF/3TC,
or ABC/3TC.

Abacavir-Related Hypersensitivity
Reactions
The most potential severe short-term toxicity
associated with abacavir (ABC) use is the ABC
hypersensitivity reaction (ABC HSR), which has
been reported in up to 5% of ABC-treated patients.
ABC HSR can be fatal and is characterized by
fever, rash, nausea, vomiting, malaise or fatigue,
loss of appetite, and/or nonspecific respiratory
symptoms such as sore throat, cough, and dyspnea. These symptoms can be easily confused with
influenza-like symptoms, especially during colder
periods of the year. The case fatalities have primarily occurred among patients who did not recognize this potential toxicity and therefore did not
contact their physicians before they rechallenged
themselves with ABC. This potentially life-threatening toxicity may be difficult to distinguish from
other intercurrent illnesses such as influenza and
viral illnesses and other HSRs such as cotrimoxazole- or NVP-associated cutaneous and systemic
reactions. Patients with ABC HSR typically present with acute-onset fever, tachycardia, flushing
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also by definition have difficulty ambulating and/or
sleeping due to the severity of their paresthesia, as
such discomfort will significantly impair their ability
to perform activities of daily living. The vast majority of ART-treated persons developing grade 3-4 PN
should have their treatment modified. Ideally, all
these patients will have already been placed on tricyclic antidepressants (amitriptyline, initial dose
25-50 mgs at bedtime but can be increased to 100150 mg) or, ideally, Neurontin (gabapentin) at an initial dose of 400 mg twice a day and increasing up to
1,600-2,000 mg total per day plus nonsteroidal antiinflammatory agents (ibuprofen/Motrin [Brufen])
and vitamin supplements (multivitamins and folic
acid). Patients with severe PN need to have their d4T
and/or ddI switched to an alternative NRTI such as
TDF or ABC. Note: Such patients should be told that
it may take several (two to four) months following
their ARV medication switch before they experience
any significant improvement in these often debilitating symptoms.

(diffuse erythema—which may be difficult to fully
appreciate among persons with darker skin), and
hypotension and mimic persons presenting in early
septic shock. Patients with NVP- or cotrimoxazoleassociated systemic reactions, in contrast, tend
to present with fevers and diffuse, clearly visible
cutaneous rash and inflammation, which in severe
cases typically involve the mucous membranes as
well as the trunk and extremities. This potentially
life-threatening toxicity typically occurs within the
first two to four months following ABC initiation.
Studies have shown a significant genetic predisposition to the risk for ABC HSR16,17; namely, persons
with the HLA B*5701 allele (and also HLA DR7
and HLA DQ3) are at significantly higher risk for
toxicity. Genetic studies have also shown that this
allele is more common i n Caucasian populations
(present in up to approximately 5% of studied
Caucasian adults of European descent)18,19 and is
rare among African American and African populations. The management of ABC HSR is mainly
supportive, with the most important component
being the discontinuation of ABC. Dispensing staff
must collect all dispensed ABC to ensure that persons do not rechallenge themselves with ABC, as
rechallenge—that is, failure to recognize the toxicity—has been implicated in all the ABC-associated
fatalities reported in the literature.

NVP-Related Hepatotoxicity
Hepatotoxicity can be caused by a number of medications and/or substances, including alcohol, antiTB medications, acetaminophen intoxication, and
the majority of PIs, both NNRTIs and NRTIs. NVP
has been associated with the development of potentially life-threatening hepatotoxicity, especially during the first 4 to 18 weeks on treatment. Women
initiating NVP-containing ART for the first time
with baseline CD4 cell counts greater than 250 cells/
mm3 (and men with CD4 cell counts greater than
400 cells/mm3) are at significantly heightened risk
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(up to 10- to 12-fold higher) for the development
of serious hepatotoxicity than are those initiating
NVP-based ART for the first time with CD4 cell
counts less than 250 cells/mm3. Treatment is largely
supportive, with ART being held until liver function tests have normalized or nearly normalized.

NVP-Related Cutaneous Toxicity
The most severe forms of NVP-related rashes are
known as Stevens-Johnson syndrome, characterized
by mucous membrane involvement. If more than
30% of the body surface is involved, it is referred to
as toxic epidermal necrolysis (TEN). This rash typically occurs within the first 4 to 16 weeks following
NVP-based ART initiation. Females and those of
African, Asian, and Hispanic descent appear to be at
heightened risk for this potentially life-threatening
toxicity. Systemic symptoms include fever, arthralgias, and malaise or fatigue. The rash begins typically as truncal skin eruptions, which can progress to
involve mucous membrane surfaces (eyes, genitals,
and oropharynx) and may even progress to epidermal detachment and/or skin necrosis that mimics
severe body burns. Cotrimoxazole and phenytoin
can also cause similarly severe cutaneous reactions.
Treatment consists of stopping all ARVs (while considering the administration of a three to five day
dual NRTI tail to preserve future EFV use in individuals with moderate [not severe] symptomatology), as well as aggressive wound care, intravenous
hydration, antihistamines, parenteral nutrition (if
necessary), and antipyretics. The brief use of highdose corticosteroids for three to five days among
individuals with severe Stevens-Johnson syndrome
is very controversial, but has been done without
appreciable detriment in select Batswana adults.

EFV-Related CNS Toxicity
Due to its ability to readily cross the blood-brain
barrier, EFV has been associated with numerous
CNS toxicities, which typically develop within the
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Main Mild/Moderate Long-Term
Toxicities (Including Those
Toxicities with Potential
Long-Term Complications)
Fat Maldistribution Syndromes
(PIs, EFV, d4T)
Peripheral fat loss (lipoatrophy), manifested as
facial, buttocks, and/or thigh thinning, can be very
cosmetically unappealing and stigmatizing among
involved individuals. This is typically a longer-term
complication (i.e., months following ART initiation). Treatment consists of switching to an individual NRTI medication (i.e., TDF or ABC, coadministered with either FTC or 3TC) minimally
associated with lipoatrophy. Injectable agents for
the treatment of lipoatrophy (poly-L-lactic acid,
etc.) are not currently available in the developing
world due to high cost.
Increased fat accumulation (lipohypertrophy)
involving the abdomen, breasts, and neck (dorsocervical fat pad) have been reported following
treatment with EFV and/or the entire class of PIs.
Treatment consists of switching to other ARV

medications (i.e., PIs less commonly associated
with body habitus changes). Response is often slow
and may not occur until three to four months following the ARV medication switch.

Nelfinavir-Related Diarrhea
Diarrhea has been reported among nelfinavir
(NFV)-treated patients, especially early on in their
treatment course. In the majority of cases, this is
self-limited and can be managed successfully while
continuing NFV by increasing fiber intake and/or
by taking calcium supplements.

Indinavir-Related Nephrolithiasis
Anytime following indinavir (IDV)-based ART
initiation, persons may develop nephrolithiasis,
which manifests as dysuria, hematuria, and rarely
as a rise in serum creatinine or acute renal failure.
The risk is highest during times of reduced fluid
intake. This often debilitating complication has
been reported in up to 34% of IDV-treated patients
(range: 4.7%-34.4%). Those at risk include patients
with a previous history of nephrolithiasis, those
with high peak IDV concentrations, and those
unable to maintain adequate hydration. Treatment
consists of aggressive IV hydration, pain control,
and switching the ARV medication to another PI.
Stent placement may be required for severe cases.

Insulin Resistance or Diabetes Mellitus
(PIs)
Weeks to months following PI-containing ART
regimens, patients can develop diabetes mellitus,
which clinically manifests as expected—namely,
patients present with the following: polyuria, polydipsia, polyphagia, unexplained weight loss, and
fatigue or weakness. Case reports of diabetes mellitus have been reported in up to 5% of patients
receiving PI-based ART regimens. Baseline fasting
blood-glucose levels should be tested for patients
about to initiate PIs, and this should be repeated
Science and Treatment of HIV Infection
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first two to four weeks following initiation. These
CNS toxicities include sleep disturbances (insomnia, vivid dreams or nightmares, hallucinations,
excessive somnolence), mood disorders (euphoria, mania, decreased or increased libido, and very
rarely homicidal or suicidal ideation), and other
CNS toxicities such as seizures and dizziness. In the
vast majority of cases, these potentially debilitating
toxicities are self-limited and resolve with continued treatment by the first month following ART
initiation. In select cases, especially those involving persons operating heavy machinery, drivers of
commercial transport vehicles (buses, trains, etc.),
and airline pilots, a furlough for approximately two
weeks following EFV initiation would minimize
risk in case these patients develop CNS side effects.

1 to 3 months following PI initiation and then every
6 to 12 months thereafter. The management of diabetes mellitus consists of diet and exercise modification, diabetic medications (i.e., metformin, insulin, sulfonylurea, and “glitazones”), and a possible
switch to a PI-sparing ARV treatment regimen.

Hyperlipidemia (PIs)
All PIs have been associated with the development
of hyperlipidemia. Atazanavir/ritonavir (ATV/r),
and more so unboosted atazanavir (ATV), have
been reported to cause less adverse effects on lipids
than the other PIs. Other ARV medications, including d4T and EFV, have also been associated with
the development of hyperlipidemia. Typical onset
is months following ART initiation. Risk factors
include preexisting hyperlipidemia. Patients about
to initiate PIs should therefore have a baseline lipid
profile (cholesterol, LDL and HDL cholesterol,
and triglycerides) performed, and this should be
repeated 1 to 3 months following PI initiation and
then every 12 months thereafter. Hyperlipidemia
increases the risk of large-vessel atherosclerosis,
including myocardial ischemia or infarction and
cerebrovascular accidents (CVAs). Management
includes lifestyle modifications (i.e., diet, exercise,
and/or smoking cessation), switching to agents less
likely to cause lipid changes, and pharmacologic
intervention that may include treatment with lipidlowering agents such as pravastatin or atorvastatin.
Hypertriglyceridemia requiring pharmacologic
intervention should be treated with benzafibrate
(or fenofibrate), gemfibrozil, or niacin.

Osteonecrosis (PIs)
Although occurrences are rare, all PIs have been
associated with the development of osteonecrosis.
The clinical presentation is nearly identical to that
in HIV-negative individuals, in that persons typically present with periarticular discomfort, often
brought on while weight bearing or ambulating.
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Symptomatic osteonecrosis has been reported in up
to 1.3% of PI-treated individuals. The initial management is conservative and consists of decreased
weight bearing on the involved joint or joints and
analgesic control, with surgical intervention (core
decompression and total joint replacement) reserved
for severe refractory cases.

Main Severe Long-Term
Toxicities
NRTI-Class-Related Lactic Acidosis
(Especially d4T, ddI, and AZT)
Studies indicate that between 20% and 60% of
patients on NRTI therapy have elevated lactate
levels.20,21 Approximately 0.1%–0.4% of patients on
ART in high-income countries have been shown
to develop lactic acidosis; with numbers as high
as 1.0%–1.1% being reported among patients on
ART in some African cohorts.9,14 Lactic acidosis is often difficult to diagnose, as the presenting
symptoms (e.g., nausea, emesis, abdominal pain,
increased fatigue, and unexpected weight loss) can
be nonspecific. In addition, pancreatitis, sepsis, and
certain excessive thermoregulatory states such as
heat exhaustion can also cause serum lactate elevations.20,22 Female gender, pregnancy, the use of the
NRTIs d4T and/or ddI, prolonged ART duration,
obesity, reduced creatinine clearance, and low baseline CD4 cell counts have been shown to be risk
factors for the development of lactic acidosis.20,23,24
There are now case reports of lactic acidosis among
ART-treated patients receiving all possible combinations of NRTIs and NNRTIs.20,25-28 Several agents
have been tried in the treatment of lactic acidosis,
with limited success, including essential vitamin
coenzymes (thiamine and riboflavin), ubiquinone,
biotin, zinc picolinate, N-acetylcysteine, uridine,
and L-carnitine.29-32 Lactic acidosis typically occurs
at least three and often six or more months following
ART initiation. The initial onset is typically defined
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Rapidly Ascending Neuromuscular
Weakness (d4T)
Rapidly ascending neuromuscular weakness has
been reported among persons receiving NRTIbased ART, particularly those receiving d4T and/or
ddI. Patients complain of acute onset weakness that
mimics Guillain-Barré syndrome and may progress
to respiratory paralysis and death. This rare syndrome typically occurs months after ART initiation
and may be associated with markedly elevated creatine phosphokinase (CPK) levels, elevated serum
lactate levels, and an anion gap acidosis. Treatment
involves supportive therapy and discontinuation of
ARVs. Mechanical ventilation can be instituted, if
needed. Other treatments to consider, which have
had variable success rates and outcomes, include
plasmapheresis, high-dose corticosteroids, intravenous immunoglobulin (IVIG), and L-carnitine.

ddI-Related Pancreatitis (Also Possible
from d4T and/or 3TC)
Pancreatitis may develop in one of two forms: chemical or clinical pancreatitis. Chemical pancreatitis is

defined as the presence of a grade 3 lipase elevation
on at least two determinations obtained within a twoweek period. Clinical pancreatitis is graded based on
the highest severity level achieved in the description
of associated clinical symptoms. The diagnosis is
based on the presence of clinical symptoms (using
the DAIDS/ACTG toxicity grading scale): nausea,
vomiting, and/or abdominal pain (typically periumbilical) plus a confirmed grade 3 lipase elevation plus (for persistent symptoms and/or persistent
lipase elevations to grade 1-2 levels) radiographic
evidence of pancreatic inflammation or edema on
an abdominal ultrasound and/or abdominal computed tomography (CT) scan. Clinical pancreatitis
may be life-threatening and has been associated
with d4T and/or ddI use in adults and 3TC use in
children (very rarely adults). Clinical pancreatitis
may develop two or more months following ART
initiation, and persons on d4T and/or ddI need to be
monitored closely for the development of GI symptoms (i.e., abdominal pains, nausea, and/or emesis).
Other risk factors for pancreatitis include alcohol
use/abuse, hypertriglyceridemia, a previous history
of pancreatitis, and the use of TDF plus ddI without
the ddI dose reduction to 250 mg. Diagnosis is made
by checking a serum lipase and by abdominal imaging study (abdominal ultrasound and/or abdominal
CT scan). Patients with confirmed clinical pancreatitis should have their ART held, and, once they are
stabilized, their NRTIs should be switched from d4T
and/or ddI to TDF/FTC, TDF/3TC, or ZDV/3TC.

d4T- or ddI-Related PN
One possible severe toxicity associated with the “D”
drugs (d4T more than ddI) is the development of
PN, namely paresthesia and burning in a stockingglove distribution, typically involving the feet only.
Patients developing severe PN will also by definition have difficulty ambulating and/or sleeping, due
to the severity of their paresthesia, and discomfort
will significantly impair their ability to perform the
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by nonspecific symptoms such as nausea, emesis,
weight loss, abdominal pain, and fatigue or weakness. Subsequent symptoms may be more rapid in
onset and may include dyspnea, tachycardia, jaundice, muscular weakness, worsening PN, mental
status changes, and/or respiratory distress. Some
patients may present with multisystem organ failure,
such as fulminant hepatic failure, acute pancreatitis,
encephalopathy, or respiratory failure.1 Laboratory
findings include decreased serum bicarbonate
(< 20 mmol/L), low arterial pH (< 7.30), increased
serum lactate (> 5.0 mmol/L), increased LDH, mild
to moderate elevations in AST/SGOT and/or ALT/
SGPT, elevated amylase and/or serum lipase, and
increased anion gap (> 12-14). Management includes
the discontinuation of all ART, and supportive care,
including mechanical ventilation if needed.

activities of daily living. The vast majority of ARTtreated patients developing grade 3-4 PN should
have their treatment modified. Patients with severe
PN need to have their d4T and/or ddI switched to
an alternative NRTI such as TDF or ABC. (Note:
Such patients should be told that it may take several
[two to four] months following their ARV medication switch before they experience any significant
improvement in these often debilitating symptoms.)

Bleeding Episodes (Increase in
Hemophiliac Patients)
Although occurrences are rare, PI-treated hemophiliac patients, within the first few weeks following
ART initiation, can develop spontaneous bleeding
as manifested acutely by bleeding into joints, soft
tissues, and muscles. Treatment consists of switching to an NNRTI, and acutely affected patients may
require factor VIII products.

Nephrotoxicity (IDV, Possibly TDF)
In the literature, there are case reports of IDV- and
TDF-associated nephrotoxicity leading to renal
insufficiency or failure. Patients are often asymptomatic, so patients at heightened risk for renal insufficiency (history of renal insufficiency, underlying
renal disease, etc.) should be given IDV or TDF only
if the benefit clearly outweighs the risk of treatment.
All patients should have their creatinine clearance calculated using the Cockcroft-Gault method
prior to TDF initiation, and patients should be
monitored for worsening renal function, especially
during the first six months on treatment. Patients
often present completely asymptomatically, and
cases of TDF-induced Fanconi syndrome have been
reported. Their diagnosis requires urine microscopy plus phase or Millipore analysis. Patients having a creatinine clearance of less than 60 cc/minute should not initiate TDF, and all TDF-treated
patients should ideally have their creatinine clearance measured at least every six months and more
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frequently if they appear to be at heightened risk
for nephrotoxicity (i.e., older than age 60, having
preexisting renal insufficiency/disease, being on or
having recently received other potentially nephrotoxic medications [e.g., amphotericin B], and/
or having diabetes mellitus or poorly controlled
hypertension).
IDV-treated patients may develop renal insufficiency or failure caused by partial or complete urinary obstruction due to the development of IDVinduced nephrolithiasis. Diagnosis can be made
by urine microscopy and renal ultrasound (hydronephrosis); treatment consists of IDV discontinuation and supportive care, including IV hydration
and pain management.

Risk for Myocardial Infarction (Possibly
ABC More Than ddI)
Attention has focused primarily on the role of
PIs and the risk of myocardial infarction (MI).
However, recent data presented at the Fifteenth
Conference on Retroviruses and Opportunistic
Infections (CROI) 33 from the D:A:D (Data
Collection on Adverse Events of Anti-HIV Drugs)
collaborative cohort study unexpectedly showed
that recent use of ABC an d ddI was associated
with an increased risk of MI, by 90% and 49%,
respectively. The excess risk of MI associated with
ABC and ddI use was most significant—in absolute
terms—among patients with high underlying cardiovascular risk. Preferential use of ABC and ddI
in patients with an a priori increased cardiovascular risk appears not to explain these unexpected
findings.33 Certainly, more intensive longer-term
follow-up is needed, but in HIV-1 infected adults
with multiple risk factors for coronary disease
(high cardiovascular risk), physicians may opt to
prescribe alternative NRTI combinations, avoiding ABC and/or ddI in such patients until additional long-term, and ideally randomized clinical
trial data, become available.
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In summary, ARV medications are very well tolerated with minimal toxicities in the vast majority of ART-treated adults. However, potentially
life-threatening short- and long-term toxicities
can occur and require that all involved healthcare personnel carefully and consistently educate

their patients to improve the recognition and significantly reduce the likelihood of adverse outcomes. Toxicity profiles preliminarily appear to
differ in the developing world when compared
to Western European and North American
cohorts. Additional in-depth research is clearly
warranted.
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Traditional
medications,
alcohol,
isoniazid,
rifampicin,
hepatitis (A, B,
or C)

NVP (nevirapine)

TDF

Hepatotoxicity
(elevated
SGOT/AST and
SGPT/ALT)

Renal
insufficiency

Amphotericin B,
aminoglycosides

Cytotoxic
chemotherapy

AZT >>> d4T

Neutropenia

Gastrointestinal
bleeding, hemo
lysis, cytotoxic
chemotherapy,
ganciclovir,
cotrimoxazole

AZT/ZDV
(zidovudine)

Other
Possible
Etiologies or
Contributing
Causes

Anemia

Toxicity

Most Likely
Causative
Antiretrovirus
(ARV)
Medication

Asymptomatic,
decreased urine
output (severe)

Right upperquadrant pain,
nausea/emesis,
jaundice,
darkened urine/
stools, fevers

2–18 weeks (most
serious cases)

2+ months

Asymptomatic
(vast majority),
recurrent
bacterial
infections
(severe)

Fatigue,
dyspnea, pallor,
weakness

2–12 weeks

1–9 months

Clinical
Presentation

Duration on
ART

Table 2. Antiretrovirus-Associated Toxicities: Recognition and Management Strategies

Management
Rule out other possible etiologies
and discontinue AZT; transfuse
when clinically indicated; and then
switch AZT to d4T (stavudine) or TDF
(tenofovir)
Once confirmed, if grade 3, consider
dose-reduced AZT (200 mg twice a
day) and monitor; if grade 4, switch
AZT to d4T or TDF

Hold all ART when AST/SGOT and/
or ALT/SGPT greater than five times
the upper limit of normal; consult
HIV specialist especially for patients
requiring both ART and anti-TB
therapy, as patients with persistent
liver function test elevations need
very close monitoring and may need
their anti-TB therapy to be re-initiated
one drug at a time
Rule out other possible etiologies,
perform renal ultrasound when
indicated (to rule out obstruction),
and hold/discontinue TDF when
creatinine clearance less than
50–60 mLs/minute.

Diagnosis
Full blood count,
hematology

Full blood count/
hematology

Chemistry (AST/SGOT,
ALT/SGPT)

Chemistry
(urea/creatinine);
and creatinine
clearance (CockcroftGault equation)
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> 6 months

Sepsis,
pancreatitis

d4T > ddI
(didanosine)
> AZT > 3TC
(lamivudine)/FTC
(emtricitabine)
> ABC (abacavir)
> TDF

d4T > ddI > AZT

Lactic acidosis

Lipoatrophy
(face, thighs,
buttocks)

> 6 months

2–16 weeks

Cotrimoxazole,
phenytoin

NVP

Duration on
ART

Severe skin rash;
Stevens-Johnson
syndrome /
toxic epidermal
necrolysis

Toxicity

Other
Possible
Etiologies or
Contributing
Causes

Most Likely
Causative
Antiretrovirus
(ARV)
Medication

Significant
muscle mass
loss in involved
area

Nausea/emesis,
unexplained
weight loss,
fatigue, dyspnea
(late), motor
weakness,
worsening
peripheral
neuropathy

Diffuse, moist
desquamative
rash involving
mucous
membranes,
fevers, and joint
arthralgias

Clinical
Presentation

Discontinue NVP; treat with
antihistamines (chlorpheniramine or
equivalent) and non-steroidal antiinflammatory agents (ibuprofen);
the role of IV/po steroids is very
controversial but one may consider
a very short course (3-5 days total) of
high-dose prednisone (60 mgs per
day or the IV equivalent) in severe
cases.
Hold all ART in patients with
symptoms and lactate levels
> 5.0 mmol/L unexplained by other
possible etiologies (i.e., sepsis);
if lactic acidosis, would consider
avoiding all NRTIs when ART resumed
versus only using the NRTIs much
less likely to cause mitochondrial
toxicity, such as TDF/FTC, TDF/3TC,
or ABC/3TC
Switch to TDF/FTC, TDF/3TC, or
ABC/3TC

Clinical evaluation /
exam

Serum lactate
measurement
(gray top tube on
ice versus newer
validated portable
device)

Atrophy of involved
area of the body
noticed by treating
physician/nurse,
patient, and/or his or
her spouse, partner,
or family member
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Lipid
abnormalities

Pentamidine,
3TC (rare)

> 6 months

> 3–6 months

Asymptomatic

Routine screening
blood tests (total,
HDL, and LDL
cholesterol, and
serum triglycerides)

Dietary and lifestyle modifications
plus lipid-lowering agents

Hold all ART; and if confirmed grade
3 or 4 clinical pancreatitis, switch
d4T and/or ddI to TDF/FTC, TDF/3TC,
ABC/3TC, or ZDV/3TC, with either a
NNRTI or PI
Abdominal
pain (typically
periumbilical),
nausea, and/or
emesis

The presence of
clinical symptoms
with or without
radiographic
evidence (edema/
swelling of pancreas
on ultrasound and/or
abdominal CT scan)

ddI > d4T

Pancreatitis

Switch from EFV to NVP or PI

Diagnosed clinically

Sleep, mood, or
general behavior
abnormalities/
disturbances

Within first
month,
rarely beyond
1–2 months on
ART

EFV

Central
nervous system
abnormalities

Switch from EFV to NVP or from PIs to
NVP or a PI (ATV [atazanavir], LOP/r
[lopinavir/ritonavir]) less likely to
cause fat maldistribution problems

Lipohypertrophy
of involved area of
the body noticed by
treating physician/
nurse, patient, and/
or his or her spouse,
partner, or family
member

Significant fat
accumulation in
involved areas

> 6 months

Protease
inhibitors (PIs),
EFV (efavirenz)
(gynecomastia)

Lipohypertrophy
(abdomen,
breast tissue,
posterior neck)

Management

Diagnosis

Clinical
Presentation

Toxicity

Other
Possible
Etiologies or
Contributing
Causes
Duration on
ART

Most Likely
Causative
Antiretrovirus
(ARV)
Medication

Table 2. Antiretrovirus-Associated Toxicities: Recognition and Management Strategies (cont.)
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Immune Reconstitution
Inflammatory Syndrome
Lewis J. Haddow,a,b Philippa J. Easterbrook,b and Mahomed-Yunus S. Moosaa
Department of Infectious Diseases, Nelson R. Mandela School of Medicine, University of KwaZulu-Natal, South Africa
Department of HIV/Genitourinary Medicine, King’s College London School of Medicine, United Kingdom

a
b

B

etween 10% and 40% of individuals
initiating combination antiretroviral therapy
(ART) for HIV-1 infection experience an
immune reconstitution inflammatory syndrome
(IRIS), also known as immune reconstitution disease.1-7 IRIS is caused by immunological responses
resulting from the immune system’s renewed activity against latent pathogens or other antigens.
Although extensively described in the literature,
IRIS lacks a universally recognized case definition
because of its diverse clinical spectrum and the
difficulty in clearly differentiating the syndrome
from other conditions, such as drug toxicity or new
opportunistic infections (OIs).

Epidemiology and Clinical
Spectrum

malignancy experiences a deterioration in clinical
status after the initiation of ART, usually despite
effective treatment of the underlying OI. Similar
reactions have been described in HIV-negative
patients receiving antituberculous therapy (ATT)8
and may be indistinguishable from ART-induced
IRIS. However, higher rates of paradoxical reactions are reported in patients receiving both ART
and ATT (incidence of 28% to 36%) than in those
treated for TB alone (2% to 10%).8,9 Worldwide, the
most common and clinically significant paradoxical forms of IRIS are those associated with TB and
cryptococcal disease. In seven cohort studies of
Box 1. Common Pathologic Scenarios of
HIV Immune Reconstitution Syndrome
Unmasking IRIS

A wide range of infectious and noninfectious
forms of IRIS has been reported, as summarized
in Table 1.

n

“Paradoxical” and “Unmasking” IRIS

n

IRIS may present as two distinct clinical scenarios (see Box 1) with different clinical features and
differential diagnoses. “Paradoxical” IRIS occurs
when a patient with a previously diagnosed OI or

n
n

Occult, subclinical opportunistic infection
Unmasked by ART, typically within first 12 weeks
Infectious pathogens present

Paradoxical IRIS

n

n
n

Clinical recrudescence of a successfully treated
infection
Symptomatic relapse despite microbiological
treatment success
Antigen-driven immune activation
Sterile cultures
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Table 1. Reported Infectious and Noninfectious Syndromes Associated with IRIS
Etiology

Class of pathogen

Specific pathogen or disease

Infectious

Mycobacteria and
bacteria

Mycobacterium tuberculosis10-12
Mycobacterium avium complex10,13
Mycobacterium leprae14,15
Bartonella henselae5
Chlamydia trachomatis (as Reiter’s syndrome)16

Fungi

Cryptococcus neoformans17-20
Pneumocystis jirovecii5
Histoplasma21
Tinea (dermatophytes)22

Viruses

Cytomegalovirus23,24
Herpes simplex virus type 1 and 225
Hepatitis B and C22,26,27
Varicella zoster virus28,29
Human papillomavirus30
JC virus (as progressive multifocal leukoencephalopathy)31
Parvovirus B19 (as encephalitis)32

Protozoa

Leishmania spp.33,34
Toxoplasma22

Helminths

Schistosoma35
Strongyloides36

Virally driven malignancy

Eppstein-Barr virus (as non-Hodgkin’s lymphoma)37
Human herpesvirus 8 (as Kaposi’s sarcoma)38-40

Presumed noninfectious

Systemic lupus erythematosus41
Sarcoidosis42
Grave’s disease43

Possibly infectious

Guillain-Barré syndrome44
Appendicitis45
Eosinophilic folliculitis46,47
Papular pruritic eruption47

patients with known TB initiating ART, the incidence of paradoxical TB IRIS ranged from 7.6% to
43%.9,48-53 The incidence of cryptococcal paradoxical IRIS in three studies of patients on treatment
for cryptococcal disease who subsequently initiated ART was 8.3% to 33.9%.20,49,54
“Unmasking” IRIS occurs when an OI develops
in a patient who before starting ART did not manifest the condition. In this situation, subclinical or
undiagnosed OIs are “unmasked” by the emergence
15 0

of pathogen-specific immune responses. Unmasking
IRIS has been much less well described than paradoxical IRIS, and its incidence varies according to
the underlying distribution of various pathogens in
the population, and by the level of screening for OIs
before the initiation of ART. For example, the use of
routine chest X-rays and sputum smear examination for acid-fast bacilli (AFB) in both symptomatic
and asymptomatic patients increases the ascertainment and treatment of TB prior to ART initiation.
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Four retrospective cohort studies from South Africa,
Europe, and Australia have reported on the incidence and clinical spectrum of IRIS in all patients
starting ART (Table 2).22,30,55,56 Cumulative incidence ranged from 10.4% to 25%, and rates ranged
from 5.8 to 51.5 per 100 person-years (PYs). The
median time to the development of IRIS was 7 to
20 weeks, with more than half of events occurring
within the first three months of ART. Of 201 IRIS
cases reported in the four cohort studies, the most
common pathogens associated with IRIS were varicella zoster virus (42 cases [21%]), herpes simplex
virus (35 cases [17%]), Mycobacterium tuberculosis
(31 cases [15%]), hepatitis C virus (16 cases [8%]),
and human papillomavirus (13 cases [6%]). Their
relative incidence in different studies partially
reflects the characteristics of the study populations
in terms of the underlying prevalence of infections
in various geographic settings, the level of immunosuppression, the type of HIV risk exposure (e.g.,
a higher prevalence of hepatitis B and C coinfection
among injecting drug users), and level of screening
for underlying OIs in the clinic population.
Other cohort studies of the epidemiology of IRIS
have included only patients receiving treatment
for specific OIs and have estimated the incidence
of IRIS related to those OIs. There are six published studies of patients with TB (from the United
States,9 India,48 Spain,50 France,51 South Africa,52 and
Thailand53); two studies of patients with cryptococcosis (France20 and the United States54); and one
study of patients with either TB, cryptococcosis,
or Mycobacterium avium complex (MAC) infection (the United States49). The incidence of IRIS
in the TB cohorts ranged from 7.6% to 36%, with
rates from 13.6 to 31.6 per 100 PYs, and the incidence of cryptococcal IRIS ranged from 8.3% to
33.9%, with rates from 4.2 to 17.9 per 100 PYs. The
single study of IRIS secondary to MAC infection
found an incidence of 31.4% and a rate of 15.1 per

100 PYs. A higher incidence of IRIS was observed
in patients with TB initiating ART in high-resource
settings compared with resource-limited settings
(35% to 43% versus 7.6% to 12.6%, respectively).
Reasons for these differences include a shorter
time between diagnosis of OI and ART initiation
in high-resource settings, and varying intensity of
clinical surveillance during follow-up.

Clinical Features
Almost any organ or system may be affected by IRIS,
and the clinical features depend on the site affected,
the pathogen involved, and the host-parasite interaction. The clinical spectrum of IRIS in a cohort in
Durban is summarized in Figure 1, and presentations of the most common and important IRIS syndromes are described in the following sections.
Tuberculosis and MAC
IRIS in response to M. tuberculosis infection is
probably the most common and clinically significant form of IRIS, as well as the most extensively
described in case reports and cohort studies. 10
TB IRIS may present as unmasking or paradoxical IRIS, and presents with various clinical manifestations dependent on the site of disease. It
accounts for approximately one-half of the HIVrelated IRIS events in resource-limited settings
where HIV/TB coinfection is common. Studies
performed in Europe and the United States
reported an incidence of TB IRIS among patients
with a prior diagnosis of infection (i.e., paradoxical IRIS) varying between 30% and 43%.8,9,49-51
Only one study provides an estimate of the incidence of unmasking TB IRIS, of around 5% in
Johannesburg, South Africa.56 A detailed review
of all species of mycobacterial IRIS summarizes
86 cases of TB IRIS from 27 papers.10 Among
those cases, the most common manifestation was
lymphadenopathy (71% of cases), with or without overt lymphadenitis. Pulmonary disease was
Science and Treatment of HIV Infection
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Incidence of IRIS

Table 2. Summary of Incidence and Risk Factors for IRIS in Published Cohorts
Number
of
studies

Incidence
of
outcome

Time on
antiretroviral
therapy (ART)
before event

Any IRIS
(unselected
cohort)55,56

2

10.4%–
22.7%

Median
7–12 weeks

Major opportunistic
infection (OI) early
in ART22,30,57,58

4

Outcome

Risk factors
(number of studies)
Lower baseline CD4:CD8 ratio (1)
Lower baseline CD4% (1)
Lower baseline CD4 count (1)

5.9%–25%

Within
20 weeks
in 50% and
8 weeks in 68%
of cases

Lower baseline CD4 count (3)
Higher baseline viral load (1)
Higher final CD4 count (1)
CDC stage C (1)
Younger age (1)

TB IRIS in patients
with known TB
(high-resource
settings)9,49-51

4

30%–43%

Median
2–7 weeks

Greater decrease in viral load (2)
Shorter time between OI diagnosis and
ART initiation (2)
Greater increase in CD4:CD8 ratio (1)
Greater increase in CD4% (1)
ART naive (1)

TB IRIS in patients
with known TB
(resource-limited
settings)48,52,53

3

Cryptococcal
IRIS in patients
previously treated
for cryptococcal
infection20,49,54

3

7.6%–12.6%

Median
2–6 weeks

Extrapulmonary TB (1)
Shorter time between OI diagnosis and
ART (1)
Lower baseline CD4 (1)

8.3%–33.9%

Median
4–34 weeks

Shorter time between OI diagnosis and
ART initiation (2)
Higher level of cerebrospinal fluid
cryptococcal antigen (1)
Fungemia (1)
HIV infection revealed by
cryptococcosis (1)
ART naive (1)
Higher baseline viral load (1)

Mycobacterium
avium complex
(MAC) IRIS in
patients with
known MAC49

15 2

1

31.4%

Not specified

Greater decrease in viral load (1)
Shorter time between OI diagnosis and
ART initiation (1)
ART naive (1)
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Extrapulmonary TB
Itchy folliculitis
Pulmonary TB
Genital ulcer disease
Pustular folliculitis
Herpes zoster
Genital warts
Seborrheic dermatitis
Pruritic papular eruption
Stomatitis
Cryptococcosis
Nongenital warts
Tinea
Nongenital herpes
Other dermatoses
Sexually transmitted infection
Parotid cysts
Esophagitis
Non-TB mycobacteria
Sarcoidosis
Kaposi’s sarcoma
Strongyloides
Hepatitis C

Paradoxical
Unmasking
0

5

10

15

20

25

Number of Cases
Note: Paradoxical IRIS refers to worsening or relapse of known disease; unmasking IRIS is a new presentation of previously undiagnosed disease.

Figure 1. Clinical spectrum of IRIS in a prospective cohort of 498 patients initiating ART in Durban,
South Africa (unpublished data)
also common, occurring in 28% of reported cases.
On radiological imaging, increased pulmonary
infiltrates, pleural effusions, mediastinal lymphadenopathy, and tracheal compression have been
reported. Other manifestations include ascites,
focal abscesses, hypercalcemia, and central nervous system (CNS) lesions (including tuberculoma). A case definition of both paradoxical and
unmasking TB IRIS has recently been developed
(see Box 2), although this now requires validation
in different practice settings.59
Although MAC IRIS is well described, the
significance of the infection is eclipsed by TB
in resource-limited settings. Clinical presentations of MAC IRIS in patients with advanced
disease tend to be atypical, with focal rather than

disseminated infection. For example, lymphadenopathy was seen in 69% of reported cases (44 of
64), also with pneumonia, pyomyositis, and soft
tissue infections.
Two cases of unmasking TB IRIS from the
authors’ clinical practice are briefly presented
here. The first is a patient with a baseline CD4
lymphocyte count of 79 cells/mm3 and a history
of oral thrush but no other OIs. A chest X-ray just
prior to ART initiation showed no signs of TB.
After about eight weeks of ART associated with a
CD4 count increase to 142 cells/mm3, she developed a mass in the left axilla, which subsequently
started to discharge purulent material (Plate 1).
Ziehl-Neelsen staining of the pus revealed AFB,
typical of TB. The second case was a patient with
Science and Treatment of HIV Infection
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Box 2. Summary of Published Case Definitions for TB IRIS for Use in Resource-Limited Settings59
Paradoxical TB IRIS definition
(A) Antecedent requirements:
n Diagnosis of TB was made before starting ART according to World Health Organization (WHO) criteria
n	Initial response to TB treatment (does not apply to patients starting ART within 2 weeks of starting
TB treatment)
(B) Clinical criteria:
n Onset of TB-associated IRIS should be within 3 months of ART initiation, reinitiation, or regimen change
n Of the following, at least one major or two minor criteria are required:
Major criteria:
− Lymph nodes, cold abscesses, or other focal tissue involvement
− Radiological features of TB
− CNS TB
− Serositis (pleural effusion, ascites, or pericardial effusion)
Minor criteria:
− Constitutional symptoms
− Respiratory symptoms
− Abdominal pain accompanied by peritonitis, hepatomegaly, splenomegaly, or adenopathy
(C) Alternative explanations excluded:
n Failure of TB treatment because of TB drug resistance
n Poor adherence to TB treatment
n Another OI or neoplasm
n Drug toxicity
Note: In resource-limited settings, cases in which there is failure to exclude TB drug resistance and certain OIs and
neoplasms should be regarded as “probable” IRIS, unless resolution of the episode occurs without a change in treatment.

Unmasking TB IRIS definition
ART-associated TB should be defined as follows:
n Patient is not receiving treatment for TB when ART is initiated
n Active TB is diagnosed after initiation of ART
n Diagnosis of TB fulfills WHO criteria
Unmasking TB-associated IRIS (provisional) is suggested by:
n ART-associated TB within 3 months of ART initiation
n One of the following:
	   − Heightened intensity of clinical manifestations
	   − Once established on TB treatment, clinical course is complicated by a paradoxical reaction

a CD4 count of 68 cells/mm3 who was diagnosed
with a bacterial meningitis. Investigations for TB
were negative (Plate 2a), and one month after
recovery, the patient was started on ART. Two
weeks later she developed night sweats, and after
a further two weeks, cough and weight loss. A
chest X-ray revealed right-upper-lobe consolidation (Plate 2b), and sputum was AFB smear
positive.
15 4

Cryptococcal Infection
Cryptococcal disease is the most common fatal
CNS infection in late-stage HIV patients in subSaharan Africa and, after TB, is the most common
serious form of IRIS in resource-limited settings.
Between 8% and 43% of patients with cryptococcal disease who are treated with ART exhibit
a paradoxical deterioration due to IRIS, with
the most common manifestations being aseptic

From the ground up: Establishing a Framework for Success

presence of persistently positive CSF CRAG, and
clinical evidence of recurrent meningitis.
Kaposi’s Sarcoma
Published data on Kaposi’s sarcoma (KS) IRIS are
limited largely to case reports,38,39,64 but recent conference abstracts have highlighted an increasingly
important role for this phenomenon in sub-Saharan
Africa.65-67 Around two-thirds of all patients with KS
prior to ART initiation may develop subsequent paradoxical KS IRIS,67 although rates of unmasking KS
IRIS have yet to be quantified. Risk factors specific
to KS IRIS include higher levels of pre-ART quantitative human herpesvirus 8 (HHV-8) viral load
(VL).65 The clinical spectrum is highly variable in
both characteristics and severity, including swelling,
tenderness, and inflammation of cutaneous and visceral lesions, expansion of pleural effusions, deterioration in parenchymal lung disease, and worsening
lymphedema.38-40,64-67 Fatalities have been described.44
In the authors’ own practice, the rapid and massive
enlargement of both palatal and pulmonary lesions
in one patient led to acute fatal respiratory failure.
Inflammatory Dermatoses
In an observational cohort in Durban, South Africa,
dermatological conditions were the most frequent
manifestations of IRIS, occurring in about 11% of
all patients initiating ART (unpublished data). Of
dermatological IRIS, itchy folliculitis and papular
pruritic eruptions accounted for around 60% of all
IRIS events. The typical appearances of itchy facial
folliculitis (Plates 4a to 4c) affect mainly the face,
trunk, and proximal upper limbs. The histological
entities of eosinophilic, neutrophilic, lymphocytic,
and mixed folliculitis may be clinically indistinguishable,68 and may present either as paradoxical
IRIS, with a rapid worsening in the setting of previously stable or mild disease, or as an unmasking event, presenting for the first time shortly after
initiating ART. The condition is usually itchy, and
Science and Treatment of HIV Infection
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meningitis, increased intracranial pressure (ICP),
development of intracranial cryptococcomas,
and lymphadenitis.20,49,51,60 In the majority of individuals, these symptoms develop despite apparent antifungal treatment success as evidenced
by sterile fungal cultures. Although a detailed
review of 25 reported cryptococcal IRIS cases
found that more than half (56%) presented with
lymphadenitis or sterile abscesses,18 most cryptococcal IRIS reported in the literature manifested
as CNS disease. Pulmonary, ocular, breast, and
soft tissue involvement have also been described
(Plate 3).5,60-62 Since lymphadenitis and soft tissue
swellings may be clinically indistinguishable from
other OIs, such as mycobacterial infection, it is
important to examine and culture material aspirated from the lesions.
We report an illustrative case from clinical
practice.63 A 34-year-old Ugandan woman with
a CD4 count of 9 cells/mm3 was diagnosed with
HIV-1 infection and cryptococcal meningitis, and
received three weeks of amphotericin therapy prior
to ART initiation. Two weeks later, the patient
presented with symptomatic raised ICP characterized by papilledema and a visual field defect.
She experienced a good clinical response, with a
reduction in her cerebrospinal fluid (CSF) cryptococcal antigen (CRAG) titer from 1:640 to 1:20,
and conversion of her CSF fungal culture from
positive to negative, while the CSF protein rose
from 290 mg/L to 535 mg/L and the CSF white cell
count remained unchanged at less than 5 cells/
mm3. However, this case illustrates that although
cryptococcal IRIS of the CNS is often described as
associated with an increased CSF leukocyte count,
protein, and opening pressure, these features are
too inconsistent for use in confirmation of IRIS
and exclusion of the alternative diagnosis of failure of antifungal therapy. In this case, strong evidence in support of a diagnosis of IRIS was the
negative India ink stain and fungal cultures in the

disfiguring hyperpigmentation may result. Other
dermatological manifestations of IRIS include
warts, molluscum contagiosum, papular pruritic
eruption, and tinea.30,47,55
Herpes Simplex and Varicella Zoster Virus
Herpes simplex virus (HSV) and varicella zoster
virus (VZV) infection are common in patients
living with HIV. Although sustained ART-related
improvements in immune function should ultimately reduce the burden of both diseases, patients
frequently present with these clinical events within
the first three months of ART.25,28,29 Such cases may
present as the first manifestation of shingles or
genital herpes in a patient recently started on ART
(unmasking), or as a more florid expression of disease in someone with previous symptomatic disease
(paradoxical). In most resource-limited settings,
there is ubiquitous exposure, with seroprevalence
of VZV and HSV-1 in adults approaching 100%,
making new acquisition of infection after ART initiation unlikely. Plate 5 shows an example of oral
herpes due to HSV-1 infection presenting for the
first time in a 39-year-old adult who had started
ART four months previously. The CD4 count had
risen from 81 cells/mm3 at baseline to 108 cells/
mm3 when the lesions appeared.
Chronic Viral Hepatitis
Distinguishing IRIS from other causes, such as
drug toxicity or reactivation of hepatitis B or C,
can be very challenging. Elevation of transaminases following initiation of ART is common,
affecting up to 18% of patients.69,70 In addition,
associated symptoms, such as fatigue, abdominal
pain, vomiting, and jaundice, are nonspecific.26,27
Features that are more suggestive of IRIS are a lack
of a rise in hepatitis B DNA, and conversion from
e-antibody negative to positive. However, such
tests are unlikely to be available in most resourcelimited clinical settings.
15 6

Risk Factors for IRIS
Despite a lack of universal agreement on risk factors, a general consensus has emerged that patients
with more advanced immunosuppression (i.e., those
with lower CD4 count and higher VL prior to ART)
and those with greater pathogen burden (indicated
by disseminated disease, higher cryptococcal antigen titer, and indirectly by a shorter duration of OI
therapy) are at a greater risk of IRIS.
Four published cohort studies of IRIS in all
patients starting ART have examined potential risk
factors for IRIS. The most consistent finding has
been an association with a lower baseline CD4 cell
count or CD4 percentage at ART initiation,22,30,55,56
with a hazard ratio of 1.39 for each 50 cells/mm3
decrease in baseline CD4 count in one study.56
Two other studies found odds ratios (ORs) for
IRIS in patients with a baseline CD4 count below
100 cells/mm3 of 2.5 (95% confidence interval [CI],
0.9-6.4) and 3.1 (95% CI, 1.2-8.0) when compared
with patients with higher CD4 counts.22,55 This may
reflect the higher burden of viral or other pathogens or the increased susceptibility to immune
dysregulation during immune reconstitution with
more advanced immunodeficiency.
Other immunological risk factors include a
baseline CD4 percentage of less than 10% (OR
3.0; 95% CI, 1.2-7.6) compared with a percentage greater than 15%,55 a baseline CD8 percentage
greater than 65% compared with less than 52% (OR
3.1 on bivariate analysis; 95% CI, 1.2-7.6),55 and
an increase in CD4 count at 12 weeks of less than
69 cells/mm3 compared with greater than 133 cells/
mm3 (OR 2.6; 95% CI, 1.0-6.6).55 A final CD4 count
greater than 400 cells/mm3 was a protective factor
compared with patients with lower counts (OR
0.3 on multivariate analysis; 95% CI, 0.1-0.8). 22
Other factors associated with the development
of IRIS include a reduction in VL at 12 weeks of
less than 2 log10 compared with greater than 3 log10
(OR 0.3; 95% CI, 0.1-0.7),55 younger age (median
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Patients Coinfected with Other OIs
The most important risk factor for IRIS in patients
with an existing OI in five out of nine cohort studies was shorter time between OI diagnosis and
initiation of ART.20,49,50,52,54 In a South African outpatient setting, the relative risk (RR) for IRIS was
69.5 (95% CI, 9.94-485.6) in patients initiating
ART within 30 days and 10.6 (95% CI, 1.88-59.5)
in those starting after 31 to 60 days, compared
with patients delaying ART more than 90 days.52
In patients treated for cryptococcosis, those diagnosed with an OI within one or two months of
starting ART were at higher risk of IRIS than were
patients delaying ART (OR 5.5; 95% CI, 1.0-29.6
and RR 1.7; 95% CI, 1.0-2.3).20,54
Three studies also found an association with
markers of pathogen burden—namely, cryptococcal fungemia at baseline (OR 6.1; 95% CI,
1.1-35.2), 20 higher CSF cryptococcal antigen
titer (1:4096 in patients with IRIS versus 1:1024
in those without IRIS, P=.02),54 and presence of
extrapulmonary TB compared with pulmonary
TB (OR 8.2; 95% CI, 1.8-37.9).53 Other risk factors
include HIV diagnosis revealed by cryptococcosis (OR 4.8; 95% CI, 1.0-21.7),20 ART-naive status (RR 3.87; 95% CI, 1.01-14.88),49 and a more
substantial drop in VL (a 2-log10 decrease in VL
at 90 days gave an RR of 3.66 [95% CI, 1.55-8.64]
compared with a lesser VL response in one study,49
and a -2.4 change in log10 VL in patients with IRIS
compared with a +0.4 change in controls [P=.02]
found in another study).50
The implications for resource-limited settings are significant. As a result of the global
roll-out of ART across sub-Saharan Africa, South
America, and southern Asia, large numbers of

patients with advanced HIV disease and a high
burden of serious OIs are initiating ART. It is
therefore anticipated that IRIS will represent a
significant problem in these settings, as a result
of the increased prevalence of risk factors for
IRIS such as high rates of prior OIs, lower baseline hemoglobin, lower CD4 count and percent,
lower age at commencement of treatment, and
greater pathogen burden.

Clinical Outcomes
The clinical outcomes of IRIS have not been well
documented. The highest rates of morbidity and
mortality are seen in cryptococcal disease. In
one reported series, the mortality rate exceeded
50%,60 although it is unclear to what extent this
reflects suboptimal management of the underlying
cryptococcal infection. TB IRIS is associated with
significant mortality, with reports ranging from
11% of individuals with paradoxical TB IRIS52 to
16%-25% in unmasking TB IRIS.72,73 Deaths from
IRIS are mainly due to the consequences of raised
ICP, widespread pulmonary disease, and lesions
in critical anatomical regions such as the brain,
spinal cord, and trachea. 74-77 Sight-threatening
lesions caused by immune responses against cytomegalovirus (CMV) have also been described.23,24
Dermatological IRIS is common and may have
serious consequences for the patient in terms of
symptoms, disfigurement, and general well-being.
Although IRIS is often self-limiting, it may be prolonged, painful, or disabling and thus warrants
prompt diagnosis and management.
Overall, findings from the ART-LINC (antiretroviral therapy in lower income countries) collaboration across multiple sites in sub-Saharan Africa
indicate that IRIS might be a significant cause
of death during the first few months of ART in
resource-limited settings.78 Mortality was highest
in the first year of ART, and mycobacterial disease
and CNS infections were the main causes of death
Science and Treatment of HIV Infection
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of 33.7 years at baseline in IRIS cases compared
with 35.6 years in controls, P=.021),55 and baseline
hemoglobin (10.95 g/dL in cases compared with
12.30 g/dL in controls).71

Box 3. Published Case Definitions for IRIS
Definition described by French et al4
Must meet both major A and major B criteria, or major A and any two minor criteria.
Major Criteria A
Atypical presentation of opportunistic infections or tumors in patients responding to ART
n Localized disease (e.g., lymph nodes, liver, spleen)
n Exaggerated inflammatory reaction (e.g., severe fever, painful lesions)
n Atypical inflammatory response in affected tissues (e.g., granulomas, suppuration, necrosis, perivascular
lymphocytic inflammatory cell infiltrate)
n Progression of organ dysfunction or enlargement of preexisting lesions after definite clinical
improvement with pathogen-specific therapy before ART and exclusion of treatment
toxicity and new diagnoses
Major Criteria B
Decrease in VL greater than 1 log

n

Minor Criteria
Increased CD4 T-cell count after ART
n Increase in an immune response specific to the relevant pathogen (e.g., delayed-type hypersensitivity
response to mycobacterial antigens)
n Spontaneous resolution of disease without specific antimicrobial therapy or tumor chemotherapy with
continuation of ART
n

Definition cited by Robertson et al71
Must have all of the following:
n New onset or worsening symptoms of an infection or inflammatory condition following the initiation of ART
n Symptoms not explained by a newly acquired infection, the predicted course of a previously diagnosed
infection, or the adverse effects of drug therapy
n Demonstration of a decrease of greater than or equal to 1 log in the number of HIV RNA copies

in a study from Senegal.79 In South Africa, where
M. tuberculosis and cryptococcal infections are
common, IRIS is estimated to account for around
a quarter of deaths and one-fifth of hospital admissions within the first six months of ART.73

Case Definitions
One of the greatest obstacles to research on the epidemiology and pathogenesis of IRIS has been the
lack of a widely accepted case definition or clear
diagnostic criteria for IRIS. This is due to the difficulty of establishing generic criteria for a diverse
range of clinical conditions and both paradoxical
and unmasking IRIS, and limitations in laboratory
facilities to support a diagnosis (e.g., histopathological evidence of an inflammatory response). IRIS
remains a diagnosis of exclusion, after consideration
15 8

of adverse drug reactions, new OIs, anticipated
disease progression, and microbiologic treatment
failure, whether due to drug resistance or malabsorption. Differentiation of IRIS from these other
diagnoses has important management implications,
and is also necessary for assessing the impact of IRIS
on clinical outcome.
Two generic case definitions have been proposed and are summarized in Box 3. The first
definition outlines two major and three minor
criteria for IRIS, with the requirement of the first
major criterion plus either the second major or
at least two minor criteria to fulfill the diagnosis.4 A second definition, proposed by the AIDS
Clinical Trials Group (ACTG), is based on three
criteria, all of which must be met to diagnose IRIS.
The ACTG definition was evaluated in a study in
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Antigens of
opportunistic pathogens
• Active infection
• Subclinical infection
• Nonviable organisms

Disease susceptibility
genes
• Herpesvirus disease
(HLA-A2,-B44,-DR4
IL12B-3’UTR*1)
• Mycobacterial disease
(TNFA-308*1, IL6-174*G)

IRD

CD4 T cells � 50 cells/mm3
• High pathogen load
• Immune dysregulation

IRD = increased risk of disease

Figure 2. Summary of pathogenesis of and risk factors for infectious IRIS4
Reproduced with permission from Lippincott, Williams & Wilkins

which the interobserver agreement in the application of that case definition was 94%.71 Common to
both definitions is the presence of at least a 1-log
drop in the HIV-1 viral load, but the first definition includes a rise in CD4 count as an additional
minor criterion. Both definitions are open to considerable levels of interpretation in clinical practice, and neither has been assessed in resourcelimited settings. A more specific definition for TB
IRIS has recently been developed,59 and others are
planned for cryptococcal- and Kaposi’s sarcoma–
related IRIS. These case definitions need to be vali
dated in a range of clinical settings, particularly
sub-Saharan Africa.

Pathogenesis
While the clinical features of IRIS are well
documented, the immunopathogenesis (see
Figure 2) remains poorly understood. IRIS is
thought to be the consequence of restoration of an
immune response against an opportunistic pathogen that is excessive and results in immunopathology detrimental to the host. As with the clinical
presentation, the pathological and histological
features of IRIS are diverse. The immunopathogenic mechanisms also appear to differ according
to the type of pathogen. IRIS events associated
with infections by intracellular pathogens, such
as mycobacteria and fungi, are characterized by
Science and Treatment of HIV Infection
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Box 4. Differential Diagnoses in Patients Experiencing Clinical Deterioration after Initiating ART
n
n
n
n
n
n
n
n
n
n

IRIS—paradoxical reaction (deterioration of known condition that would otherwise be expected to improve)
IRIS—unmasking (new clinical presentation of undiagnosed but preexisting condition)
Failure of OI treatment because of drug-resistant organism
Failure of OI treatment because of nonadherence to OI treatment or prophylaxis
Failure of ART because of drug resistance
Failure of ART because of nonadherence to ART
Failure of OI treatment or ART for other reasons (e.g., malabsorption)
Newly acquired OI or other condition
Expected course of preexisting OI or other condition
Adverse drug reaction

granuloma formation, hypercalcemia, suppuration, and features of a delayed-type hypersensitivity reaction,4,5,10,80-84 and have been associated
with increased production of interferon gamma
(IFN‑γ)–secreting antigen-specific T cells.85 A
CD8 T-cell response appears to predominate in
IRIS associated with some viral pathogens, such
as herpes zoster, CMV, hepatitis C, or HHV-8.86,87
Common features of some types of IRIS are the
production of proinflammatory cytokines (such
as IFN-γ and interleukin [IL]-6) 88,89 and lower
concentrations of mediators (such as IL-10 and
IL-2)89,90; polymorphisms of cytokine genes91 and
major histocompatibility complex (MHC) haplotypes have been identified as genetic markers of
increased risk of IRIS.92
It has also been proposed that IRIS may result
from an imbalance of pathogen-specific effector
and regulatory cellular immune responses shortly
after initiation of ART.80 In particular, defective
functioning of regulatory T cells (Tregs), the centrally important T cells in the regulation of cellular immune responses, may contribute to the
immunopathogenesis of IRIS. For example, with
TB IRIS, a slow reconstitution of M. tuberculosis–
specific Treg cells as compared to the corresponding T effector cells may lead to the loss of control
of inflammatory CD4 T‑cell responses against
active TB and lead to “paradoxical” TB-IRIS.
However, the processes involved in the induction
16 0

and regulation of Treg cells in relation to IRIS
remain poorly understood. A greater understanding of the immunopathogenesis is essential
if prevention and treatment strategies are to be
improved, particularly in resource-limited settings where rates of IRIS are high.

Differential Diagnosis
and Investigation
of Suspected IRIS
In the absence of a diagnostic test or pathogno
monic clinical features, the diagnosis of IRIS
remains a process of exclusion. There are several
possible explanations other than IRIS for a patient’s
deterioration in clinical status after initiating ART
(Box 4). The main differential diagnoses with possible paradoxical IRIS are suboptimal primary
treatment of an OI (e.g., suboptimal antimicrobial therapy due to inappropriate drug selection
or inadequate dosage, poor adherence, or reduced
bioavailability resulting from malabsorption or
drug interactions), resistance to the primary treatment regimen resulting in ART failure, natural history of underlying OI, newly acquired disease, and
drug toxicity. The specific diagnostic workup will
depend on the patient’s clinical presentation and
the resources available.
Any patient presenting with symptoms suggesting a new OI or an HIV-related condition
after ART initiation should be investigated for
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A temporal relationship with the initiation of
ART is the most consistent feature of IRIS. Of
11 studies reporting the median time between
the start of ART and the onset of IRIS, 9 studies
reported an interval of less than three months.30,47‑49,
51-53,55,56
The two outlying estimates are 20 weeks
and 34 weeks,20,22 the latter being in a cohort of
patients with cryptococcal disease. It may be that
some OIs, such as cryptococcosis, have long latencies before IRIS onset, whereas others, such as TB,
occur much earlier (e.g., after a median of 2 weeks
in two studies).47,52 As a general rule, IRIS should
be considered as a possible diagnosis whenever a
clinical problem presents less than three months
after commencement of ART.

Prevention of IRIS
At present, there are no evidence-based guidelines
to treat or prevent IRIS. Given present knowledge,
some recommendations to prevent IRIS can be
made. A low CD4 count has been identified as a risk
factor for IRIS in a range of clinical settings22,30,55,56;
therefore, initiation of ART at an earlier stage of disease would be associated with a lower rate of IRIS.
This clearly presents challenges in resource-limited
settings, where patients are often diagnosed with
HIV and initiate ART at a late stage of disease.
A short duration of OI therapy at the start of
ART has been identified as a further risk factor for
IRIS in several studies.20,49,50,52,54 Therefore, delaying
ART until at least two months of OI therapy have
been completed would lower the pathogen burden
and reduce the risk of IRIS. However, the potential benefits of delaying ART to prevent IRIS in
patients receiving treatment for an OI need to be
weighed against the risk of developing other OIs
if ART is delayed. A recent trial in patients with
non-TB OIs showed decreased rates of AIDS progression and death in patients initiating ART at
a median of 12 days after initiation of OI therapy
versus 45 days (14% vs. 24%, respectively) with
Science and Treatment of HIV Infection
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treatment failure due to either nonadherence
or drug resistance to both ART and other antimicrobial therapy. ART failure may be defined
using clinical, immunological, or virological criteria and is covered in detail in the chapter entitled “Antiretroviral Treatment Failure,
Drug Resistance, and Management of TherapyExperienced Patients.” Although virological criteria provide the most objective assessment of
treatment failure, VL assays are unavailable in
many clinical settings, and so immunological criteria based on the absolute CD4 count are often
used. However, this may be of limited value in discriminating between treatment failure and IRIS,
as the latter can emerge in the absence of a good
CD4 response.30,55 Overall, a rising CD4 count is
more useful in supporting a diagnosis of IRIS than
a falling CD4 count is in excluding it.
Exclusion of a clinical presentation consistent
with the predicted course of a known OI as a differential diagnosis is problematic because some
OIs (e.g., cryptococcal meningitis, progressive
multifocal leukoencephalopathy [PML]) can deteriorate in patients despite appropriate antimicrobial therapy, as a result of overwhelming infection
or poor immune status. In addition, conditions
such as chronic diarrhea and eosinophilic folliculitis may undergo a relapsing/remitting course
despite ongoing therapy.
The differential diagnosis of unmasking IRIS
mainly includes newly acquired OIs and the
emergence of latent infections due to immunosuppression. When dealing with infections that
are endemic in the population, making that distinction can be challenging, even when sophisticated imaging or histology is available. A detailed
clinical history and examination performed
before starting ART may often identify minor
or moderate symptoms that can be attributed
retrospectively to a subclinical process that was
unmasked by ART.

Table 3. Clinical Management of IRIS
Condition

Clinical approach

Paradoxical IRIS (worsening of
known infection or condition)

n
n

n

Treatment

Patient education
Recognition of possible IRIS
diagnosis
Consider secondary diagnoses

n

n

n

Unmasking IRIS (emergence
of undiagnosed infection or
condition)

n
n
n

Symptom-directed screening
Patient education
Expect atypical presentation

n

n
n

no difference in rates of IRIS.93 In the case of TB,
statistical modeling of available data favors initiation of ART within two months of TB therapy in
settings where the mortality from TB IRIS is less
than 4.6%.94 The models used did not account for
the impact of nonserious and non-TB IRIS. A randomized trial comprising three treatment arms
comparing ART initiation during the intensive
phase, during the continuation phase, and after
completion of ATT recently terminated the third
arm after a Drug Safety Monitoring Board review
found excessive mortality in individuals delaying
ART initiation for a median of 37 weeks after initiation of ATT.95 Current (2008) Infectious Diseases
Society of America (IDSA) guidelines on treatment
of HIV and OIs recommend initiating ART after
two weeks of ATT in individuals with a CD4 count
less than 100 cells/mm3 and after two months in
those with CD4 counts of 100 to 350 cells/mm3.96
A trial in Zimbabwe on immediate versus deferred
ART in patients with cryptococcal disease found a
higher mortality with immediate ART initiation,97
but a larger trial in Uganda is planned to address
this question.

Management
In many cases IRIS is self-limiting and only symptomatic treatment is required. In other cases,
however, IRIS may cause serious deterioration
16 2

Continue ART; may stop if IRIS is
life threatening
Optimize pathogen treatment
and complete course
Consider steroids
Continue ART; may stop if IRIS is
life threatening
Treat new pathogen
Consider steroids

and life-threatening disease requiring temporary
interruptions of ART and use of aggressive antiinflammatory therapy. Because of the wide and
varied clinical spectrum of IRIS, it is impossible
to list all the possible scenarios and management
steps required. Table 3 and Figure 3 provide a
broad summary of the key considerations in the
evaluation and management of IRIS.

Decision to Continue ART
Illnesses occurring early after initiating ART may
have an impact on adherence. It is therefore important that patients are informed in advance about
potential IRIS and advised that this is part of the
process of immune recovery and not a reason to
discontinue ART. ART will usually only need to be
discontinued in exceptional circumstances of serious, life-threatening IRIS events. For patients with
hepatitis, uncertainty may surround the relative
contributions of drug toxicity and IRIS to the condition, because abnormal liver function tests may
result directly from ART toxicity.62,98,99 Furthermore,
patients with mycobacterial infections may present with liver enzyme abnormalities suggestive of
hepatic infiltration caused by either disease progression or IRIS while taking hepatotoxic antimycobacterial drugs.
In cases of cutaneous eruptions, it is usually
possible to distinguish the appearance of typical
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Patient with
other serious OI

Other patients
starting ART

Initiate appropriate TB
therapy and assess for
early drug toxicity
(within 2 weeks)

Optimum OI therapy for
up to 8 weeks

Exclude occult OIs
(within limits of locally
available investigation)

At risk of IRIS if CD4
 100 cells/mm3 or TB
therapy for  1 month;
consider delaying ART,
but balance against risk
of other serious outcome

At risk of IRIS if CD4
 100 cells/mm3 or OI
therapy for  1 month;
consider delaying ART,
but balance against risk
of other serious outcome

If exclusions apply, diagnosis
is paradoxical IRIS: consider
intensification of therapy
and/or immune modulation
if seriously ill

Aim to start early to
prevent decline in
CD4 count
Deterioration in patient’s
condition?
Exclude nonadherence
and drug toxicity

Deterioration in patient’s condition?
If yes, exclude:
• other OI disease,
• nonadherence,
• drug toxicity, and
• failure of OI treatment
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Patient with
known TB

Nonadherence:
counsel and consider switch

Drug toxicity:
discontinue culprit drug

Failure of OI
treatment: intensify therapy

Other OI or disease:
could this be
unmasking IRIS?

Specific treatment unless
mild or self-limiting
Consider immune
modulation if
serious illness

Figure 3. Flowchart for the management of IRIS

central maculopapular drug rash or erythema
multiforme from common cutaneous IRISassociated conditions, such as eosinophilic folliculitis and papular pruritic eruption. The latter
conditions should stabilize or improve with continuation of ART and the introduction of topical
steroids and systemic antihistamines. Other possible drug side effects, such as headache, may be
differentiated from IRIS by careful clinical assessment at the first instance and follow-up, with an
awareness of the potential need for lumbar puncture to exclude IRIS or other serious illness.

Specific Treatment of the OI or
Inflammatory Condition
Antimicrobial therapy will depend on the nature of
the causative pathogen and whether it is a paradoxical or unmasking event. Treatable OIs that may be
unmasked by IRIS include mycobacterial diseases
and fungal and parasitic infections. Although their
presentations may be atypical, the treatments for
these infections should follow standard local management. If IRIS is the most likely diagnosis, and
OI therapy is already optimal, and the associated
clinical manifestations are serious, consideration
Science and Treatment of HIV Infection
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should be given to the use of corticosteroids or
other immunomodulatory therapy (discussed
in the next section). In cases of space-occupying
lesions in the CNS (e.g., cryptococcomas or tuberculomas), raised ICP with a reduced level of consciousness or other neurological deficit, respiratory
failure, lesions close to major airways, or other critical situations, it is wise to intensify antimicrobial
treatment and add an immunosuppressant agent
such as dexamethasone. Cryptococcal meningitis
IRIS should not require intensification of antifungal therapy unless cryptococcal treatment failure
is suggested by persistently positive CSF fungal
cultures or India ink staining. Paradoxical cryptococcal peripheral lymphadenitis may be managed
conservatively unless fluconazole resistance is suspected. Most cases reported in the literature have
been managed by an increase in fluconazole dosage, although no evidence supports the practice.
OIs that result in latent or persistent infections,
such as HSV, human papillomavirus, hepatitis B and
C, and VZV, may present as IRIS. Genital HSV is
often clinically indistinguishable from other ulcerating sexually transmitted infections (STIs), such as
syphilis, chancroid, or lymphogranuloma venereum.
Local antibiotic protocols for STIs should be used to
manage these conditions. Both unmasking and paradoxical IRIS may be self-limiting and thus amenable
to conservative management in less severe cases.
Inflammatory dermatoses, such as papular
pruritic eruption and eosinophilic folliculitis, are
often associated with IRIS. Treatment typically
consists of mild to moderate topical steroids and
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an oral antihistamine. Treatment is usually continued for one to two months until the condition
resolves. If an initial response to therapy does not
occur and the dermatosis is disfiguring or disabling, dermatological advice should be sought.

Role of Immune-Modulating Drugs
Few data are available from randomized controlled
trials on the use of corticosteroids or other immunomodulatory drugs in the treatment of IRIS.
There are, however, several case reports of good
response to different treatments, including nonsteroidal anti-inflammatory drugs (NSAIDs) for
cryptococcal lymphadenitis,61 thalidomide for TB
and cryptococcal IRIS,20,100 montelukast for leukocytoclastic vasculitis and urticaria,101 and infliximab for a paradoxical reaction to CNS TB in an
HIV-negative patient.102 High doses of corticosteroids (prednisone 0.5 to 1.5 mg/kg daily) have
been used in a range of settings.10,18,89 In patients
on ATT, an important pharmacokinetic interaction between rifampin and prednisone requires
an increase in the dose of prednisone. The use of
corticosteroids to suppress an immunopathological response as treatment for mild to moderate TB
IRIS has also been examined in a randomized controlled trial.103 This South African study of 109 subjects found a significant reduction in the number
of hospital days among patients treated with four
weeks of high-dose prednisone compared to placebo (282 vs. 463 days of hospitalization and 29 vs.
38 procedures, respectively) with no overall difference in deaths or adverse drug reactions.
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Box 5. Key Points
Chapter Key Points Summary
n
n
n

n
n

n

n
n
n

n

IRIS occurs in 10%–40% of patients, usually within three months of starting ART.
IRIS may occur in response to a wide range of infections and other diseases.
There are two main scenarios of IRIS: paradoxical deterioration and unmasking of an undiagnosed
condition.
The epidemiology of IRIS in resource-limited settings is not well described.
Risk factors for IRIS include advanced immunosuppression and short duration of treatment for an OI
before initiation of ART.
Alternative diagnoses include treatment failure, new infections, adverse drug effects, and expected
course of a known condition.
ART should be continued in most cases of IRIS.
OI treatment may need to be intensified in some situations.
Corticosteroids or other anti-inflammatory drugs are often used in severe or serious cases of IRIS;
however, the evidence in support of their use is weak.
IRIS may be prevented or anticipated by careful assessment before initiating ART and a good
understanding of the risk factors.
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Immune Reconstitution Inflammatory Syndrome: Color Plates

Plate 1: Mycobacterial lymphadenitis and
abscess presenting as IRIS

Plate 2b. Chest X-ray after four weeks of ART,
after complaints of night sweats, weight loss,
and cough

Plate 3. Soft tissue swelling adjacent to the right
breast that yielded Cryptococcus neoformans on
microscopy and culture
Plate 2a. Chest X-ray prior to ART (patient was
asymptomatic for TB)
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Immune Reconstitution Inflammatory Syndrome: Color Plates (cont.)

Plate 4a.
Plate 5. Immune reconstitution oral herpes
simplex presenting de novo in an adult patient
with an otherwise good response to ART,
four months into therapy

Plate 4b.

Plate 4c.
Plates 4a–c. Eosinophilic folliculitis on the
forehead and chest of three different patients,
arising within the first three months of ART
Science and Treatment of HIV Infection
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Injecting Drug Users and HIV:
Issues in Care and Treatment
Eric P. Goosby and Deborah von Zinkernagel
Pangaea Global AIDS Foundation, United States

I

njection drug use and the related
practices of sharing injection equipment are a
major driver of the HIV epidemic in many parts
of the world. One-third of new HIV infections
outside sub-Saharan Africa are related to injection
drug use. In the explosive epidemics seen in such
regions as Eastern Europe and Central Asia, more
than 80% of HIV cases are related to injection drug
use.1,2 Injection drug use is also emerging as a public
health concern in areas of Africa, particularly Kenya,
Tanzania, South Africa, Nigeria, and Mauritius.3
In 2005, 90% of new HIV cases in Mauritius were
related to injection drug use, up from 7% of cases in
2001.3 HIV prevalence among injection drug users
in Mombasa, Kenya, and South Africa has been
reported as 31% and 28%, respectively.1,3
Sexual transmission from injecting drug users
living with HIV to their sex partners is an important
secondary route of spread, extending to perinatal
transmission of HIV. Injecting drug users are often
the conduit through which the virus moves from
high-risk populations into the general population.
Women who are not participating in any high-risk
behaviors are often infected with an HIV-positive
partner with a remote or recent history of injection
drug use (while in a monogamous relationship).

Injecting drug users who are incarcerated may also
acquire HIV infection through sexual contact in
prison, with subsequent exposure of their spouses,
sexual partners, and children upon release. From a
public health perspective, an important rationale for
treating injecting drug users and keeping them in
care is the role that high-risk behaviors play in the
spread of HIV infection into the general population.
Programs that reach out and engage injecting drug
users and assist them in commencing drug or substitution therapy treatment can help reduce high-risk
behaviors through better access to social services
(housing, food). Such programs can also provide
HIV-related services to this highly vulnerable population, which in turn can have a significant impact
on limiting the growth of the HIV epidemic.
Injection drug use presents many challenges to
the HIV health-care provider. Injecting drug users
are often burdened by issues of adherence, addictive behavior, mental illness (depression more commonly than psychosis), and coinfection with hepatitis B, hepatitis C, and TB, along with recurrent
bacterial infections. Limited availability of effective drug treatment in many resource-limited settings, and restrictive policy environments marked
by harassment and social stigma, contribute to the
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marginalization of injecting drug users and foster
the silent expansion of the HIV epidemic. The complexity of these social, medical, and treatment issues
often makes the injecting drug user difficult to
identify and enter into and retain in care. For these
reasons, targeted strategies are needed that foster
unique alliances between medical treatment services, social services, drug treatment professionals,
law enforcement, and civil society in order to create
and sustain an effective interface with injecting drug
users and address their HIV prevention and treatment needs over the course of disease.
There is abundant evidence that injecting drug
users can be engaged and retained in medical treatment for HIV and that treatment outcomes on
antiretroviral therapy (ART) are often equivalent
to or better than those of non-injection-drug-using
patients.4-10 Integrated approaches that involve
knowledgeable medical providers, peer education
and support, community services, and drug treatment (e.g., concurrent opioid substitution therapy),
as well as various models of directly observed therapy, have all been shown to increase the adherence
and retention of injecting drug users in care.
This chapter will address the issues that affect
access to effective HIV treatment among injecting drug users, followed by a review of the medical
management of HIV-positive injecting drug users,
including the provision of ART. A summary of
prevention strategies and the role of the medical
provider in developing continua of prevention and
treatment is also provided.

Access to HIV Treatment
Suboptimal access to effective ART and opportunistic infection prophylaxis by HIV-positive injecting
drug users has been documented in numerous studies.2,11,12 Among the factors contributing to this lack
of access are the negative attitudes of some medical
providers toward injecting drug users and perceptions that they are unable to adhere to medication
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regimens. In a recent national survey of HIV-positive
patients and their physicians (in the United States),
23% of patients were receiving care from physicians
who harbored negative attitudes toward injecting
drug users, reflected by their agreement with statements such as “treating injecting drug users seems
futile” and “when given a choice, I would not treat
injecting drug users with HIV infection.”13 Medical
providers may hold the beliefs, commonly found in
society at large, that drug users have brought their
illness upon themselves, that drug users don’t care
about their health, and that the injecting drug user
is essentially a different type of person from the rest
of the population. Allowing generalized thinking or
biases toward a group to influence therapeutic decision making for an individual is fraught with ethical
problems.
These personal biases are often compounded by
a lack of professional training in substance abuse
disorders, which can lead to misunderstanding and
frustration on the part of physicians when dealing
with the physiological and psychological aspects
typical of chronic addiction. Many physicians fail
to understand the chronic and relapsing nature of
substance abuse and lack appreciation of substance
abuse as a biological and medical disease that is
compounded by a high rate of coexisting mental
illness. Drug treatment strategies and the nature
of addiction are generally not part of traditional
medical training, and a climate of mutual distrust
between providers and patients is common. For
instance, patients may feel they are being intentionally mistreated or punished for their addiction by
their provider. That perception must be modified by
providing appropriate training to increase provider
competence and confidence in working with injecting drug users, aided by a thorough understanding
of the natural history of addiction that helps them to
form realistic expectations for these patients.
It is imperative that health professionals realize the role an overtly judgmental attitude plays in
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Box 1. Principles to Enhance Patient-Provider Interaction
Providers should discuss the following key points with their patients regarding HIV and addiction:
n Physical/psychological effects of continued drug use
n Impact of drug use on the spread of HIV
n Benefits to the patient from both drug treatment and HIV treatment
n Impact of drug use on adherence
To foster a climate of mutual respect, the patient and provider should do the following:
n Agree on the respective roles of the patient and provider
n Set appropriate limits and, if needed, establish a patient-provider contract (e.g., “patient agrees to
be truthful about concomitant drug use”)

preventing injecting drug users from being engaged
and retained in care.13,14 It is not the role of the provider to judge someone’s behavior, as civil society
assumes this function. The attitude of medical providers related to drug abuse is critical to the development of a trusting relationship with their patients
(see Box 1). Clinicians who openly diminish the
needs, complaints, or requests of patients with
addiction are frequently excluded from decisions
that influence a patient’s ability to maintain adherence to or enter into long-term care. The injecting
drug user must feel embraced and respected in the
treatment setting, and it is the responsibility of the
provider to make sure that occurs.
The ability of injecting drug users to access prevention services and medical treatment for HIV is
also frequently limited by other structural factors,
such as discrimination, poverty, and criminalization
of drug-related behavior. When given equal access
to care, injecting drug users are less likely to have
undetectable viral loads15,16; however, when adherence factors are adjusted for, injecting drug users
and non–drug users who achieve viral suppression
have similar rates of viral load suppression and
rebound, suggesting that other barriers exist to successful treatment that must be taken into account
when planning services. The presence of comorbidities such as mental illness and polysubstance use
(including alcohol abuse) can affect housing stability, food security, and personal safety, resulting
in immediate needs that may overshadow health-

seeking behaviors or engagement in care.6,7 However,
the data are clear that injecting drug users can effectively follow ART regimens and remain in care and
treatment, with the same or better outcomes than
people without a history of injection drug use.4-10
Active drug use itself does not decrease the effectiveness of ART. Rather, among active users, the success
or failure of treatment correlates to the degree to
which active drug use results in disruption of the
patient’s daily activities. Injecting drug users in supportive treatment environments have been shown
to have comparable adherence rates, drops in viral
load, and increases in CD4 lymphocyte counts as
non-injecting drug users.6,7,9,10,17 When injecting drug
users are successful in achieving durable undetectable viral loads, they experience the same positive
clinical outcomes as non-injecting drug users.18
It is important to note that providers should not
withhold ART or require ongoing treatment for
substance abuse as a prerequisite for starting ART.
When additional comorbidities, such as alcohol
abuse and/or psychiatric illness, are present, special
strategies need to be developed to identify, enter,
and retain the patient in a continuum of medical
care. That continuum can facilitate access to medical treatment, psychiatric care, social services, and
harm-reduction strategies throughout the course
of the patient’s illness.
Different models exist for delivery of primary
care to HIV-positive injecting drug users. Medical
care combined with psychiatric services, social
Science and Treatment of HIV Infection
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services, and harm-reduction interventions are the
core services needed, along with case management.
Patients are often followed up with at a primary care
clinic by case managers and/or counselors. Primary
medical care can be provided on-site at drug treatment programs, or a substance abuse treatment
component can be brought into an HIV primary
care clinic. Integration of HIV treatment within
opioid substitution therapy programs (i.e., methadone, buprenorphine) has also been implemented
in some settings. Other approaches, such as directly
administered antiretroviral therapy and modified
directly observed therapy (MDOT) (i.e., three to five
days of directly observed therapy [DOT], then selfadministered two to three days per week), have been
used to increase adherence and successful treatment
outcomes among injecting drug users and others
with substance abuse issues.7-10,14,19,20 However, both
DOT and MDOT should be reserved for those who
are not optimally adherent to ART, as such strategies are generally not needed for all injecting drug
users. The role of peer educators and/or community
support should be emphasized as well; HIV-positive
injecting drug users on ART can be very effective
in helping other patients live with their disease and
manage their medications effectively.

Medical Management
of HIV Infection in
Injecting Drug Users
Natural History of HIV Infection
Most epidemiological data have found no difference
in HIV progression between injecting drug users
and non-injecting drug users in the pre-ART era. A
study of 639 women over a seven-year period identified no difference in progression to AIDS between
women who had past, current, or no history of injection drug use.21 Some in vitro and laboratory-based
studies suggest that cocaine, methamphetamine, and
heroin promote HIV replication, but the relevance
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of this to clinical outcomes has not been demonstrated. Two studies of a large urban cohort postART found that self-reported heroin and cocaine use
were temporally associated with the development of
new AIDS-defining conditions.22 The observation of
more rapid HIV disease progression among injecting drug users relative to other risk groups may be
related to the higher prevalence of comorbidities
such as hepatitis B and C, late initiation of ART, or
poor adherence. Early case identification combined
with harm-reduction measures, drug treatment,
and treatment of coinfections holds the potential to
change this trajectory.
A prevention opportunity exists in the active
using population of injecting drug users. A needle
exchange strategy for HIV-negative active injecting drug users can reduce HIV transmission as
well as transmission of hepatitis C virus (HCV)
and hepatitis B virus (HBV). In addition, targeting HIV-negative active injecting drug users for
early detection of primary infection provides an
opportunity to prevent transmission before newly
infected individuals seroconvert.

Approach to the Patient
Substance abuse often goes unrecognized by clinicians unless a careful history is taken along with a
physical exam. The presence of a substance abuse
diagnosis may reveal multiple comorbidities that
bear on both diagnostic and care decisions.5,6,17,23
Medical systems are prejudicial toward the active
injecting drug user, and the social and legal implications of a diagnosis of active substance abuse for
the patient must be acknowledged. It is important
to take the time to understand the unique characteristics of the injecting community and the social
system of the injecting drug user, both to better
inform medical care and to take advantage of the
opportunity to promote prevention measures that
can reduce health risks for sexual and injectionequipment-sharing partners.
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Compassionate Care for Injecting Drug Users
Timothy P. Flanigan and Josiah Rich
Miriam Hospital, Warren Alpert Medical School at Brown University, United States

P

roviding HIV care for active
injecting drug users presents unique
and sometimes overwhelming challenges. Many of the HIV epidemics in Russia,
Ukraine, Vietnam, and some communities in
Thailand have been driven by injection drug
use. Providing HIV care is made all the more
difficult by the stigmatization and criminalization of substance use in these settings. In
many parts of the world, active substance use
is not seen within the context of a medical
condition, but rather within the context of
criminal behavior that warrants punishment.
This unfortunate reality makes providing
HIV care to substance users all the more difficult and, paradoxically, can also make providing effective treatment for substance abuse
more difficult.
First and foremost, individuals engaging in substance use need to be enrolled in
a care program that emphasizes trust and
builds a relationship with the patient based
on compassionate care. This will lead to an
open exchange of information in which the
care provider can address the multiple ongoing issues facing substance users, including
the need for substance abuse treatment, safer
injection practices, and violence avoidance,
as well as medical treatment for TB, bacterial
infections, and HIV/AIDS. Care providers
can begin to address the complex social challenges facing injecting drug users only after
they have established trust and rapport with
their patients.

Most injecting drug users who enter into
care will be symptomatic with bacterial skin
infections, pneumonia, active TB, or opportunistic infections. The priority is to treat the
opportunistic infections and then to begin ART
as soon as possible. TB may be the most common opportunistic infection in HIV-positive
injecting drug users. The presence of TB infection will require diagnostic studies and initiation of anti-TB therapy that utilizes four drugs
for patients with active disease.
Injecting drug users presenting with bacterial infections, TB, skin infections, or frank
opportunistic infections should routinely
be offered HIV testing. HIV testing should
be offered frequently and routinely both for
symptomatic and asymptomatic injecting drug
users. Each HIV test represents an opportunity
to reinforce risk-reduction messages as well
as to inform both the individual patient and,
through the patient, the substance-using community that effective treatment for HIV infection is available.
Although the challenges of providing HIV
care for substance users are formidable, the
rewards can be great. Many people with active
substance use have never been treated with
care, compassion, and respect. The provision of compassionate HIV care can serve as
an impetus for such people to enter substance
abuse treatment and turn around their lives. In
this way, HIV treatment can be a transforming event that is highly rewarding for both the
patient and care provider.
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Empathy and a nonjudgmental approach are
critical in obtaining a comprehensive and accurate history of substance abuse, including alcohol, illicit/recreational drugs, and prescription
opiates and benzodiazepines. Understanding that
addiction may involve multiple substances can
make taking a history more complex. Medical
schools often do not emphasize the complex
medical and psychosocial aspects of treating the
active injecting drug user who is HIV infected.
The use of stimulants (i.e., sympathomimetics)
and alcohol are associated with increased sexual
activity, which can place the injecting drug user
at an even greater risk of acquisition and transmission of HIV.

History Taking and Physical Examination
The key points to look for when taking the history
of an injecting drug user are summarized in Box 2.
Common findings to look for during the physical examination that will provide information
about recent substance use, withdrawal status, and
intoxication are provided in Box 3. Complications
related to end organ damage to the heart, kidney,
liver, and lungs may also be identified.
There are a number of physical findings seen in
HIV-positive injecting drug users that can be due
to HIV infection, HIV-related opportunistic infection, or substance abuse (see Table 1). Since the
etiology of these findings can be difficult to differentiate, a careful history and physical examination,
as well as clinical monitoring, may be required to
arrive at an accurate determination of the cause.

Bacterial Infection of the Skin
and Heart Valves
Bacterial infections, including pneumonia, endocarditis, and sepsis, are common among both HIVpositive and HIV-negative injecting drug users.
Pneumonia is four times more common in HIVpositive injecting drug users than in those who are
18 0

HIV-negative, with Pneumococcus and Haemophilis
influenza being the most common pathogens.
There is an increased incidence of Gram-negative
pneumonia among active injecting drug users,
especially with concomitant alcohol use. Due to
the potential for an altered mental status causing
somnolence, opiate-addicted patients have a higher
incidence of aspiration pneumonia with mixed
aerobic and anaerobic infections. It is important
to remember that the majority of patients respond
well to appropriate antibiotic treatment guided by
culture and sensitivity tests.
Generalized lymphadenopathy was a common
clinical manifestation of HIV disease in the preART era, and swelling of four or more lymph node
groups is still a common clinical presentation of
AIDS. Injecting drug users often have swollen
lymph nodes as a result of chronic and recurrent
antigenic stimulation of the regional lymph nodes
(i.e., epitrochlear and axillary) that drain the most
frequently used injection sites. Bacterial infection
(lymphadenitis and subcutaneous abscess) must be
ruled out in such cases.
During physical examination, the common manifestations of acute and subacute bacterial endocarditis should be looked for. Those include both
immunological (e.g., Janeway lesions on the fingers
or toes, Roth’s spots) and embolic phenomena (e.g.,
Osler’s nodes, splinters in the nail bed, hematuria,
amaurosis fugax, etc.). Signs of hypotension, vasodilatation, and diminished renal output may be reflective of congestive heart failure due to a variety of
causes (e.g., valvular heart disease).

HIV and TB Coinfection
The association of HIV and TB in the injecting
drug user population has been well established
worldwide.24,25 Before the emergence of the HIV
epidemic, injection drug use was recognized as an
independent risk factor for TB; low socioeconomic
status, homelessness, poor nutrition, overcrowding,
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Box 2. History Taking for Injecting Drug Users
Drug Use Patterns
n Screen for and/or identify multiple substances
n Route of administration over time (e.g., intravenous, subcutaneous, inhaled, intranasal, oral,
sublingual, anal, etc.)
n Pattern of use (e.g., amount, frequency, most recent use, injection practices, sharing of needles
or injection equipment)
Treatment History (Inpatient and Outpatient)
Drug treatment history
n Pharmacologic treatment history, including opioid substitution therapies
n

Medical Complications of Substance Abuse
Needle-induced: bacterial, viral, or fungal infections; peripheral vascular disease
n Drug-induced: overdose, withdrawal, organ-specific complications (e.g., nephropathy due to heroin; cardiac
ischemia due to cocaine; gastrointestinal, cardiac, and neurologic disease due to alcohol)
n Other: hepatitis C, hepatitis B, sexually transmitted diseases (may be related to exchanging sex for drugs)
n

Social Complications of Substance Abuse
Unemployment
n Family disruption
n Legal problems
n Homelessness
n

Source: O’Connor et al.17

poor environmental conditions, and lack of access
to primary health care have been associated with
both drug use and TB.26,27 Presently, the factors that
fuel both TB and HIV infection among injecting
drug users are further amplified in correctional
settings, where significant numbers of inmates are
incarcerated for drug-related offenses.4
HIV-positive injecting drug users are at a much
higher risk for TB infection, and for progression
from latent infection to active TB, compared with
HIV-negative injecting drug users and the general population.28 Although TB is predominately
a pulmonary infection, up to 40% of HIV-positive
patients may develop extrapulmonary disease.28
A full discussion of the diagnosis and treatment
of HIV-TB coinfection is provided elsewhere in
this volume. Adherence to TB medications for the
full course of therapy is the most important factor
in determining treatment outcomes, with excellent results expected within six to nine months

of continuous anti-TB therapy. As with ART, the
approach to TB treatment should be informed
by the patient-provider partnership and tailored
to the circumstances of the individual patient. In
some cases, variations on the DOT model may be
needed for patients having difficulty with adherence. It is generally recommended that treatment
of active TB be continued for two months before
initiation of ART, to avoid precipitating immune
reconstitution inflammatory syndrome.23
Drug interactions associated with HIV-TB
cotreatment include the potential interaction of
rifamycin-based medications with both protease
inhibitors (PIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs). These interactions
can result in subtherapeutic serum drug levels of
various antiretroviral drugs (ARVs) (e.g., nevirapine, PIs, maraviric, raltegravir). Further information on potential drug interactions can be found
elsewhere in this volume.
Science and Treatment of HIV Infection
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Box 3. Signs of Substance Abuse on Physical Exam
Signs of Intoxication
n Opioids: lethargy, pinpoint pupils, respiratory depression
n Cocaine, methamphetamine: hypertension, tachycardia, agitation
n Alcohol, benzodiazepines: stimulation, sedation
Signs of Substance Withdrawal
Opioids: tachycardia, hypertension, lacrimation, piloerection, abdominal cramps
n Cocaine: depressed mood
n Alcohol, benzodiazepines: diaphoresis, tachycardia, anxiety, withdrawal that progresses to delirium tremens
n

Substance by Physical Signs
Hypertension: alcohol, cocaine, methamphetamine
n Resting tachycardia: marijuana, alcohol, cocaine, methamphetamine
n Tremors: alcohol withdrawal, stimulants
n Alcohol on breath
n Dilated pupils: stimulants or sedative withdrawal
n Small pupils: opioid use
n Needle (“track”) marks: use of any injectable drug
n Bruises: related to alcohol use and falls resulting from intoxication
n Hepatomegaly: alcohol
n Weight loss: cocaine, methamphetamine
n Gum disease: methamphetamine
n

Source: Adapted from O’Connor et al.17

HIV and Hepatitis Coinfection
Injecting drug users are at high risk for all forms
of infectious hepatitis and alcoholic hepatitis.
HCV/HBV and HIV are all most efficiently spread
through direct exposure to contaminated blood,
which may remain on used needles or injection
equipment. Incidence of HIV and HCV coinfection varies depending on individual risk behaviors, but prevalence rates of 70% to 80% have been
reported among injecting drug users.29,30 Liver disease due to chronic HBV and HCV infection is
becoming a leading cause of death among HIVpositive individuals worldwide, highlighting the
need to pursue prevention strategies, including
the supplying of single-use or sterilized injection
equipment and, for those with a CD4 lymphocyte
count of greater than 200 cells/mm3 (i.e., those able
to mount a protective immune response), provision of hepatitis B vaccine.31
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The choice of ARV regimens should be informed
by the HBV and HCV status of HIV-positive
injecting drug user patients. For patients ready to
start ART, the antiviral effect of lamivudine and
tenofovir is beneficial due to the anti-HBV activity of these drugs. Providers should be aware that
the discontinuation or switching of these drugs
can trigger a reactivation or flare of acute HBV.
Underlying hepatic disease in injecting drug users
also complicates the diagnosis of liver function
abnormalities that can result from toxicity to ART
regimens and other commonly used medicines in
HIV care (e.g., trimethoprim-sulfamethoxazole,
rifampin, pentamidine, dapsone, isoniazid, pyrazinamide, etc.). Chronic HCV infection is associated with an increased risk of drug-induced hepatotoxicity, requiring closer monitoring of serum
transaminases and patient symptoms until patients
are stable on a specific ART regimen.
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Constitutional
Symptoms
Anorexia, weight
loss, fever, night
sweats, diarrhea

HIV-Related Causes
n
n
n
n

n

Pulmonary
Dyspnea, chest
pain, cough

n
n
n
n
n
n
n

Neurologic
Altered mental
status, psychosis,
seizures,
focal deficits,
peripheral
neuropathy

n
n
n
n
n
n
n
n
n

Dermatologic
Pruritus, rash,
purpura, vesicles

n
n
n
n
n
n
n
n

Substance-Abuse-Related Causes

Primary HIV infection
Mycobacterium avium intracellularae (MAI)
Tuberculosis
Cytomegalovirus (CMV) (gastrointestinal or
pulmonary)
Early bacterial process

n

Bacterial pneumonia
Pneumocystis pneumonia
Tuberculosis
Kaposi’s sarcoma
MAI
CMV of the lung
Lymphoma

n

HIV infection
Cryptococcosis
Toxoplasmosis
CMV
Tuberculosis
Progressive multifocal leukoencephalopathy
Kaposi’s sarcoma
Lymphoma
Human T-cell lymphotropic virus type 1

n

HIV-related dermatitis
Psoriatic changes
HIV-related thrombocytopenia
Medication allergy, toxicity
Herpes simplex
Herpes zoster
Molluscum contagiosum
Cat scratch (toxoplasmosis)

n

n
n
n

n
n
n
n

n

n

n
n

n
n
n

n
n

Cocaine use
Acute bacterial endocarditis
Subacute bacterial endocarditis
Opiate withdrawal

Cocaine use
Tobacco use
Aspiration pneumonia
Multiple pulmonary emboli
Right-sided subacute bacterial
endocarditis
Intoxication or withdrawal from
opiates, cocaine, alcohol, or
benzodiazepines
Drug-related chronic
encephalopathy
Pyogenic central nervous system
infections
Trauma
Alcoholic polyneuropathy
Drug-related pruritus
Cellulitis
Abscess (sterile/bacterial)
Alcohol- or heroin-induced
thrombocytopenia
Lymphedema
Chronic hepatitis

Source: Adapted from O’Connor et al.18

Hepatitis C Coinfection
The natural history of HCV infection is accelerated
in patients living with HIV, with an increased rate
of progression to cirrhosis, end-stage liver disease,
hepatocellular carcinoma, and death.31 Combination
ART that results in restored immune function has
been shown to decrease the rate of death due to
HCV liver disease.32 However, the effects of HCV

infection on the rate of HIV disease progression are
less clear cut, with conflicting study findings.31,33 The
standard of care for HCV-HIV coinfected patients is
pegylated interferon alfa plus ribavirin. All patients
should be counseled to eliminate alcohol intake and
acetaminophen use, and the emphasis should be on
selecting an ART regimen with a lower hepatotoxicity profile and ramping up support for adherence.
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Table 1. Possible Causes of Common Symptoms in HIV-Positive Injecting Drug Users

Hepatitis B Coinfection
HBV infection in HIV-positive persons increases
the risk of cirrhosis, end-stage liver disease, and
death, particularly in patients with a low CD4 lymphocyte count or alcohol use. Injecting drug users
may contract HBV through blood-borne exposure
from injection practices, or through sexual transmission. The prevalence of HBV-HIV coinfection
is lower than that of HCV-HIV coinfection in the
United States (5% to 10%) and Asia (20% to 30%),
but may be higher within smaller communities of
injecting drug users.30,31 Chronic HBV infection
develops in 20% of HIV-positive adults following
HBV exposure.31 HIV-positive patients should be
vaccinated against both HBV and hepatitis A, due
to the increased severity of hepatitis in patients
with preexisting liver disease. For all nonvaccinated
injecting drug users, vaccination is a critical primary
care intervention before immune damage becomes
severe. A more detailed discussion of HBV-HIV
coinfection is provided elsewhere in this volume.

Sexually Transmitted Infections
Sexually transmitted infections (STIs) have long
been associated with substance abuse, both due to
the frequent exchange of sex for money and the
sexual disinhibition that results from sympathomimetics (e.g., cocaine) and alcohol alone or in combination. Cocaine, crack, and alcohol use have been
linked to an increased risk of syphilis and other
ulcerative genital infections.34,35 Medical providers
should remain alert to the risk of STIs in patients
who may be engaging in transactional sex for drugs.
There is also a high risk of cervical dysplasia and
cancer associated with human papillomavirus. High
false-positive rates of rapid plasma reagin in injecting
drug users favor the use of the fluorescent treponemal antibody-absorption test to screen for syphilis
in this population. HIV-positive injecting drug users
with genital herpes may require longer therapy and
suppressive dosing for symptom recurrence; fungal
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infections also require longer initial therapy, with
continued suppression often needed due to the frequent recurrence of symptoms.

Cancer
There are reports that injecting drug users experience a more aggressive clinical course for cancer
compared with non-injecting drug users at the same
stage of disease. Cancer of the lung is seen in injecting drug users as young as 30 to 40 years of age and
is particularly aggressive.36,37 Lack of recognition of
Kaposi’s sarcoma by physicians who are not primed
to recognize this condition may explain the low
reported incidence of Kaposi’s sarcoma in injecting drug users; for instance, multiple skin lesions
resulting from injection practices can complicate the
detection of developing Kaposi’s sarcoma. At present, there are no data on the prevalence or outcomes
of lymphoma in injecting drug users.

Psychiatric Illness and
Cognitive Dysfunction
In developed countries, there is a significant coexistence of psychiatric disorders among HIV-positive
injecting drug users, with disorders in this group
occurring at a rate roughly 6% higher than in the
general population. Among those with active addictions to opioids, the lifetime rate of major depression is greater than 53%, compared with greater
than 40% among cocaine users, and greater than
35% among heavy alcohol users. Other affective
disorders include antisocial personality disorders
and anxiety. Providers working with injecting drug
users must actively screen for suicidal tendencies
among their patients, as well as be ready to intervene with multidisciplinary treatment plans when
paranoia and psychosis are identified. These disorders can be difficult to differentiate from organic
syndromes directly related to HIV infection or
chronic secondary infections and malignancies.
A higher index of suspicion should be maintained
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ART
Combination ART is a lifesaving intervention that
can provide years of healthy life and hope to HIVinfected individuals. Yet the potential development
of drug-resistant HIV due to poor adherence has
frequently been cited as a rationale for excluding
injecting drug users from HIV treatment. The ability of clinicians to accurately predict which individuals will be successful in adhering to ART is low,
although heavy alcohol consumption, cocaine use,
severe mental illness, and ongoing drug injection
have been associated with poor adherence.5 There
is ample evidence that injecting drug users can be
successful in adhering to ART regimens and can
achieve durable viral suppression under 400 copies/mL. For these reasons, the focus of medical
delivery systems should be on identifying and surrounding the HIV-positive injecting drug user with
an appropriate mix of interventions and services to
maximize the benefits of treatment.19,20
The clinical and immunological criteria for initiating ART in substance-dependent patients do
not differ from treatment guidelines for the general population.23,38 An observational study looking
at mortality in drug users by time of initiation of
ART among injecting drug users and non-injecting
drug users found a hazard ratio (HR) of 1.01 among
injecting drug users initiating therapy at CD4 counts
greater than 350 cells/mm3, compared with those
initiating treatment at CD4 counts of between
200 and 350 cells/mm3 (HR: 2.09) or at less than
200 cells/mm3 (HR: 3.70).23,38 The benefits of identifying and entering injecting drug users into ART

are consistent with the revised U.S. Department
of Health and Human Services ARV guidelines,
which recommend maximizing the preservation of
immune function in HIV-positive individuals.23
Considerations guiding the selection of ARV
regimens for injecting drug users include (1) presence of HBV and/or HCV coinfection; (2) sideeffect profiles; (3) preexisting psychiatric illness
(if efavirenz is being considered); (4) drug interactions, including ARV-methadone interactions;
and (5) complexity of the regimen in terms of
pill burden and dosing frequency. The benefit of
lamivudine and tenofovir for patients with HBVHIV coinfection has been previously discussed.
Switching an HBV-positive patient off a regimen
containing lamivudine or tenofovir can trigger a
moderate to severe reactivation of HBV disease
due to a rebound of HBV viral loads.
Due to the higher incidence of hepatic, renal,
gastrointestinal, and hematologic diseases in injecting drug users, they are more likely to experience
ARV-related side effects and toxicities. Baseline
assessment of HBV and HCV status is required,
along with serum transaminases at baseline and at
frequent intervals during the first three months of
therapy in HBV-positive or HCV-positive patients.
Although nevirapine can be used safely in these
patients with close monitoring, less hepatotoxic
agents may be preferred where available. Use of
nevirapine should, however, be avoided in women
with baseline CD4 counts greater than 250 cells/
mm3 and in men with baseline CD4 counts greater
than 450 cells/mm3. Impaired renal function in
patients with a history of glomerulonephritis
would indicate caution in the use of tenofovir or
indinavir.23 A common side effect when starting
efavirenz is vivid nightmares for the first month of
treatment, along with less frequently reported dizziness, hallucinations, and mood changes.23 More
severe mental illness, including rapid development
of psychosis, has rarely been reported. Clinicians
Science and Treatment of HIV Infection
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for nonpsychiatric etiologies when bizarre behaviors or focal neurological signs are detected among
individuals with profound immunosuppression. A
nonjudgmental, empathetic approach by the medical care provider remains the key to a productive
relationship over time in working with injecting
drug users manifesting mental illness.

should exercise caution when considering the use
of efavirenz in persons with any history of mental illness, and patients need to be educated about
possible symptoms and instructed to report them
to their providers if they should develop.
Special attention should be given to the effect
of methadone on ARVs, and vice versa. Among
the nucleoside reverse transcriptase inhibitors
(NRTIs), none have a clinically significant effect
on methadone metabolism. Conversely, methadone has been shown to increase the area under
the curve (AUC) of zidovudine by 43%, and providers should be alert to potential zidovudine toxicities (e.g., bone marrow suppression).23 A 27%
decrease in stavudine blood levels is reported with
methadone but no dose adjustments are needed.23
There are no clinically significant interactions of
methadone with abacavir or tenofovir.
The NNRTIs are potent inducers of the
p450 cytochrome system, which decreases methadone blood levels. Nevirapine has been reported to
reduce methadone AUC by 46% and efavirenz has
been reported to reduce methadone AUC by 50%60%,23,39 commonly inducing opiate withdrawal
symptoms within seven days of treatment initiation. Delavirdine inhibits the p450 cytochrome
system and increases methadone AUC by 19%,39
but this rarely requires a dose adjustment.
Efavirenz and nevirapine decrease methadone
levels by 43% and 46%, respectively, and often
induce opiate withdrawal symptoms within seven
days of treatment initiation.40,41 Such occurrences
should be dealt with by increasing the methadone
dose by 5 to 10 mg/day or until the patient no longer experiences withdrawal symptoms.6,10,17,23,42-44
Delavirdine inhibits the p450 cytochrome system
and increases methadone levels, but this interaction rarely requires a dose adjustment.41
PIs are generally not affected by methadone,
with the exception of amprenavir. Amprenavir is
reduced by 30% when taken with methadone, but
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the dose rarely needs to be increased.39 Nelfinavir,
lopinavir/ritonavir, saquinavir, ritonavir, and
amprenavir all reduce methadone AUC, but a clinically significant need for dose adjustments has not
been shown.23,39 Buprenorphine is also widely used
in drug substitution therapies for opiate addiction.
It has not been shown to have any interactions
with ARVs, or vice versa.45-47
A summary of the data on methadone-ART
interactions for ARVs is provided in Table 2. The
AUC measures the blood level of a drug over a
period of time.
The complexity of ART regimens in terms of pill
burden and frequency of dosing is inversely related
to successful adherence. The increased availability
of effective fixed-dose combinations may offer significant benefits to injecting drug users in terms of
simplifying the process of taking ARVs.
In addition to those routinely discussed, it is
important to mention some additional barriers to
adherence for injecting drug users. For active injecting drug users, addiction is a competing priority
that overshadows their daily activities and motivations. The ability to develop routines or follow a
time schedule for medications linked with a regular activity may be difficult, particularly for people
without stable housing. Arrest or incarceration may
also interrupt treatment. Yet one of the greatest
barriers to successful treatment in this population
is mistrust between the medical provider and the
drug user, limiting the ability to discuss the patient’s
injection drug use, the realities of his or her life and
competing priorities, and potential strategies that
can improve adherence. One of the most powerful
factors supporting a patient’s adherence to ARV
regimens is the health provider’s attitude toward the
patient. When patients believe that a medical professional is truly working in their best interests and
mutual respect exists between patient and health
professional, it serves as a strong motivation for
patients to follow recommended treatment.
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The explosion of HIV/AIDS within populations
engaging in injection drug use requires immediate action. A two-pronged approach is needed that
both reduces the burden of drug addiction through
prevention and drug treatment and reduces the
health consequences of ongoing drug use for injecting drug users, their partners, and needle-sharing
networks. The current situation is critical: the Joint
United Nations Program on HIV/AIDS (UNAIDS)
estimates that only 8% of injecting drug users
worldwide have access to HIV prevention services,
although 80% coverage is required to effectively
slow the epidemic.1
The sharing of contaminated injection equipment has become the primary mode of HIV transmission in many countries throughout Eastern
Europe, the Commonwealth of Independent
States (made up of 11 former Soviet republics),
and significant regions in Asia.1 Needle and
syringe exchange (NSE) programs have had documented effectiveness in reducing the sharing of
used needles and syringes, as well as in reducing
unsafe injection and disposal practices; NSE programs have also been associated with decreased
frequency in injection practices.48 NSE programs
typically include other prevention interventions
such as counseling, education, condom distribution, and referrals to drug treatment and health
care. For individuals who are actively injecting
drugs, information coupled with the availability
of sterile equipment can be a lifeline to reduce
the risks of blood-borne transmission of HIV and
hepatitis. Active users should also be educated
about sterile injection techniques and the early
recognition and care of abscesses. In recent years,
naloxone has been introduced for use as a lifesaving intervention in the setting of a witnessed
overdose. The use of predrawn syringes filled with
naloxone, along with accompanying education,
has been considered in some cities in the United

States to reduce the number of deaths resulting
from drug overdoses. Medical providers should
become familiar with the availability of these
risk-reduction services for their patients who are
active drug users, regardless of HIV status.
There is strong and consistent evidence that
opioid substitution treatment is effective in reducing use of opioids and increasing the retention
of opioid-dependent individuals in drug abuse
treatment and medical services.48 Methadone
maintenance treatment reduces drug-related HIV
risk behavior, including frequency of injections
and sharing of equipment. Several studies have
also shown a reduction in sex-related HIV risks
among participants in methadone maintenance,
but that effect has not been observed in all programs.48 There is an urgent need to increase the
availability of methadone and/or buprenorphine
substitution treatment wherever there is ongoing
injection drug use, and to encourage patients to
accept this approach to relieving the health and
social burdens of their addiction. A recent study in
24 developing countries found that out of 9.2 million injecting drug users, only 33,000 had access
to drug substitution programs.1 From a medical
and public health perspective, all injecting drug
users must have access to both NSE programs and
drug substitution programs, as well as accessible
Narcotics Anonymous treatment for those who
want to stop.

Incarceration
It is impossible to talk about injection drug use
and HIV without acknowledging the role of
incarceration and prisons in fueling these twin
epidemics. Injecting drug users are at great risk
of being incarcerated for drug-related offenses
or for engaging in illegal activities to obtain
money for drugs. That leads to a high concentration of people living with or at high risk of HIV
infection in prisons, where conditions are often
Science and Treatment of HIV Infection
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Table 2. Methadone and ARV Interactions Requiring Dose Modifications or Cautious Use
ARV

Effect on Methadone

Effect on ARVs

Recommendations

Zidovudine (AZT)

None

Increased AUC 40%–43%a,b

No adjustments in dosing;
observe for AZT toxicity

Stavudine (d4T)

None

Decreased AUC 27%b

No adjustments needed;
remain alert for virologic
failure

Didanosine (ddI)

None

No effect with entericcoated ddI formulationa

Use only enteric-coated
formulation

Nevirapine (NVP)

Methadone AUC
decreased 46%a,b

None

Opiate withdrawal
symptoms common
by 7 days; titrate dose
increase as needed

Efavirenz

Methadone AUC
decreased 43%–57%a,b

None

Opiate withdrawal
symptoms common
by 7 days; titrate dose
increase as needed

Delavirdine

Increased methadone
levels 19%b

None

Unlikely to be clinically
significant; no adjustments

Saquinavir/ritonavir

Methadone AUC
decreased 19%b

Not significant

Unlikely to be clinically
significant; no dose
adjustments; monitor for
withdrawal

Lopinavir/ritonavir

Methadone AUC
decreased 26%–36%

Not significant

No dose adjustments;
careful monitoring for
withdrawal symptoms

Amprenavir

Not significant

AUC reduced 30%a,b

No adjustments; unlikely
to be clinically significant

Nelfinavir

Methadone AUC
decreased 40%b

Decreased M8 active
metabolite 48%b

Usually no clinical
significance; monitor
for withdrawal

Tipranavir (TPV)

Methadone level
decreased 50%
(1 study)b

Not reported

No dose adjustments;
careful monitoring for
withdrawal with TPV/
ritonavir

NRTIs

NNRTIs

PIs

Panel on Antiretroviral Guidelines for Adults and Adolescents (Tables 22a, 22b, 22c).39
Bruce et al.40

a

b

18 8

From the ground up: Establishing a Framework for Success

Conclusion
Medical providers and the public health community have a vital part to play in recognizing the
role of injection drug use in the expansion of the
HIV epidemic, both locally and globally. Injecting
drug users represent both a prevention opportunity through the use of needle-exchange and
harm-reduction services and a treatment need for
those who are already infected. The unique legal
constraints facing active drug users often preclude
their entry into and retention in medical, social,
and psychiatric care services. Drug dependence is
a complex medical and psychiatric condition often
characterized by relapses, which can challenge and
frustrate those working to help individuals overcome their addictions. Yet injecting drug users
deserve to be afforded the same dignity, treatment, and support as HIV-positive non-injecting
drug users, so that they may live full lives and
protect their health and the health of their families and social networks. The critical role injecting drug users play in moving the virus into the
general population must be acknowledged and
aggressively responded to with a multidisciplinary
approach supported by local ministries of health
and civil society.

Science and Treatment of HIV Infection

18 9

Science and Treatment
of HIV infection

characterized by overcrowding, poor sanitation,
inadequate medical care, injection drug use, and
coercive sexual activity. When HIV infections are
acquired in prison, the impact extends beyond the
infected individual to his or her family and community upon release.
There is much that can be done to extend HIV
prevention and treatment services into the prison
setting through the extension of risk-reduction
interventions and continuity of care for injecting
drug users. Providing access to ART for HIVinfected individuals in correctional facilities is
both necessary and feasible; when provided with
care and access to medications, inmates who inject
drugs respond well to ARV treatment, with adherence rates as high or higher than in the general
population. The challenge is to sustain the gains
in health status achieved during incarceration
once a prisoner is released. That can be achieved
through careful discharge planning and the creation of linkages with community care providers.
The unmet demand for drug treatment programs
in prisons represents an opportunity to implement
substitution therapy, providing an alternative to
illegal drug use while building a bridge to a mix of
social services and support upon release.
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he HIV pandemic continues to
have a pronounced global impact on human
health and development, particularly among
the world’s poorest and most vulnerable populations. In resource-limited settings, chronic underlying malnutrition and its intersection with food
insecurity, poverty, and coinfections pose a serious
threat to efforts to combat HIV/AIDS. People living with HIV in resource-limited settings often cite
food availability and security as their most immediate and critical concerns; at the same time, governments in developing countries grapple with a range
of long-term programmatic, policy, and resource
challenges relating to health, food, nutrition, and
HIV/AIDS. The dual burden of HIV and malnutrition has a detrimental impact on population health
and represents a significant challenge for healthcare professionals in these impoverished settings.
In developing countries, a high prevalence of
HIV and malnutrition results in a vicious cycle of
undernutrition, poverty, and disease. HIV increases
metabolic needs, reduces appetite and dietary
intake, and interferes with digestion and nutrient absorption. Poorer nutritional status affects
the severity of HIV-related symptoms, immune

reconstitution, disease progression, and survival.
HIV/AIDS and undernutrition also lead to poverty
and lowered nutritional status by reducing health
resources, individual work capacity, agricultural
and economic productivity, food security, and economic livelihood.
In the context of the rapid scale-up of antiretroviral therapy (ART) in resource-limited settings,
an increased focus on nutritional management is
urgently required to address the needs of people
living with HIV. Among HIV-positive individuals at pre-ART disease stages, nutritional interventions can delay HIV disease progression, prolong
survival, improve nutritional status and overall
health, and mitigate the metabolic consequences
of HIV infection. Nutritional interventions may
also delay the onset of AIDS and ART initiation,
thereby preserving first-line medications for use
later in the course of disease. Similarly, nutritional
management is an important adjunct to ART;
improved nutritional status may confer benefits to
ART safety and efficacy, limit the occurrence of
side effects, and improve adherence to antiretroviral (ARV) regimens, patient survival, and quality
of life.
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HIV/AIDS and Nutrition in the Era of
Antiretroviral Therapy: Programmatic
Implications for Care and Treatment

HIV and Nutrition
The overlapping pandemics of HIV/AIDS and
undernutrition have a severe impact on population
health in resource-limited settings. According to
the United Nations World Food Program, in 2008,
an estimated 6.4 million people living with HIV
were in need of nutritional support and HIV/AIDS
care (i.e., ART, prevention of mother-to-child
transmission [MTCT], assistance for orphans and
vulnerable children, and palliative care); almost one
million people urgently need food aid and ART.
The estimated cost of nutritional support for HIVpositive individuals is relatively low, representing
just 2% of the total estimated budget needed to target the HIV/AIDS pandemic.1,2
The interrelationship between HIV/AIDS and
nutrition is dynamic and complex. HIV/AIDS is
characterized by a progressive deterioration in
immune function, while malnutrition, both in the
form of protein-energy malnutrition and micronutrient deficiencies, also plays a major role in
the etiology of immune dysfunction.3,4 Nutritional
supplementation, due to its ability to improve
humoral and cell-mediated immune function, may
be effective in reducing morbidity in HIV-positive
patients and decreasing vertical transmission.
Improvements in immunological and nutritional
status may also help to slow HIV disease progression and reduce the occurrence of opportunistic
infections while improving the overall quality of
life, an area of increasing importance, as HIV is
becoming a manageable chronic disease.
HIV infection adversely affects nutritional
status via several mechanisms, such as decreased
appetite and food intake, increased caloric requirements (particularly during the symptomatic phase),
greater nutrient utilization, and reduced nutrient
absorption and bioavailability. Conversely, malnutrition is a risk factor for HIV transmission, disease
progression, and mortality. For example, HIVpositive individuals who are severely malnourished
19 4

at initiation of ART are six times more likely to
die compared to those with adequate nutritional
status.5 Undernutrition may also interfere with the
safety and efficacy of ART and promote the rapid
onset of full-blown AIDS.
Nutritional management is integral to comprehensive HIV care and treatment. Improved nutritional status and weight gain can lead to increased
strength and enable patients to resume their normal
daily activities, including attendance at work and
caring for dependents. Increased mortality within
the first three months of ART initiation, and concerns regarding ARV adherence, drug resistance,
and side effects, reinforce the need for nutritional
management. Additionally, the current treatment
protocols for ART are associated with several metabolic complications, such as lipodystrophy, which
can amplify the adverse effects of HIV infection on
nutritional status.

Nutritional Assessment
Nutritional assessment is an integral component
of nutritional management and HIV/AIDS care
and treatment. Accurate, affordable, and feasible
nutritional assessment methods are essential to
program implementation. A comprehensive evaluation of nutritional status is composed of four main
elements: (1) anthropometric assessment, including weight, height, and body composition; (2) biochemical measurements, including serum proteins,
lipids, micronutrients, and immunological parameters; (3) clinical evaluation, including a comprehensive medical history and physical examination;
and (4) dietary intake assessment.

Anthropometric Assessment
Anthropometric measurements are noninvasive,
relatively low cost, and interpretable methods to
assess nutritional status. The conventional anthropometric measures of weight, height, body mass
index (BMI, kg/m2), and arm circumference can
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electrical impedance can be used to estimate total
body water, fat-free body mass, and body fat.
BIA has been used in HIV-positive populations,
and BIA measurements have been shown to correlate with survival among people living with HIV.9
However, some data suggest that these measurements may not accurately reflect body composition
in the context of HIV infection,10 and BIA has not
yet been extensively validated in the era of ART.
A recent pilot study was conducted to compare
BIA, skinfold measurements, and DEXA methods
to estimate percentage of body fat mass among 47
HIV-positive men receiving ART.11 Findings suggested that the level of bias and error in BIA and
skinfold methods was relatively low compared to
DEXA, and authors concluded that these techniques were acceptable methods of monitoring total
body fat mass in HIV-positive male participants on
ART. Further research is warranted to determine
whether these findings are generalizable to women
and children and to resource-limited settings.
Other anthropometric methods of assessing
fat distribution include measurement of waist and
hip circumferences, waist-to-hip ratio, and triceps
skinfold thickness.

Biochemical Measurements
Biochemical measurements, including serum levels
of proteins, lipids, micronutrients, and immunological parameters, represent important indicators
of nutritional status and serve as valuable guides for
clinical management of HIV and malnutrition.6,12
Among HIV-positive individuals, serum levels of
albumin and vitamin A have been most extensively
evaluated. The relative strengths and limitations of
these methods are discussed in detail elsewhere.6,12

Clinical Evaluation
Clinical evaluation, including a detailed medical
history and physical examination, is essential in the
assessment of nutritional status and overall health.
Science and Treatment of HIV Infection
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be accurately measured with minimal training
and expense, in even the most resource-limited
settings. BMI and weight changes over time are
particularly important for nutritional assessment
of HIV-positive individuals, since these measures
determine the clinical stage of disease and predict
survival time. Use of the mid-upper-arm circumference (MUAC) index should be considered, particularly in situations in which it is difficult to collect weight and height, as it offers the operational
advantage of being easily portable. However, there
is a relatively large variability in MUAC measurements and an increased need for training and standardization of assessments.6 Accuracy of anthropometric measurements is also influenced by the
type, condition, and calibration of the equipment,
as well as the training of the individuals conducting the assessment.
Body composition assessment is particularly
important in HIV-positive individuals, as both HIV
disease and ART are associated with changes in
body composition and metabolic complications.7,8
Since weight and BMI are crude measures of body
composition, assessment necessitates the use of
more sophisticated techniques. However, optimal
methods to assess body composition, such as dual
energy X-ray absorptiometry (DEXA) scans, are
prohibitively expensive and operationally challenging to implement in resource-limited settings.
Bioelectrical impedance analysis (BIA) is a
comparatively easier and less expensive method
to assess body composition. Since BIA devices
became available in the 1980s, this tool has become
popular due to its ease of use, portability, and relatively low cost compared to other methods of body
composition assessment. BIA relies on the difference in electrical conductance by fat and lean tissues to determine body composition after weight,
height, sex, and age have been determined. BIA
determines the opposition to the flow of an electric current (electrical impedance) of body tissues;

A comprehensive clinical evaluation includes history of weight changes, protein-energy malnutrition, micronutrient deficiencies, intercurrent illnesses, psychosocial health, level of functioning,
and quality of life.

Dietary Intake Assessment
Dietary intake is optimally assessed by the use of
food frequency questionnaires (FFQs), particularly
for long-term evaluation. FFQs have been validated
in studies in developed countries and in selected
developing-country settings, and have become
a well-established method of dietary assessment.
However, FFQs have not been validated in all
resource-limited settings, which may reduce their
application. Self-reported dietary recall and diet
record methods are useful for shorter-term dietary
intake assessment, but may be more expensive to
administer and require high levels of literacy. The
relative advantages and disadvantages of these
methods are reviewed in detail elsewhere.13,14

HIV and Macronutrient
Deficiencies
Macronutrient malnutrition is common in HIVpositive individuals and is associated with accelerated disease progression, increased morbidity, and
reduced survival. The following section reviews the
effects of HIV/AIDS on weight loss and growth
failure, metabolic disturbances, protein requirements, and fat metabolism.

Weight Loss and Growth Failure
HIV/AIDS was referred to as “slim disease” in many
parts of Africa at the onset of the pandemic, due to
the severe weight loss associated with it. Wasting,
the hallmark of HIV disease in adults, is defined as
involuntary loss of either 10% of body weight over
12 months, 7.5% over six months, or 5% over three
months.15,16 Resting energy expenditure is approximately 10% higher in adults with asymptomatic
19 6

HIV, compared with HIV-negative individuals;
this increase is severalfold higher for individuals
with active disease and secondary infections, and
among children.17-23
Weight Loss in Adults
Weight loss can adversely affect HIV-related health
outcomes and survival, particularly in adults at preART disease stages. In a study in Gambia, BMI was
a strong independent predictor of survival among
HIV-positive patients.24 Baseline BMI of less than
18 kg/m2 was associated with a 2.5-fold increase in
risk of mortality, after adjusting for age, sex, wasting at diagnosis, baseline CD4 lymphocyte count,
tuberculosis, and cotrimoxazole prophylaxis.
Weight loss during the first four weeks of ART was
also associated with increased risk of mortality in
this study. Additionally, among HIV-positive individuals at pre-ART disease stages, as little as 5%
weight loss has been associated with increased risk
of opportunistic infections, hospitalizations, and
mortality. BMI and changes in weight also determine the clinical stage of HIV disease and affect
timing and initiation of ART.25-28
Growth Failure in Children
HIV infection is associated with poorer growth
and development among infants and children. In
a prospective cohort study of pregnant women
(318 HIV-positive, 309 HIV-negative) and their
infants in Rwanda, HIV-positive infants had significantly lower birth weight, head circumference,
and weight-to-head circumference ratio at birth,
compared to infants who were HIV-negative.29
Several studies in Africa have also found significant delays in linear and ponderal (weight-related)
growth in HIV-positive infants less than two years
of age.30-35 In a study of pre-pubertal male hemophiliacs, asymptomatic carriers of HIV were one
quartile shorter in height for age, compared to
HIV-negative children.36
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Pathogenesis of Wasting and Growth Failure
The etiology of wasting and growth failure in HIV/
AIDS is complex; HIV may contribute to severe
weight loss and deficits in growth via several
mechanisms, including decreased dietary intake,
reduced absorption and bioavailability of nutrients, and increased resting energy expenditure and
metabolic demands.
Reduced dietary intake is likely the major contributor to weight loss and wasting in HIV disease
in adults19,39 and growth failure in HIV-positive
children.40 Decreased intake and appetite loss may
be due to metabolic consequences of HIV disease,41
opportunistic infections (particularly those affecting the oropharynx and gastrointestinal tract), and
repeated coinfections.28 Reduced dietary intake may
also be due to poverty-related conditions such as
inadequate food intake, food insecurity, decreased
agricultural productivity, lack of resources for food
preparation and storage, and poor social support
at mealtime. The burden of HIV/AIDS is disproportionately higher in the low-income countries,
where unhygienic conditions, overcrowding, and
infectious diseases are prevalent; these factors
increase the likelihood of exposure to repeated
infections and further reduce appetite, food security, and dietary intake.
Reduced absorption and bioavailability of
nutrients also contribute to weight loss and growth
failure, due to intestinal dysfunction and HIV
enteropathy. Diarrhea and intestinal malabsorption contribute to the chronic weight loss observed
in people living with HIV, due to secondary infections, such as cryptosporidiosis.42-49 Further, HIV

may have a direct effect on the intestinal surface
and villi, thus altering intestinal absorption and
transit.28
Increased metabolic demands associated with
HIV infection also contribute to weight loss and
growth failure. For example, HIV increases resting energy expenditure, protein turnover, caloric
needs, and nutrient utilization. Increased metabolic requirements are also the result of opportunistic infections, other concurrent infections (e.g.,
malaria and other parasitic diseases), and hormonal deficiencies.
Metabolic disturbances that lead to wasting
appear to represent an adaptive response to a generalized inflammatory state, and are mediated by
increased secretion of pro-inflammatory cytokines, including tumor necrosis factor (TNF-a),
interferon gamma (INF-g), and interleukins (IL)
1 and 6.50,51 Both TNF-a and INF-g are known to
inhibit myosin expression in muscle cells,52 and
TNF-a also induces anorexia.53
Maternal HIV infection also affects fetal growth
and development. In a meta-analysis of 17 studies, the risk of low birth weight was twofold higher
among infants born to HIV-positive women, compared to infants born to HIV-negative women.54 A
recent study in Nigeria found a fivefold higher risk
of low birth weight among infants born to HIVpositive women (P<.0001).55
Reduced dietary intake is likely the major contributor to growth failure in HIV-positive children. In particular, decreased protein intake and
increased nutritional requirements during childhood may exacerbate the risk of growth failure.
Nutritional deficiencies and related infectious diseases, such as persistent diarrhea, fever, and pneumonia, are also more prevalent in HIV-positive
children, further contributing to deficits in growth
and development. Social factors, such as parental
smoking or illicit drug use during pregnancy, may
increase the risk of growth failure in HIV-positive
Science and Treatment of HIV Infection
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Growth failure is also a powerful predictor of
mortality in HIV-positive children, in studies in
Malawi,37 Uganda,34 and Rwanda.31 In a study in
Tanzania, wasting was an independent predictor
of mortality among HIV-positive children but not
among HIV-negative children.38

children.40,56-58 Early deficits in infant growth and
development likely increase the risk of further
growth failure in childhood.

Protein Metabolism
Several abnormalities in protein metabolism have
been observed in individuals living with HIV, such
as changes in whole-body protein turnover, serum
albumin, and levels of amino acids. Lower serum
albumin levels have been identified in HIV-positive
tuberculosis patients, compared to HIV-negative
tuberculosis patients in Burundi,59 Uganda,60 and
Haiti.61 Reduced levels of serum pre-albumin and
transferrin were also identified in the Burundi
study. The lower levels of these proteins are consistent with decreased hepatic synthesis that may
occur during the acute phase response, due to the
HIV infection itself.62,63

Fat Metabolism
Abnormalities in fat metabolism have also been
observed in the context of HIV. Several studies have
reported high levels of fat malabsorption among
HIV-positive individuals, with 80%64 to 90%65 of
patients presenting with increased levels of fecal
fat. Due to fat malabsorption64,65 and increased fat
oxidation,40,66 Individuals living with HIV are at
risk of developing a negative energy imbalance and
further weight loss.

HIV and Micronutrient
Deficiencies
Micronutrient deficiencies are widely prevalent in
HIV-positive populations. In cross-sectional studies, low serum concentrations of various micronutrients have been observed in people living with
HIV; injecting drug users, pregnant women, and
children seem to be at the highest risk of micronutrient deficiencies. Low serum levels of vitamin
A,67-70 provitamin A carotenoids,68,69,71-73 niacin,71,72
vitamin B-6,74 folate,75,76 vitamin B-12,77-80 vitamin
19 8

C,71,72,74,81 vitamin D,82 vitamin E,71,74,83,84 iron,85 zinc,74,86
selenium,87-89 and magnesium71,74 have been well
documented.
Micronutrient deficiencies impair systemic
immune function, and may accelerate disease
progression and increase the risk of vertical transmission.90-92 Improved micronutrient status may
confer benefits with regard to humoral and cellmediated immunity, disease progression, and
immune reconstitution. Micronutrient supplements can delay disease progression and reduce
mortality, particularly among HIV-positive individuals at pre-ART disease stages. Nutritional
supplementation may also prolong the pre-ART
stage in HIV-positive patients and preserve firstline ART regimens for later use. In the context
of ART, improved micronutrient status may also
reduce the occurrence of adverse events, mitigate
the impact of ART on nutritional outcomes, and
improve ART adherence.

HIV Seroconversion
A few observational studies have been conducted
to examine the role of vitamin A in heterosexual
transmission of HIV in resource-limited settings. In
a nested case-control study in Rwanda, low serum
levels of vitamin A, carotenoid, or vitamin E were
not associated with risk of HIV seroconversion.93
Similarly, a nested case-control study in Tanzania
found no significant relationship between vitamin
A levels and risk of HIV infection.94 However, findings from other observational studies have been
divergent. Low serum vitamin A and carotenoid
levels were associated with increased risk of HIV
infection in India.95 In contrast, low vitamin A levels were protective for HIV seroconversion in a
study in Kenya.96

HIV Disease Progression
Several observational studies have been conducted to examine the role of micronutrients in
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Maternal and Child Health Outcomes
Several observational studies have been conducted in sub-Saharan Africa to examine the role
of micronutrients in MTCT of HIV and other

perinatal outcomes. Low maternal vitamin A status
was associated with increased risk of vertical transmission and other adverse pregnancy outcomes
in studies in Malawi109,110 and Rwanda.111 However,
findings regarding maternal vitamin A status and
pregnancy outcomes in the United States have
been divergent. Low maternal vitamin A levels
were associated with increased risk of vertical HIV
transmission in one study in the United States.112
However, in other studies no associations were
observed between maternal serum levels of vitamin A,113,114 beta-carotene,113 or vitamin E113 and risk
of vertical HIV transmission.
In an observational study in Haiti, lower serum
zinc levels were associated with increased risk of
vertical HIV transmission, although this finding
was not statistically significant.115 Low maternal
selenium status was also associated with increased
risk of intrapartum HIV transmission, fetal death,
and child mortality in a study in Tanzania.116 In an
observational study in Uganda, low serum vitamin
A and carotenoid concentrations were associated
with reduced weight and height velocities in HIVpositive children, suggesting a role for these micronutrients in child growth in the context of HIV.117
It should be noted that observational studies
have a few limitations that warrant caution when
interpreting findings. The observed associations
between micronutrient deficiencies and adverse
HIV-related outcomes may be due to reverse
causation. For example, HIV infection may lead
to decreased nutrient absorption and increased
excretion, resulting in lower serum micronutrient
levels and an apparent deficiency. Reduced levels
of micronutrients may also be attributable to the
acute phase response to infection rather than being
a marker of actual micronutrient status. There may
also be residual confounding due to factors not
accounted for in the study design or analyses, such
as other nutritional deficiencies, micronutrient
supplement use, opportunistic infections, other
Science and Treatment of HIV Infection
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HIV disease progression and immune reconstitution. In the United States, two cohorts were established to assess HIV disease progression in relation to multiple factors, including vitamin intake:
the Multicenter AIDS Cohort Study (MACS)97100
and the San Francisco Men’s Health Study
(SFMHS)101; nutrient intake was assessed using
FFQs. Investigators examined the relationships of
various micronutrients with HIV disease progression to clinical AIDS98,101 and death.99 In the MACS
cohort, a U-shaped relationship was observed
between vitamin A intake and HIV disease progression and mortality, whereas in SFMHS, vitamin A intake was directly associated with CD4
lymphocyte counts without any apparent effect on
clinical progression. However, B-vitamin intake
and/or supplementation in MACS and multivitamin use in SFMHS were associated with reduced
risks of disease progression and mortality. Similar
benefits of B-complex vitamin supplementation
on disease progression and death were observed
in a large cohort of 2,179 HIV-positive patients in
South Africa.102
Other observational studies have examined the
relationships between serum micronutrient levels
and HIV disease progression and mortality. Low
serum vitamin A was associated with low CD4
counts,83,103-105 accelerated disease progression,105 and
increased mortality.103,104,106 Reduced serum vitamin
D (1,25-dihydroxyvitamin D) was also associated with low CD4 counts84,107 and increased risk
of mortality84 in studies in Germany and Norway,
respectively. Lower maternal plasma selenium levels were associated with significantly increased risk
of mortality in HIV-positive pregnant women in
Tanzania.108

coinfections, and access to health care. Therefore,
residual confounding of the relationship between
micronutrient status and outcomes by these covariates may lead to biased results and constrain
interpretability of findings.

Nutritional Interventions in
HIV-positive Populations
The findings and limitations of the aforementioned
observational studies prompted the undertaking
of several intervention studies to investigate the
effects of micronutrient and macronutrient supplementation on health outcomes in HIV-positive
populations.

Macronutrient-Based Interventions
The efficacy of macronutrient-based interventions in improving HIV-related outcomes has
been examined in several studies. Many of these
interventions have focused on providing protein or
amino acid supplements to HIV-positive patients.
In a study in France, a complete amino acid infusion was administered to HIV-positive patients;
the authors found that deficiencies of essential
amino acids (threonine and methionine) were a
limiting factor for whole-body protein synthesis.118
A similar study in Brazil focused on the role of glutamine, an amino acid mobilized from muscle tissue in states of severe stress or catabolic states as
an energy substrate; low levels of glutamine were
correlated with increased morbidity and mortality among HIV-positive individuals.119 In another
study, 41 HIV-positive adults were randomized to
glutamine, alanyl-glutamine, or placebo supplementation; glutamine and alanyl-glutamine both
significantly reduced the occurrence of gastrointestinal symptoms and increased the levels of
ART medications, compared with the placebo.120
A study in Germany found that supplementation
with whey proteins led to a sustained increase in
glutathione levels in HIV-positive patients.121,122
200

In a randomized trial in Zambia, the effect of
amino acid supplementation on health outcomes
was examined among children. In this study, 200
children (106 HIV-positive, 94 HIV-negative) with
persistent diarrhea-malnutrition syndrome were
randomized to receive either an exclusive diet of
amino-acid-based elemental feed or standard
nutritional rehabilitation (based on skim milk and
soya) for four weeks. Significant improvements in
weight gain and hemoglobin levels were observed
in the elemental feed group; however, there were no
differences in mortality between the two groups.123
Interventions in several other studies have
involved a dietary counseling component, either
alone or in combination with a macronutrient
supplement. In a study in the United States, investigators conducted a retrospective chart review for
119 HIV-positive patients, to examine the effect of
a macronutrient intervention on nutritional status.
The intervention included a dietary assessment,
intake analysis, appropriate counseling, follow-up,
and provision of supplements as needed. Patients
who received the intervention had a significantly
greater average weight gain, of 0.5 (±5.2) kilograms,
while patients who did not receive the intervention
lost an average of 1.6 (±5.8) kilograms (P=.02).124 In
another study in the United States, dietary counseling was provided to 17 HIV-positive patients;
counseling consisted of recommendations to
consume a high-protein diet (1.5g/kg ideal body
weight) and at least one high-energy, high-protein
nutrition supplement daily. A total of 12 of the 17
patients gained or maintained their weight, leading
the authors to propose that a nutritional supplement containing high levels of energy, protein, and
nutrients should be the first-line nutrition treatment for malnourished, HIV-positive patients.125
In a study in Spain, 74 HIV-positive patients
were randomized to receive standard enteral formula (54.5% carbohydrate, 31.5% fat, and 14%
protein) or an enterotropic peptide-based formula,
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energy balance, and nitrogen balance increased
significantly with the polymeric mixture, compared with the standard diet; however, there were
no effects on CD4 or CD8 counts or plasma albumin levels.129
A few studies have explored the effect of anabolic hormones on the marked catabolic state associated with HIV infection. Miller et al reported a
positive effect of testosterone on body composition in HIV-positive women with AIDS wasting
syndrome.130 A large multicenter randomized trial
was conducted to examine the impact of recombinant human growth hormone (rhGH) (daily
vs. alternate day vs. placebo; dose: 0.1 mg/kg) on
treatment of wasting and weight loss, among HIVpositive men and women on ART (88%). A total of
757 participants were randomized across 56 sites
in eight countries; 548 individuals were included
in the final analyses. Over the 12-week course of
therapy, daily rhGH was superior to the placebo
in improving physical function (P<.0001), body
weight (P<.0001), body composition (P<.0001),
and quality of life.131
Findings from randomized trials regarding the
effect of anabolic steroids on lean body mass have
been inconsistent. A systematic review of eight
randomized trials found that testosterone therapy may increase lean body mass in HIV-positive
patients.132 However, findings from other trials
suggest that anabolic steroids may not confer any
benefit to lean body mass in the context of HIV.
For example, in a multicenter placebo-controlled
randomized trial (14 AIDS clinical trial units), 79
HIV-positive men with at least a 5% weight loss or
a BMI of less than 20 kg/m2 were randomized to
receive megestrol acetate (800 mg) plus testosterone enanthate (200 mg) or megestrol acetate alone,
biweekly, for a 12-week period. Increases in weight,
lean body mass, and fat were observed in both
groups; co-administration of testosterone did not
enhance accrual of lean body mass but preserved
Science and Treatment of HIV Infection
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enriched with omega-3 fatty acids and dietary
fiber (65.5% carbohydrate, 15.8% fat, 18.7% protein, 9.46 g/mL omega-3 fatty acids, 8.9 g/L dietary
fiber); all patients also received dietary counseling. A significant and sustained increase in weight
was observed in both groups after three months.
Furthermore, a significant increase in CD4 counts
was observed in the group supplemented with the
enterotropic peptide-based formula, but not in the
standard formula group.126
In Switzerland, 15 HIV-positive individuals
with a BMI of less than 21 kg/m2 or a CD4 count
under 500 cells/µL were randomized to receive
either (1) oral nutritional supplements (complete
macronutrient and micronutrient supplementation; 2,510 kJ [~600 kcal]) and dietary counseling
or (2) standard of care follow-up, which included
identical clinical monitoring but no supplements
or specific nutritional advice. In the intervention
group, protein catabolism and whole-body protein turnover significantly decreased, as marked
by leucine oxidation and whole-body leucine flux,
respectively. Lean body mass increased in the
intervention group, whereas fat mass decreased,
compared to the control group.127
In a placebo-controlled randomized trial in
the United States, 68 HIV-positive patients with
a history of at least a 5% weight loss in the past
three months were randomly assigned to receive
either a nutrient mixture or placebo daily for eight
weeks. The nutritional supplement consisted of
beta-hydroxy beta-methylbutyrate, glutamine, and
arginine, and was expected to slow muscle proteolysis. Patients in the intervention group had significantly greater weight gain, increased CD3 and
CD8 counts, and lower viral load, compared to
the placebo group.128 In a similar study in Chile, 46
HIV-positive malnourished adult outpatients were
randomized to receive either a polymeric diet or
regular foods for two consecutive 45-day periods,
using a crossover design. Weight, fat-free mass,

sexual functioning.133 A placebo-controlled randomized trial was conducted in the United States
among HIV-positive women with more than 5%
weight loss in the past six months and low testosterone levels (<33 ng/dl); investigators did not
observe any improvements in whole-body fat
mass, regional fat distribution, insulin sensitivity,
or markers of inflammation and thrombolysis with
testosterone therapy.134
In a more recent Cochrane review of 13 trials,
administration of anabolic steroids resulted in a
small increase in lean body mass and body weight,
compared with the placebo. However, overall findings from the trials were heterogeneous; the authors
concluded that there was insufficient scientific evidence to inform treatment recommendations for
the use of anabolic steroids in HIV-positive individuals.135 Additionally, potential development of
adverse events with the long-term use of steroids is
a cause for concern.
The role of other macronutrient supplements,
such as enzymes and fatty acids, has been examined in several small studies. As part of the Swiss
HIV Cohort Study, 64 HIV-positive patients were
enrolled in a double-blind randomized controlled
trial and followed for six months. All patients
received a daily oral nutritional supplement (606
kcal supplemented with vitamins, minerals, and
trace elements), and half were randomized to
additionally receive arginine (7.4 g) and omega-3
fatty acids (1.7 g). Body weight increased by a similar magnitude in both intervention and control
groups.136 Another study was conducted in Italy to
evaluate the effectiveness of open-label oral pancreatic enzyme therapy on lipid absorption in 24
HIV-positive patients. Pancreatic enzyme supplementation effectively reduced fecal fat loss among
HIV-positive individuals with fat malabsorption.137
Modest improvements in fat absorption have also
been observed with the use of high-fat diets138 and
probiotics.139
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In a recent Cochrane review of macronutrient
interventions in HIV-positive populations, macronutrient supplementation, with or without nutritional counseling, resulted in significant increases
in energy and protein intake. However, reviewers
found no effects of macronutrient supplements on
body weight, fat mass, fat-free mass, or CD4 lymph
ocyte counts.140

Micronutrient-Based Interventions
Most micronutrient supplementation studies have
examined micronutrients’ effect on two primary
outcomes: HIV disease progression and perinatal
outcomes, including HIV transmission. We discuss these studies in the two sections that follow,
according to their primary focus.
Effects on HIV Disease Progression
Several intervention trials have been conducted to
examine the effect of micronutrients such as betacarotene; vitamins A, B-complex, C, and E; zinc;
and selenium on HIV disease progression, either
singly or jointly as part of a multiple micronutrient formulation. Two trials to examine the effect of
beta-carotene supplementation on CD4 counts, one
conducted in the United States and one in France,
found no association.141,142 Vitamin A supplementation also had no effect on CD4 counts or viral load
in trials in Kenya,143 South Africa,144 and the United
States.145,146
A multicenter clinical trial in Canada randomized 331 patients with AIDS on conventional management to receive either (1) multivitamins alone
(including vitamin A and trace elements) or (2)
multivitamins plus carotenoids (120,000 IU of carotene; equivalent to 72 mg of beta-carotene) daily.
In multivariate analyses, individuals with higher
baseline serum carotene concentrations had significantly improved survival (P=.04). A statistically
non-significant increase in mortality was observed
among participants who did not receive carotenoids
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stage IV or AIDS-related death by 30%, and significantly reduced manifestations of HIV disease
such as oral thrush, oral ulcers, difficulty in swallowing, fatigue, rash, and acute upper respiratory
infections.150 Multivitamin supplementation demonstrated a protective effect on maternal wasting151
and improved hematological status (0.59 g/dL
increase) during follow-up (P=.0002), compared
with placebo.152 However, vitamin A had no significant effect on any of these outcomes.150
Multiple-micronutrient supplementation had
no effect on CD4 counts in randomized trials in
Thailand (vitamins A, B-1, B-2, B-6, B-12, C, D, E,
and K; beta-carotene; folate; iron; zinc; and selenium)106 and Zambia (vitamins A, C, and E; selenium; and zinc).153 However, the trial in Thailand
reported a nonsignificant decrease in mortality in
the micronutrient supplemented arm; this decline
was significant among individuals with CD4 cell
counts of less than 100 cells/µL.153
In a randomized trial in Kenya, 400 HIVpositive women were randomized to multivitamin plus selenium supplementation (20 mg thiamine, 20 mg riboflavin, 25 mg B-6, 100 mg niacin,
50 µg B-12, 500 mg C, 30 mg E, 0.8 mg folic acid,
and 200 µg selenium) or a placebo for six weeks.
Micronutrient supplementation resulted in significantly higher CD4 and CD8 counts compared with
the placebo, but did not alter the plasma viral load.
However, multivitamin plus selenium supplementation resulted in a 2.5-fold higher risk of HIV genital shedding, compared with the placebo.154
The discrepant findings between multiplemicronutrient supplementation trials may be
attributable to differences in trial study designs,
including supplementation dosages and composition. For example, the lack of effect observed in
the trials in Thailand and Zambia may be due to
the comparatively lower doses of supplementation
at the single recommended daily allowance (RDA)
level. In contrast, the Kenyan and Tanzanian
Science and Treatment of HIV Infection
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supplementation, compared to those who did; this
increase became significant after adjustment for
baseline CD4 counts and serum carotene concentrations (P=.03).147 However, a major limitation of this
study was the markedly reduced potency of the carotenoid supplement administered; authors reported
that the daily dose of carotenoids was equivalent to
only 9.2 milligrams of beta-carotene, instead of the
intended 72 milligrams.
In a zinc supplementation trial in Peru, 159
HIV-positive adults with at least seven days of
diarrhea were randomized to receive either zinc
(100 mg) or a placebo daily. Zinc supplementation had no effect on either duration (persistence
of diarrhea at day 14) or remission (time to cessation) of diarrhea. However, deficient serum zinc
concentrations were observed in a high proportion
of patients during follow-up (i.e., 66% of supplemented patients and 94% of nonsupplemented
patients were deficient). Therefore, the regimen
dose, duration, or adherence may have been insufficient to observe any potential beneficial effect of
zinc supplementation in this population.148
In the Trial of Vitamins study in Tanzania, 1,078
HIV-positive pregnant women were randomized
to receive daily supplementation of (1) vitamin A
(30 mg beta-carotene and 5,000 IU of preformed
vitamin A), (2) multivitamins (20 mg thiamine,
20 mg riboflavin, 25 mg B-6, 100 mg niacin, 50 μg
B-12, 500 mg C, 30 mg E, and 0.8 mg folic acid), (3)
both vitamin A and multivitamins, or (4) placebo,
using a 2-x-2 factorial design. At delivery, women
in the vitamin A supplemented groups received an
additional oral dose of vitamin A (200,000 IU) (vs.
placebo). All women also received iron (120 mg
ferrous iron) and folate (5 mg folic acid) supplementation daily.149 Maternal multivitamin supplementation resulted in significant increases in CD4,
CD8, and CD3 counts, and significantly decreased
viral load. Multivitamins also delayed the progression of HIV disease to World Health Organization

trials used identical multiple-RDA micronutrient
supplementation (vitamins B-complex, C, and E),
apart from the addition of selenium in the Kenyan
trial. The trials in Kenya and Tanzania identified
beneficial effects of micronutrient supplementation
on CD4 and CD8 counts. However, the Kenyan
trial also identified an increased risk of viral shedding with supplementation. Since both trials used
identical micronutrient supplementation regimens
(except the addition of selenium) and genital viral
shedding was greatest among women with normal
selenium levels at baseline, the potentially harmful
effect on HIV transmission via increased genital
viral shedding observed in the Kenya study may be
attributable to selenium.
Selenium-only supplementation studies in HIVpositive populations have had divergent findings.
A selenium supplementation trial was conducted
in Nigeria among individuals with advanced AIDS
on ART; patients receiving selenium supplementation had higher rates of CD4 cell increase, fewer
hospital visits, and greater weight gain, compared
with the patients on ART alone.155 In a randomized
controlled trial among 262 HIV-positive adults,
serum selenium concentrations increased significantly in the selenium-treated group, compared
with the placebo-supplemented group (P<.001).156
Increased serum selenium levels significantly
reduced HIV viral load (P<.02) after adjusting for
age, sex, ethnicity, income, education, illicit drug
use, HIV symptom classification, time since HIV
diagnosis, ARV regimen, adherence, and hepatitis C coinfection. Selenium-treated participants
whose serum selenium increase was greater than
26.1 µg/L demonstrated excellent treatment adherence, no changes in HIV viral load, and increased
CD4 counts.156 However, in a selenium trial in
HIV-positive pregnant women in Tanzania, there
were no differences in maternal CD4 counts,
plasma viral load, or mortality between seleniumand placebo-supplemented groups.157
204

Effects on Maternal and Child Health Outcomes
Randomized trials have primarily focused on the
role of vitamin A status in pregnancy outcomes
among HIV-positive pregnant women and children. In trials in Malawi158 and South Africa,159
maternal vitamin A supplementation did not have
any beneficial effect on the risk of MTCT of HIV.
However, contrary to a priori hypotheses, maternal
vitamin A supplementation significantly increased
the risk of vertical HIV transmission in trials in
Tanzania160,161 and Zimbabwe.162
In the ZVITAMBO trial in Zimbabwe, administration of the vitamin A regimen to either the
mother (400,000 IU) or infant (50,000 IU) significantly increased the risk of vertical HIV transmission and infant mortality. However, vitamin A
administered to both the mother and the infant did
not increase the risk of these outcomes, compared
with the placebo. Additionally, all three vitamin
A regimens resulted in a twofold increase in the
risk of mortality among infants who were HIVnegative at six weeks postpartum, compared with
the placebo arm (P≤.05).162
In a randomized trial in South Africa, 118
infants born to HIV-positive women were randomized to either vitamin A or placebo supplementation. Vitamin A reduced diarrheal morbidity by 50% among HIV-positive infants with
diarrhea; no effect was observed in HIV-negative
children.163 In another trial in South Africa among
HIV-positive children, vitamin A supplementation prior to influenza vaccination blunted the
increase in HIV viral load typically observed
post-immunization.164 In a randomized trial in
Tanzania, vitamin A reduced all-cause mortality by 63% and decreased AIDS-related deaths by
68% in HIV-positive children. Vitamin A supplementation was also associated with reduced risk
of respiratory infections and increased average
length gain in HIV-positive children.165-167 A protective effect of vitamin A supplementation on
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the risk of developmental delay.174 Children born
to mothers who received multivitamins also had
improved hematological status, with a 63% lower
risk of macrocytic anemia, compared with the placebo group (P=.01).152
In accordance with WHO guidelines, daily
folate and iron supplementation is the standard of
prenatal care in most settings, and includes 400 mg
folate and 60 to 120 mg iron for a duration of six
months, regardless of HIV status.175 These recommendations are based on the demonstrated benefits of folate in preventing neural tube defects176 and
of iron in preventing maternal anemia and related
complications.177-180
The safety and efficacy of folate and iron supplementation have not been extensively evaluated
in HIV-positive populations. There is a lack of evidence to suggest that folate supplementation should
differ among HIV-positive women. However, there
are some concerns regarding the safety of iron
supplementation in HIV-positive individuals. For
example, iron is an acute-phase reactant, akin to
vitamin A and zinc, and may therefore have similar adverse effects. Additionally, although there is
some evidence to suggest that iron supplementation may exacerbate malaria outcomes, its potential risks for HIV-positive individuals residing in
malaria-endemic regions are unknown. Further
research is needed to elucidate the role of iron
supplementation in HIV-positive individuals and
to establish specific iron-folate recommendations
for HIV-positive pregnant women and malariaendemic settings.181-184

HIV, Nutrition, and ART
As access to ART is rapidly scaled up worldwide,
addressing the role of nutrition in the context of
ART is an increasingly critical component of HIV/
AIDS care and treatment. Among HIV-positive
individuals on ART, enzyme systems (e.g., mixed
function oxidase in the liver) and nutrient cofactors
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mortality was also observed among HIV-positive
children in a randomized trial in Uganda.168
Other single-nutrient trials have examined the
role of zinc and selenium supplements in maternal
and child health outcomes. In a randomized trial
in Tanzania, maternal zinc supplementation had
no effect on the risk of fetal death, preterm birth,
infant low birth weight, vertical HIV transmission,
or neonatal mortality.169,170 In a trial in South Africa,
HIV-positive children were randomized to receive
either oral zinc supplementation or a placebo daily
for six months. There were no differences in viral
load, CD4 counts, or hemoglobin concentrations
in the two groups; however, zinc supplementation
reduced the incidence of watery diarrhea.171 In a
trial in HIV-positive pregnant women in Tanzania,
maternal selenium supplementation had no effect
on neonatal or overall infant mortality but reduced
the risk of child mortality after six weeks, suggesting a survival benefit for breastfeeding children.157
In the Trial of Vitamins study in Tanzania
described earlier, maternal multivitamin (vitamins
B-complex, C, and E, at multiple-RDA levels) supplementation did not affect the risk of MTCT of
HIV in the overall population; however, multivitamins significantly reduced the risk of vertical HIV
transmission among infants born to women who
were nutritionally and/or immunologically compromised at baseline.161 Maternal multivitamin supplementation also reduced the risk of severe preterm birth by 39%, low birth weight by 44%, small
size for gestational age by 43%, and fetal death by
39%.149 In contrast, vitamin A supplementation had
no effect on pregnancy outcomes, but increased the
risk of vertical HIV transmission by 38%.161
In the Trial of Vitamins study, multivitamin
supplementation significantly increased maternal weight gain and reduced the risk of developing hypertension during pregnancy.172,173 Maternal
multivitamin supplementation also improved
child psychomotor development and decreased

are essential for efficient metabolism, uptake, and
utilization of medications. Malnutrition affects
medication absorption, safety, efficacy, and adherence. Nutritional interventions may confer benefits
with regard to ART-related side effects and metabolic complications. Conversely, ART may also
contribute to further improvements in nutritional
status by alterations in appetite, dietary intake,
nutrient absorption, metabolism, and excretion.
Potential nutrition-ART interactions also warrant
consideration in the development of evidencebased HIV/AIDS programs in the ART era.

Effects of ART on Macronutrient Status
The occurrence of HIV/AIDS-related wasting
appears to have diminished in the ART era; it is
postulated that ART reduces HIV-associated weight
loss and wasting by decreasing viral load.23 There
is, however, limited evidence regarding the specific
impact of ART on macronutrient status at the individual level. For example, a recent study in India
found that the majority of HIV-positive patients
who received nevirapine-based ART gained weight
and retained body shape symmetry with no changes
in waist-to-hip ratio; however, several patients
lost weight despite initiating ART.185 Similarly, in
an analysis of 469 HIV-positive individuals in the
Nutrition for Healthy Living cohort, more than
50% of the cohort was receiving ART at the time
that they met clinical criteria for wasting.186
Several studies have examined the effect of ART
on child growth. Miller et al found that exposure to
non-protease-inhibitor ART before three months
of age was a risk factor for failure to thrive in HIVpositive infants.56 Similarly, Goldstein and colleagues found a higher rate of low birth weight in
infants born of HIV-positive women who received
either zidovudine (AZT) or protease inhibitors
(PIs).187 In contrast, Morris et al found that intrauterine exposure to maternal PI therapy (for the
prevention of MTCT of HIV) had no effect on birth
206

outcomes.188 In utero or neonatal exposure to AZT
had no adverse effects on intrauterine and postnatal growth of HIV-negative children followed for
up to 5.6 years.189 Tuomala et al found no association between the use of combination ART and low
birth weight.190 In a study among HIV-positive children, ART positively influenced height and weight,
reduced viral load, and increased CD4 cell counts.191
Most of these studies, however, were conducted in
developed countries, where the risk of poor nutrition is relatively low. Furthermore, these studies had methodological limitations that constrain
interpretability of findings, including small sample
sizes, use of different endpoints and proxy measurements for child growth, and limited assessment
of dietary intake and nutritional status.23

Effects of ART on Micronutrient Status
ART may also alter the micronutrient status of HIVpositive individuals. Abnormalities in zinc and selenium plasma levels were observed following ART
initiation in a study in France.192 Lower levels of circulating vitamin D (1,25D) have also been found in
some observational studies and are more commonly
reported among individuals on PI therapy.193,194 This
finding is cause for concern due to the increased
occurrence of bone-related disorders with HIV
infection, such as osteonecrosis, osteoporosis, and
osteopenia.107,195-199

Metabolic Complications of ART
HIV-positive individuals on long-term ART may
experience a variety of metabolic abnormalities.
These complications can be severe and fatal, interrupt adherence, and reduce the quality of life of
the affected individual. Metabolic complications
of ART include fat redistribution, dyslipidemia,
insulin resistance, lactic acidemia, mitochondrial toxicity, and abnormalities in bone mineral
metabolism.23,195,200-208 Each class of ARV medication
has been associated with metabolic complications;
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and type 2 diabetes.218 An estimated 6% to 10% of
patients receiving ART will develop type 2 diabetes in their lifetime.208 Conversely, insulin resistance
may also be a primary feature underlying the etiology of lipodystrophy syndrome, as it often precedes
fat redistribution.218 ARV medications stavudine,
indinavir, ritonavir, and lopinavir, but not atazanavir or amprenavir, are known to acutely induce
insulin resistance; however, long-term effects are
not known.208 Several studies have demonstrated
the efficacy of insulin-sensitizing medications in
lipodystrophy management.10,219-221 A randomized
trial was conducted to examine the effects of exercise training and metformin on body composition
and cardiovascular indices among HIV-positive
patients on ART with hyperinsulinemia and fat
redistribution. Findings demonstrated that exercise
training in combination with metformin significantly improved cardiovascular and biochemical
parameters, compared to metformin alone.222
Nucleoside reverse transcriptase inhibitor
(NRTI) drugs may lead to a range of adverse metabolic effects, such as fat wasting, peripheral neuropathy, lactic acidosis, cardiomyopathy, and pancreatitis. These diverse NRTI side effects may be
mediated by a common physiological mechanism
of mitochondrial toxicity. In a case-control study,
cases were HIV-positive patients with lactic acidosis or hyperlactatemia; controls were randomly
selected (two per case) from treated patients and
matched by center and calendar year. After adjusting for age, gender, and current CD4 count, lactic
acidosis/hyperlactatemia was associated with exposure to dideoxynucleosides and advanced immunosuppression (CD4<200 cells/µL). This association
remained across all categories of didanosine exposure but was greatest at shorter durations of exposure (less than 12 months), suggesting a potential
susceptibility in a small percentage of HIV-positive
individuals.223 Lactic acidosis, although relatively
uncommon, can be potentially life-threatening,
Science and Treatment of HIV Infection
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however, they have been most commonly reported
with the use of PIs, such as indinavir, ritonavir, and
saquinavir.205,209,210
Abnormalities in fat distribution are common
among individuals on ART. Lipodystrophy, the
loss of peripheral and subcutaneous fat and accumulation of central fat, is observed within 7 to 22
months after ART initiation in most patients.211
Men are more likely to accumulate dorsocervical fat (buffalo hump) and present with fat depletion,209 whereas women more commonly accrue
fat in the waist and breasts.212 In a study in Italy,
investigators examined adipose tissue alterations
in 2,258 HIV-positive adult men and women; men
had a significant 0.47 times lower risk of presenting with adipose tissue alterations compared to
women (P<.0001).213
In a recent observational study in the United
States, researchers examined the relationship
between dietary intake (four-day food records or
24-hour recall) and serum lipid levels in 356 HIVpositive patients and 162 community-based HIVnegative controls. HIV-positive patients had significantly greater intake of total fat, saturated fat,
and cholesterol, and a greater percentage of calories
from saturated fat and trans fat, compared to controls at similar levels of caloric intake. Greater saturated fat intake was predictive of increased serum
triglyceride levels.214 In a subsequent analysis, visceral adiposity was increased among nonobese HIVpositive men and women, compared to controls.
Abdominal subcutaneous adiposity was reduced in
HIV-positive men in normal and overweight categories, but increased among HIV-positive obese
women, relative to control participants. Findings
were similar when limiting the analysis to individuals without metabolic syndrome.215
Lipodystrophy contributes to insulin resistance
in HIV-positive patients,216,217 and is associated with
a constellation of metabolic abnormalities such
as impaired glucose tolerance, insulin resistance,

with an estimated 60% mortality rate. This is of
particular concern in resource-limited settings
where NRTIs are more frequently used, and other
risk factors for lactic acidosis (e.g., lower CD4
counts) are likely to be more prevalent.223
Lipodystrophy is also associated with several
cardiovascular risk factors, such as greater waist
circumference, increased blood pressure, and
reduced high-density lipoprotein (HDL) cholesterol.120,209,218,224-227 A potential mechanism for the
observed decrease in HDL might be the impairment of cholesterol efflux from macrophages by
HIV itself, therefore promoting atherosclerosis in
HIV-positive patients.228
A clinical trial was conducted to compare the
effects of three ARV regimens—didanosine (ddI,
Videx) and stavudine (d4T, Zerit), plus either efavirenz (Sustiva), nelfinavir (Viracept), or both—on
metabolic complications. A total of 234 patients
(out of 881) progressed to develop metabolic
syndrome, as defined by criteria of the National
Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Third Report; ATPIII), and a total of 178 patients met International
Diabetes Federation criteria for metabolic syndrome. The development of metabolic syndrome
during ART was a significant risk factor for cardiovascular disease and diabetes; however, no
significant differences were observed in rates of
progression to metabolic syndrome between the
randomized treatment arms.229
Several studies have been conducted to examine the effects of ART on cardiovascular parameters. In the Strategies for Management of
Antiretroviral Therapy (SMART) treatment interruption study, investigators evaluated electrocardiograms of 4,831 HIV-positive patients with
no prior ischemic heart disease and found that
more than 10% had asymptomatic ischemic heart
disease.230 A marginally significant reduced risk
208

of asymptomatic heart disease was observed in
patients who were using a non-nucleoside reverse
transcriptase inhibitor (NNRTI) (P=.05); however,
no association was observed between ART duration and asymptomatic ischemic heart disease.230
In a large prospective observational study of
23,437 HIV-positive patients, longer duration of
exposure to PIs was associated with increased risk
of myocardial infarction, whereas no such relationship was observed with NNRTIs.231 Findings
were consistent with prior studies that found an
increased incidence of coronary artery disease and
myocardial infarction in HIV-positive patients
receiving ART.218,232,233
In the context of increased use of ARV medications that have less impact on lipid metabolism,
however, the occurrence of ART-related lipodystrophy and cardiovascular risk factors are decreasing. In a recent report from the Swiss HIV Cohort
Study, the likelihood of developing lipodystrophy
decreased as the percentage of patients receiving
stavudine, didanosine, and nelfinavir declined; the
percentage taking lopinavir, nevirapine, and efavirenz remained stable; and the percentage taking
atazanavir and tenofovir increased.234 Other factors
that may be contributing to this observed decline
include the increased use of lipid-lowering drugs
and lower prevalence of smoking.208,231

Nutrition and ART: Safety,
Efficacy, and Adherence
Nutritional interventions may affect the safety
and efficacy of ART and enhance adherence.
Nutritional interventions may also have beneficial effects on HIV-related outcomes among individuals receiving ART, including reduced rate
of disease progression, enhanced immune function, reduced viral load, and decreased mortality.
Malnutrition at the time of starting ART has been
identified as a significant independent predictor
of reduced survival.235 Additionally, improvements

From the ground up: Establishing a Framework for Success

ARV-food interactions have been reviewed in further detail by Nerad et al.241
In patients receiving ART, micronutrient supplementation may help to correct ART-associated
adverse effects. For example, iron may help
reduce AZT-associated hematologic toxicity and
anemia.242 Vitamin E may help reduce metabolic
abnormalities associated with ART, including
body fat redistribution, dyslipidemia, insulin resistance, and serum lactate.243 Vitamin B-12 has been
identified as a potential adjunct to reduce AZTassociated hematologic toxicity,244 and B-complex
vitamins may attenuate NRTI-associated lactic
acidosis. Antioxidant supplementation (including vitamin E, beta-carotene, N-acetylcysteine,
selenium, gingko biloba extracts, and nutritional
supplements) has demonstrated benefits in asymptomatic stable chronic hyperlactatemia in HIVpositive patients taking NRTIs.245 Antioxidants,
such as selenium, Vitamin C, and Vitamin E, may
also reduce NF-κB activation, which is implicated
in viral transcription.
Nutritional management is an integral part of
care and treatment of HIV-positive patients on
ART. Effective management of macronutrient and
micronutrient undernutrition may alleviate ARTrelated adverse effects. Improved nutritional status
and overall health may also have beneficial effects
on adherence, immune reconstitution, survival,
and quality of life.242 For example, in a randomized
trial in Zambia, provision of monthly household
food rations (micronutrient-fortified corn-soya
blend) to food-insecure HIV-positive patients
initiating ART increased adherence by 40%, compared with nonparticipants, although there were
no significant differences in weight gain between
the two groups.246
The majority of research on ART and its related
complications has been conducted in developed
countries, among well-nourished HIV-positive individuals. However, some studies have demonstrated
Science and Treatment of HIV Infection
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in nutritional status may reduce the occurrence
of adverse events associated with ART, including
diarrhea, nausea, peripheral neuropathy, anemia,
and fatigue, and mitigate ART-related metabolic
complications. Reducing the occurrence of these
side effects may lead to significant improvements in safety, efficacy, and adherence to ART
and enhance survival and overall quality of life.
Preservation of first-line regimens would also
contribute to improved virological suppression
and clinical success and have considerable cost
implications in resource-limited settings.
Nutritional interventions and ART may interact through a number of potential mechanisms:
(1) nutritional status may affect ART absorption,
metabolism, distribution, and excretion; (2) ARVs
may affect nutrient absorption, metabolism, distribution, and excretion; (3) ART side effects may
reduce dietary intake; and (4) ARVs and certain
nutrients may lead to side effects.
Nutrition-ART interactions may adversely
affect the safety and efficacy of ART. For example,
significantly decreased plasma concentrations of
the PI saquinavir were observed in healthy volunteers with long-term use of garlic supplements.236
Decreased cytochrome P450 activity and reduced
expression of P glycoprotein were observed with
the ingestion of the African potato (Hypoxis
hemerocallidea) and Sutherlandia frutescens,
which are commonly used for symptom relief in
HIV-positive patients in some resource-limited
settings. These cofactors are important components of medication transport; therefore, Hypoxis
hemerocallidea and Sutherlandia frutescens
likely increase ARV toxicity.237,238 St. John’s wort
(Hypericum perforatum), a popular herbal supplement, may significantly reduce plasma levels of
NNRTIs and PIs.239 Similarly, in a small study in
HIV-negative healthy volunteers, concomitant
administration of high doses of vitamin C reduced
steady-state indinavir plasma concentrations.240

similar adverse effects of ART in less-developed
settings. For example, in a cross-sectional study in
India, 46% of patients taking first-line ART for more
than one year had significant fat redistribution.
Dyslipidemia and hyperglycemia were also more
commonly reported among HIV-positive patients
on ART; lipodystrophy was particularly prevalent
among patients receiving stavudine-based ART regimens.247 This finding is of particular concern, as stavudine is the most widely utilized ART regimen in
resource-limited settings, due to its comparatively
lower cost.247-249

Programmatic Implications
Comprehensive programs that concurrently target HIV/AIDS and nutrition are central to fostering long-term improvements in population
health. Essential to this comprehensive approach
is the training of health-care providers, community health workers, and caregivers on nutritional
assessment, counseling, food-drug interactions,
and adherence. It is also critical to involve patients
and caregivers in the planning and development
of individual nutritional and medication plans. In
order to strengthen home- and community-based
programs, provision of nutritional tool kits (e.g.,
dietary plans, medications, and meal schedules)
and integration of nutritional management, specific nutritional-ARV interactions, and adherence
into nutritional counseling, staff training, and
supervision systems are recommended.23
Establishment and strengthening of linkages
to governmental and nongovernmental actors, as
well as the private sector, are needed to develop
sustainable, long-term improvements in the health
and nutritional status of HIV-positive populations.
Forging linkages with nongovernmental organizations and the private sector may ensure that foods
and supplements are tailored to meet the specific
needs of people living with HIV and are manufactured in-country. Public-private partnerships may
2 10

also inform the development of cost-effective and
sustainable nutritional interventions. To ensure
greater food security, it is critical to incorporate
poverty alleviation strategies, microfinance opportunities, and intersectoral collaboration, in order
to maximize programmatic integration and longterm sustainability.

Nutritional Assessment and
Counseling
Assessment of nutritional status is an essential
component of HIV care and treatment and should
be conducted as part of routine screenings in HIV/
AIDS programs. Some nutritional assessment
techniques, such as DEXA, are optimal under
controlled environments but remain prohibitively
expensive and challenging to implement in field settings. However, even in the most resource-limited
contexts, screening for nutritional status can be
achieved through assessment of anthropometry
(e.g., MUAC), dietary intake, and clinical examinations, with minimal training and financial resource
investment. Initial assessment of dietary intake patterns, food security, and type and seasonal availability of local foods should also be paired with an
evaluation of individual-level nutritional needs,
ARV regimens, and specific nutritional-ART interactions. Although BIA and biochemical methods
are excellent measures of body composition and
micronutrient status, these assessment techniques
are comparatively more resource intensive and
pose programmatic and operational challenges for
large-scale implementation in developing regions.
Additionally, BIA needs to be further validated
among HIV-positive populations in resourcelimited settings in the ART era.
Nutritional counseling can enable health-care
professionals to identify and address barriers to
nutritional management. Dietary counseling can
also provide information and support to HIVpositive individuals and their caregivers regarding
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Nutritional Interventions for
People Living with HIV
In addition to dietary assessment and counseling,
nutritional interventions are warranted to meet the
nutritional requirements of people living with HIV.

Adult Men and Women
Based on current scientific evidence, the major
macronutrient recommendation for HIV-positive
adults is to increase energy intake by 10% among
asymptomatic individuals and by 20% to 30% in
symptomatic adults. These energy requirements
should be achieved through food-based approaches
whenever possible; there is currently no evidence
to support specific increases in protein or other
macronutrients or for changes in the usual composition of a balanced diet.28
In HIV-positive adults, multivitamin supplementation of vitamins B-complex, C, and E is
recommended to slow HIV disease progression
and reduce the risk of associated mortality.250
Micronutrient supplementation may also be beneficial as an adjunct to ART. There is currently no
conclusive epidemiological evidence to support the
specific use of other micronutrient supplements in
HIV-positive adults.251

Pregnant and Lactating Women
and Children
Multivitamin supplementation (vitamins B-complex,
C, and E) is strongly recommended for HIV-positive
pregnant women, based on its demonstrated effect
on pregnancy outcomes, such as low birth weight
and fetal death. Vitamin A supplementation should
be avoided for HIV-positive pregnant and lactating women, due to the associated increased risk
of MTCT as identified in some randomized trials. However, dietary intake of vitamin A by these
women should remain adequate and consistent
with recommended dietary allowances. In accordance with WHO guidelines, daily folate and iron
supplementation is recommended for HIV-positive
pregnant women to reduce the risk of neural tube
defects, maternal anemia, and other adverse pregnancy outcomes. However, the safety and efficacy
of iron supplementation urgently needs to be established in HIV-positive pregnant women.182 There
is currently no strong epidemiological evidence
to support the use of other micronutrient supplements, such as zinc and selenium, among pregnant
and lactating HIV-positive women.252
As per the recommendations of WHO and
the Joint United Nations Program on HIV/AIDS
(UNAIDS), HIV-positive pregnant women should
receive ARV prophylaxis for prevention of MTCT.
HIV-positive mothers should avoid breastfeeding
“when replacement milk is acceptable, feasible,
affordable, sustainable and safe.”253,254 In settings
where alternatives to breastfeeding are not viable,
exclusive short-course (six month) breastfeeding
and early weaning are recommended, followed by
appropriate introduction of complementary foods;
mixed feeding is to be avoided.
Children represent another vulnerable group
warranting particular attention in the context of
HIV and nutrition. Adequate nutritional support
for HIV-positive children is 20% to 30% greater
than the total energy intake requirements for
Science and Treatment of HIV Infection
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specific dietary intake, nutritional needs, nutritional requirements of medications, and contra
indicated foods, in order to achieve optimal nutritional status and ARV safety and efficacy.
In integrated nutrition and HIV programs, it
is important to consider poverty-related factors
that fuel the dual epidemics of undernutrition and
HIV/AIDS. Consideration of household- and community-level factors such as food security, type and
seasonal variation of foods, patterns of household
food utilization and distribution, potential gender
inequalities, and protection of vulnerable populations should be incorporated into nutritional
counseling related interventions.

HIV-negative children. Vitamin A supplementation should be avoided in the first months of life,
due to increased risk of MTCT of HIV. However,
periodic vitamin A supplementation for children
older than six months (preferably at the time of
early weaning) is recommended regardless of
infant HIV status, based on its benefits in reducing
all-cause morbidity and mortality.255 Nutritional
support for the infant (e.g., micronutrient-fortified foods) is also suggested, starting at the time of
early weaning through 30 months of age, in order
to reduce the risk of stunting.

Monitoring and Evaluation
Monitoring and evaluation are essential to effective
delivery of nutrition and HIV/AIDS services. Food
aid programs are currently being implemented in
many developing countries, with a focus on the
provision of nutritional support for people living
with HIV; however, there is limited scientific evidence to support the nutritional composition of
many of these interventions and a lack of evaluation of these food aid programs. This poses challenges to the development of recommendations for
universal nutritional programs for a broad range of
contexts.256 Incorporation of operational research
initiatives and program evaluation are needed to
provide a stronger evidence base for integrated
HIV and nutrition programs, and to inform effective delivery of services to HIV-positive populations in resource-poor settings.

Research Gaps and Future
Directions
There is a paucity of evidence-based interventions
that concurrently target HIV and undernutrition
among individuals on ART in developing countries. Most nutritional intervention studies to date
have been conducted in developed countries and
among HIV-positive patients with relatively better immunological and nutritional profiles. Studies
2 12

have been characterized by methodological limitations such as small sample sizes, short duration of
follow-up, lack of nutritional supplementation, and
inadequate assessment of HIV-related outcomes.
There is an urgent need for clinical, epidemiological, and operational research on nutrition and
HIV/AIDS in the ART era to inform HIV/AIDS
care and treatment in resource-limited settings.
Specific nutritional recommendations are needed
for HIV-positive adults at pre-ART disease stages
and for individuals on ART. The effect of nutritional interventions on ART safety and efficacy
needs to be evaluated to ensure ART adherence,
quality of life, long-term retention, and survival in
HIV/AIDS care and treatment programs.
Areas for further research include nutrition and
HIV, nutrition-pharmacological interactions, and
vulnerable populations, such as pregnant and lactating women and children.

Nutrition and HIV
• Further research is warranted to establish the
appropriate nutritional content and form of aid
that can be provided to people living with HIV
in resource-limited settings. Dietary supplements using a range of locally available foodstuffs are needed to overcome severe weight
and nutritional loss during acute illness.
• Research is needed to develop palatable, affordable, available, and acceptable nutritional interventions, with ongoing feedback from individuals, caregivers, and health professionals.
Identification of locally appropriate, sustainable
methods of increasing dietary intake to meet the
additional energy and micronutrient requirements of HIV-positive individuals in resourcelimited settings is also needed.
• Further research is warranted to determine if
specific protein or amino-acid-based interventions are efficacious in reducing morbidity and
mortality among HIV-positive individuals.
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•

•

•

Nutrition-Pharmacological Interactions
• Additional research is warranted to develop
evidence-based recommendations for specific
nutrition-pharmacological interactions, and
consideration of the role of traditional medicine and local diets in these settings. Greater
understanding of the interactions between
ARVs and traditional medicines will help to
promote optimal medication safety and efficacy and to reduce the risk of adverse interactions and side effects.
• The generalizability of findings in the aforementioned studies, which have primarily been
conducted in developed countries, to resourcelimited settings characterized by chronic undernutrition has not been established. The effects
of preexisting nutritional deficits on ARV safety
and efficacy and the metabolism of nutrients
and ARVs are unknown. Malnutrition may
adversely affect the efficacy of certain ARVs;
therefore, specific nutritional interventions may
play a profound role in mitigating these effects.
Conversely, the impact of ARVs on the nutritional and immunological status of chronically
malnourished individuals has not been well
documented.
• There are limited data regarding the prevalence
of metabolic complications in long-term use of
ART in resource-limited settings. However, as
ART access is scaled up in these settings and
the average lifespan of HIV-positive individuals increases, there is growing need for evidence
regarding prevention, diagnosis, and management of the metabolic consequences of ART.
Many metabolic complications associated with
ART may potentially be corrected with nutritional modifications; for example, a high-fiber
diet may help with improving lipodystrophy,
and vitamin D and calcium supplementation
may help to correct derangements in bone mineral metabolism.
Science and Treatment of HIV Infection
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Specifically, additional research is needed to
elucidate the role of particular proteins or
amino acids, including threonine, methionine,
and glutamine, in HIV-positive patients.
Additional research is needed to evaluate the
potential long-term benefits and adverse effects
of anabolic steroids, optimal doses, and methods of administration. Furthermore, the correlation of improved lean body mass with more
clinically relevant endpoints, such as physical
functioning, morbidity, and mortality, needs to
be determined.135
There is insufficient evidence regarding the
relative benefit of administering single versus
multiple RDA levels of micronutrients to HIVpositive individuals or the exact doses required.
Although multiple-RDA multivitamin supplementation (including B-complex, C, and E) has
demonstrated a consistent beneficial effect on
immunological function among HIV-positive
individuals, the generalizability of findings to
HIV-positive individuals on ART has not yet
been established.
Due to concerns regarding iron supplementation among HIV-positive individuals, the efficacy and safety of routine iron supplementation—in HIV-positive individuals in general
and in HIV-positive pregnant women in particular—urgently needs to be examined.
Additional research is warranted to examine interactions between foods and nutrients
among of HIV-positive individuals on ART.
Micronutrients can have synergistic or antagonistic effects; for example, iron supplements may
decrease zinc absorption,257,258 and high doses of
zinc can interfere with the absorption of iron
and copper.259,260 Further research is warranted
to examine nutrient-nutrient interactions and
evaluate complementary dietary approaches,
such as food fortification as adjuncts to ART
and nutritional supplementation.

Vulnerable Populations: Pregnant and
Lactating Women and Children
• Additional research is needed regarding nutrition and ART in HIV-positive pregnant women;
specifically, the potential impact of ART on the
nutritional needs of pregnant women and the
optimal nutritional supplementation during
pregnancy. There is insufficient evidence to suggest that iron-folate recommendations should
differ for HIV-positive pregnant women; however, the safety and efficacy of iron supplementation among HIV-positive pregnant women
needs to be established.
• Additional research is needed regarding the
potential effect of ART on the nutritional needs
of lactating women, particularly in resourcelimited settings where breastfeeding is ubiquitous. ARVs affect nutritional status, body composition, breast growth, and lipid metabolism;
however, the impact of ART on breast milk
composition in HIV-positive lactating women
is unknown.
• Further research is urgently needed to examine the potential impact of ART on the growth,
development, and nutritional status of HIVpositive and negative children born to mothers living with HIV in regions characterized by
extensive malnutrition and overlapping epidemics of HIV/AIDS and undernutrition.

Conclusion
Nutritional management and universal access to
ART are essential weapons in the arsenal against
HIV/AIDS. Nutritional management represents an
important adjunct to ART, and may improve ART
safety, efficacy, and adherence; reduce the impact
of ARV side effects; alleviate the nutritional consequences of ART; and increase survival and quality
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of life. In the context of rapid scale-up of ART,
comprehensive HIV/AIDS care and treatment programs including integrated nutritional management are of paramount importance.
Nutritional status coupled with dietary counseling should be considered by governments and
external aid agencies involved in providing health
services and evidence-based programmatic recommendations for people living with HIV. This
would facilitate the rapid identification and resolution of nutritional problems and confer benefits
such as improved nutritional status, improved
health, and reduced disease progression in affected
populations. However, ensuring access to ART
should remain the top priority of these agencies,
as treatment has the single largest beneficial effect
on nutrition and survival in individuals with HIV/
AIDS.
There is an urgent need for further research to
inform optimal clinical and nutritional management of the HIV-positive individual. Areas in
need of further study include: nutritional assessment, nutrition-ART interactions, safe and efficacious dosages of multivitamin supplementation
(single-dose RDA vs. multiples of the RDA) to
delay disease progression, nutritional composition
of macronutrient supplementation, identification
and development of palatable and locally available
foods to improve nutritional status, and effects of
ART on growth and development in HIV-positive
children.
The overlapping pandemics of HIV/AIDS and
undernutrition pose serious clinical and programmatic challenges to health-care providers in resourcelimited settings. As access to ART is rapidly scaled
up, commensurate increases in nutritional management are urgently needed to ensure the health and
well-being of all those living with HIV.
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HIV Postexposure Prophylaxis:
General Recommendations and
Lessons Learned from Jos University
Teaching Hospital, Nigeria
Raphael Onu Ojoh,a John Idoko,b Bitrus Badung,c Patricia Agaba,a and Oche Agbajib
AIDS Prevention Initiative in Nigeria (APIN), Nigeria
Department of Medicine, University of Jos, Nigeria
c
Department of Medical Microbiology, Jos University Teaching Hospital, Nigeria
a

b

Jos University Teaching Hospital (JUTH) is situated in Jos, the capital city of Plateau State in the north-central
region of Nigeria. It is a tertiary health facility serving a region comprising six states. Plateau State has an HIV
prevalence rate of 6.3%, which is above the national rate of 4.4%.1 The antiretroviral therapy (ART) clinic at
JUTH cares for about 12,000 patients living with HIV, representing one of the largest ART clinics in Nigeria.
The hospital’s laboratory is equipped to perform HIV antibody screening, Western blot (for confirmatory
testing), and tests for viral load, CD4 lymphocyte count, hematology, liver function, pancreatic amylase, electrolytes, and creatinine. The HIV postexposure prophylaxis (PEP) program has access to the same laboratory
services used for HIV patient care. An infection prevention and control team at JUTH oversees the provision
of PEP. Members of that team include a physician, laboratory scientist, nurse counselor, patient tracker (for
patient follow-up), and pharmacist. The team is also responsible for the sensitization of hospital staff on safety
measures to prevent exposures to HIV in the course of their work.

I

n an attempt to reduce the spread
of HIV infection among health-care workers at
JUTH, a committee was set up to oversee and
manage cases of accidental occupational and nonoccupational exposure that carried a risk of HIV
infection. Over three years, we monitored healthcare workers (occupational) and others (nonoccupational) who were exposed to the blood, tissue, or
body fluids of patients who were HIV positive or
of unknown status. Exposed individuals received
risk assessment, counseling, HIV testing, and,

if deemed appropriate, HIV PEP to prevent HIV
infection.
The information presented in this chapter is
based on lessons learned from the provision of
PEP at JUTH, as well as general guidelines and
recommendations for PEP in resource-limited
settings. Although many of the recommendations
in this chapter may be applicable to settings other
than JUTH, it is important to modify approaches
to PEP based on local conditions and the patient
population being served.
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Definition of Postexposure
Prophylaxis
HIV PEP is drug therapy given to prevent HIV
infection after direct contact with blood, tissue, or
body fluids believed to be from an HIV-positive
source. PEP is aimed at preventing HIV from invading sites of the human body known as “sanctuaries,”
which include the lymph nodes and testes. Within
the first 72 hours of HIV exposure, these sites are
thought to be invaded by the virus, which remains
there permanently. Therefore, administering HIV
PEP within 72 hours of exposure to HIV is the most
effective way of preventing HIV infection.

Types of HIV Exposure
Warranting PEP
There are basically two types of exposure that may
warrant PEP: occupational and nonoccupational.
Occupational exposure occurs when, in the
course of his or her work, an individual is exposed
to blood, tissue, or body fluids from an individual
who is confirmed or believed to be HIV positive.
This type of exposure is more common in hospitals
and clinics but can occur anywhere as long as the
exposed individual was performing work duties at
the time of the incident.
Nonoccupational exposure, as the name
implies, occurs outside the workplace and is not
associated with the individual’s job. This type of
exposure includes rape and sexual assault, condom breakage during sexual intercourse with an
HIV-positive individual, and contact with HIVcontaminated blood or body fluids outside one’s
place of work (e.g., at an accident scene).
Other instances of nonoccupational exposure
include human bites, fights that involve the shedding of blood, and rituals and other practices that
involve the exchange of blood and blood products. Practices such as scarification, female genital
mutilation, and local surgeries in which equipment
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sterility cannot be guaranteed may also lead to
nonoccupational exposure.
Nonoccupational exposure cases from rape and
sexual assaults are commonplace and frequently
go unreported because the survivor fears molestation and embarrassment from the public and
relatives. Most referrals of rape cases are received
from peripheral health facilities. Thus, it is important that health-care providers at all levels are fully
aware of the availability of PEP services and the
short response time required for effective treatment. Health-care workers should also be able to
assess the patient’s risk of exposure according to
the type of contact that has occurred. Sexual assault
and rape are violent acts that can result in cuts and
abrasions—injuries increase one’s risk of exposure
to HIV and should therefore be treated with the
utmost seriousness. In addition to PEP, survivors
of rape and sexual assault should be offered antibiotics to protect them from other sexually transmitted infections and should receive extensive psychological counseling.

Criteria for Receiving HIV PEP:
Definition of Low and High
Risk
Occupational Exposures
The following occupational exposures are at high
risk for HIV infection:
• Severe percutaneous deep injury (e.g., cut during amputation, piercing by bone speckle, deep
penetrating injury during a medical procedure)
• Direct contact with a large amount of blood
(e.g., blood splash)
• Visible blood of the source person on the invasive device
• Needle-stick injury from a needle that has
been in contact with the source patient’s artery
or vein
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his or her status. If the screening test is negative
and the patient is not at high risk for HIV infection,
the injury may be considered not a risk for HIV
infection and therefore may not require HIV PEP,
especially in a low-prevalence setting. However,
in JUTH and many other settings in sub-Saharan
Africa where there is a high prevalence of HIV, PEP
may be considered even though the source patient
is found to be negative for HIV antibodies.
Polymerase chain reaction (PCR) testing of the
source person when available may be advised after
a negative screening test if that person meets any of
the following criteria:
• Child under 18 months of age born to an HIVpositive mother
• Recent history of unprotected sexual intercourse
with a person of unknown HIV status (an earlier clinical history to elicit this is important)
• One of a discordant couple
• An indeterminate result from a Western blot
test (PCR can be used as a tiebreaker)

Nonoccupational Postexposure
Prophylaxis
In cases of potential nonoccupational exposure, risk
should be assessed based on the HIV status of the
source (if known) and the type of exposure. Figure
1 (next page) provides a basic algorithm for the
assessment and management of nonoccupational
exposure risk. As with all HIV PEP, the exposure
must have occurred less than 72 hours from the initiation of treatment in order for non-occupational
postexposure prophylaxis (nPEP) to be effective.

Procedures for
Administering PEP
Administering PEP after a potential exposure is a
relatively straightforward process. HIV screening
of the exposed person is done within the first hour
of presentation. If the exposed person is found to
be HIV negative and it is determined that there is
Science and Treatment of HIV infection
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• Source patient known to be in the acute seroconversion stage or advanced stage of HIV
disease
The following circumstances constitute a low
risk for HIV infection:
• Contact with mucous membrane or nonintact
skin
• Contact with a small amount of blood (i.e., a
drop of blood)
• No blood from the source person visible on the
invasive device
• An abrasion with no significant bleeding
• Source person with asymptomatic HIV infection and/or low viral load
When mucous membrane or nonintact skin is
exposed to a large amount of blood (e.g., blood
splashing into the eye), it is considered a high risk
for HIV infection because of the quantity of blood
involved and the susceptibility of the exposure site.
Exposures to other body fluids, such as pleural,
pericardial, peritoneal, and amniotic fluids, though
they may lead to HIV infection, are termed low risk
because they contain a lower viral count compared
with that of blood or blood products. In all cases of
potential exposure, the source blood or body fluid
must be confirmed as being from an HIV-infected
individual whenever possible.
The key issue in deciding whether a person
should receive PEP is the determination of whether
a potential exposure to the infectious material has
occurred (see Tables 1 and 2). For potential exposure to occur, there has to be a break in the lining of
the skin, as with a needle-stick injury, cuts by sharps
contaminated with HIV-positive fluid, or a spill or
splash of contaminated fluid over an open wound.
A mere splash or spill of contaminated fluid over
intact skin is not considered a potential exposure.
If the HIV status of the source patient is
unknown or has not been verified by a trustworthy
source, that patient will have to be screened for HIV
antibodies after appropriate counseling to confirm

Negligible
exposure risk

Substantial
exposure risk
 72 hours
since exposure

 72 hours
since exposure
Source patient
known to be
HIV positive

Source patient
of unknown
HIV status

nPEP
recommended

case-by-case
determination

nPEP not
recommended

Substantial Risk for HIV Exposure

Negligible Risk for HIV Exposure

Exposure of
vagina, rectum, eye, mouth, or other
mucous membrane, nonintact skin,
or percutaneous contact

Exposure of
vagina, rectum, eye, mouth, or other
mucous membrane, nonintact skin,
or percutaneous contact

With
blood, semen, vaginal secretions,
rectal secretions, breast milk, or any
body fluid that is visibly contaminated
with blood

With
urine, nasal secretions, saliva,
sweat, or tears if not visibly
contaminated with blood

When
the source is known to be
HIV-positive

Regardless
of the known or suspected HIV
status of the source

nPEP = non-occupational postexposure prophylaxis

Figure 1. Algorithm for evaluation and treatment of possible non-occupational HIV exposures
Source: Smith DK et al.2

a risk of HIV exposure that warrants PEP, antiretroviral (ARV) drugs are given. A blood sample is
also collected from the exposed person for baseline investigations to monitor drug toxicities such
as hepatitis and anemia. The HIV test is performed
immediately because the provision of HIV PEP is
highly time sensitive. A PEP officer is stationed in
the ART clinic, where counseling and HIV screening are given as soon as the exposed individual is
seen. The pharmacy has a stock of ARVs that are
administered to those at risk on the instruction of
the head of the PEP team, who is a physician.
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The PEP officer will usually ask preliminary
questions about the nature of injury to rule
out “assumed injury.” Whenever possible, it is
essential to verify whether the source person is
HIV positive. Instances abound when PEP that
was commenced outside the hospital had to be
stopped because the source patient was confirmed
to be HIV negative. Some health-care workers
are not aware that PEP is given only when the
source person is known to be HIV positive or of
unknown status, regardless of the severity of the
worker’s injury.
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Infection Status of Sourcea
HIV
Negative

HIV Positive
(Class 1)

HIV Positive
(Class 2)

Unknown HIV
Status

Unknown
Source

Low risk (e.g., solid
needle, superficial
injury)

No PEP
warranted

Recommend
basic 2-drug
PEP

Recommend
expanded
≥3-drug PEP

Generally, no
PEP warranted;
however, consider basic 2-drug
PEP for source
with HIV risk
factorsa,b,c

Generally, no PEP
warranted; however, consider
basic 2-drug PEP
if exposure to
HIV-infected persons is likely

High risk (e.g.,
large-bore hollow
needle, deep puncture, visible blood
on device, needle
used in patient’s
artery or vein)

No PEP
warranted

Recommend
expanded
≥3-drug PEP

Recommend
expanded
≥3-drug PEP

Generally, no
PEP warranted;
however, consider basic 2-drug
PEP for source
with HIV risk
factors

Generally, no PEP
warranted; however, consider
basic 2-drug PEP
if exposure to
HIV-infected persons is likely

Exposure Type

a

HIV positive (class 1): asymptomatic HIV infection or known low HIV RNA viral load (e.g., <1,500 copies/mL); HIV positive (class
2): symptomatic HIV infection, AIDS, acute seroconversion, or known high viral load; unknown HIV status: for example, a deceased source person with no samples available for HIV testing; unknown source: for example, a needle from a sharps disposal
container.
b
The recommendation “consider PEP” indicates that PEP is optional; a decision to initiate PEP should be based on a discussion between the exposed person and the doctor regarding the risks versus benefits of PEP.
c
If PEP is offered and administered, and the source is later determined to be HIV negative, PEP should be discontinued.
Source: Clinical Manual for Management of the HIV-Infected Adult.4

Criteria for Provision of PEP
The question of who should access PEP continues
to be discussed in the medical community because
of the serious consequences of seroconversion.
The following guideline is based on the Nigerian
national guidelines3 for administration of ARVs for
both occupational and nonoccupational exposure.
For an individual to access HIV PEP, the following criteria must be met:
• Patient has been exposed to HIV-contaminated
fluid, blood, or tissue within 72 hours of initiation of therapy.
• There is confirmation that actual exposure is
highly likely to have occurred (i.e., patient has
had low- or high-risk contact with blood, tissue,

or other body fluids from source person known
to be HIV positive or of unknown status).
• Exposed individual has been screened for HIV
antibodies and found to be seronegative.

Counseling for HIV PEP
A brief counseling session takes place before
the exposed person is sent for HIV screening.
Counseling provides reassurance and is also needed
to obtain consent for an HIV screening test. After
screening, posttest counseling is provided, and the
results are reviewed by the same doctor who prescribes ARVs. If the patient is found to be eligible
for PEP, the physician and the pharmacist provide
drug adherence counseling. Possible adverse effects
Science and Treatment of HIV infection
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Table 1. Recommended HIV Postexposure Prophylaxis after Percutaneous Injuries

Table 2. Recommended HIV Postexposure Prophylaxis after Mucous Membrane and Nonintact Skin
Exposuresa
Infection Status of Sourceb
Exposure Type

HIV
Negative

HIV Positive
(Class 1)

HIV Positive
(Class 2)

Unknown HIV
Status

Unknown
Source

Small Volume
(e.g., a few drops)

No PEP
warranted

Consider
basic 2-drug
PEPc

Recommend
basic 2-drug
PEP

Generally, no
PEP warranted

Generally, no PEP
warranted

Recommend
expanded
≥3-drug PEP

Generally, no
PEP warranted;
however, consider basic 2-drug
PEP for source
with HIV risk
factorsd

Generally, no
PEP warranted;
however, consider basic 2-drug
PEP if exposure
to HIV-infected
persons is likely

Large Volume
(e.g., a major blood
splash)

No PEP
warranted

Recommend
basic 2-drug
PEP

For skin exposures, follow-up is indicated only if evidence exists of compromised skin integrity (e.g., dermatitis, abrasion, or

a

open wound).
HIV positive (class 1): asymptomatic HIV infection or known low HIV RNA viral load (e.g., <1,500 copies/mL); HIV positive
(class 2): symptomatic HIV infection, AIDS, acute seroconversion, or known high viral load; unknown HIV status: for example,
a deceased source person with no samples available for HIV testing; unknown source: for example, a needle from a sharps
disposal container.
c
The recommendation “consider PEP” indicates that PEP is optional; a decision to initiate PEP should be based on a discussion between the exposed person and the doctor regarding the risks versus benefits of PEP.
d
If PEP is offered and administered, and the source is later determined to be HIV negative, PEP should be discontinued.
b

Source: Clinical Manual for Management of the HIV-Infected Adult.4

of the drugs and ways to manage them are also
explained at this time. A dedicated phone number
is given in case the patient has questions about side
effects or other treatment issues, and HIV prevention counseling is provided. The patient is advised
to abstain from unprotected sexual intercourse and
blood donation during the treatment period.

Selection of ARV Drugs for HIV
PEP
ART for HIV PEP consists of drugs known to be
efficacious while producing minimal side effects.
The goal is to give the most effective ART within the
shortest time and with the least chance of adverse
reactions. For HIV PEP, two or three drugs from one
or two classes of ARVs are used. Two drugs from
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the same class are used for low-risk cases, while
three drugs from two classes are used for high-risk
cases. JUTH offers three ARVs when it cannot be
determined whether the exposure was low or high
risk. The most widely used drugs for PEP are zidovudine (AZT), lamivudine (3TC), indinavir (IDV),
and lopinavir (formerly called ABT-378).
ARV selections are ideally based on whether
exposure is deemed to be high or low risk. In highrisk situations, we offer two nucleoside reverse
transcriptase inhibitors, usually AZT and 3TC
(Combivir) and IDV/r (a ritonavir-boosted protease
inhibitor). Nevirapine is avoided because of the risk
of hypersensitive reactions, which are more common among patients with high CD4 counts (males
>400 cells/mm3 and females >250 cells/mm3).

From the ground up: Establishing a Framework for Success

Experiences from Juth
Accessing HIV PEP begins at the point of exposure. All the wards, theaters, and dressing/injection
rooms in JUTH have notices on where and how to
access PEP after exposure. Heath-care workers have
also received training on injection safety and universal precautions, and have attended a sensitization workshop on PEP. When a potential exposure
occurs, the officer in charge of the unit is notified,
and then the PEP officer is informed. The PEP officer has an open telephone number that is widely
circulated to allow for unrestricted access. The hospital PEP team is headed by a physician assisted by
a pharmacist. Other members of the team include
a counselor and a laboratory scientist. This team is
on call 24 hours a day, and all have one another’s
phone numbers for ease of communication.
PEP drugs are always available for dispensing
on instruction. The time to complete all needed
steps varies from 15 to 20 minutes. However, universal precautions are usually undertaken even
before notification (i.e., the site of injury is washed
with clean running water using soap or liquid
detergent). Because of panic, some health-care
workers use bleach to wash their hands; this may
not be necessary because clean water and soap are

sufficient. When the conjunctiva is involved, the
exposed person should use only clean water to irrigate the eyes; using soap on the eyes could increase
the chances of infection and irritation.
We have found that it can be challenging to
counsel health-care workers to receive HIV tests,
the prerequisite for receiving HIV PEP. In some
instances, health-care workers have refused HIV
screening for fear of being diagnosed as HIV positive. This fear can often be allayed through reassurance that testing is voluntary and confidential.
Exposed persons who refuse counseling and testing at the facility where they work are referred to
another facility to receive the necessary intervention. In practice, it is difficult to deliver an HIVpositive result to a co-worker. Physicians are sometimes the most difficult cases; often they are willing
to take PEP to prevent infection but do not want to
be screened for HIV infection. Despite these difficulties, the policy at JUTH is that refusal to have
HIV testing at baseline does not delay initiation of
PEP. PEP is begun while the health-care worker
receives further counseling on the need for the test,
as PEP is usually not adequate to treat HIV infection if the HIV test is positive at baseline.
Challenges also arise when the source patient
refuses HIV screening. In such cases, we proceed to
manage the health-care worker or other potentially
exposed individual as a case of high-risk exposure.
It is also important to take a thorough history from
the source patient to determine whether the risk of
exposure is high and, if so, the anticipated window
of opportunity. If the risk for recent exposure is
high but the source person is found to be seronegative, a repeat screening test should be provided at
a later date. In that case, the exposed person is still
offered HIV PEP because of the high HIV prevalence in the JUTH setting.
Needle-stick injury occurring in the course of
pediatric care when the mother is known to be
HIV infected is followed by mandatory PCR on the
Science and Treatment of HIV infection
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The decision to prescribe ARVs for PEP is also
based on whether the source patient (and/or the
patient’s mother in the case of a pediatric source
patient) is responding well to a particular ART regimen. For example, if the source patient has failed
first-line therapy, the transmitted HIV strain may
be drug resistant. This would necessitate elaborate investigation, including an HIV drug resistance test, to establish the most effective therapy.
In the absence of these tests, the choice of drugs
for PEP should be based in part on empiric HIV
drug resistance data of first-line therapy failures. A
complex case such as this, while possible, is a rare
occurrence.

child if under 18 months of age, because an antibody test is not reliable for young infants (in settings that cannot offer PCR, the exposed individual
should be offered PEP). For children older than 18
months, an antibody test should be done on the
child after the parents receive counseling.
Preliminary investigations are usually done
before commencement of PEP to establish a baseline for monitoring any abnormalities in organ
functions caused by drug side effects. These
include a liver function test (liver enzymes such as
alanine and aspartate transaminases, total proteins,
and alkaline phosphatase), serum urea and creatinine (for renal function), and pack cell volume or
hemoglobin (for anemia and to possibly exclude
the use of AZT). These investigations are repeated
if the patient presents with symptoms suggesting an adverse reaction to the drugs. Patients are
encouraged to report any side effects to the PEP
team directly or to call a dedicated telephone line
for further assistance.

Challenges and Next Steps
Based on our experiences, some challenges related
to the effective use of PEP include the following:
• Mandatory HIV screening prior to PEP initiation may not be widely acceptable.
• PEP is not 100% effective, so seroconversion
could occur regardless of adherence to the PEP
regimen.
• People who have been exposed to ARVs and
subsequently seroconvert may develop resistance if the initial dose was suboptimal or if less
than three ARV drugs were given.
• Not enough studies have been done on PEP in
humans. PEP knowledge to date is largely based
on animal studies.
• Follow-up for cases of HIV PEP is poor, and
cases of rape and sexual assault are often reported very late, making ARVs less efficacious.
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• JUTH is short staffed and therefore overburdened by this additional responsibility, particularly when patient follow-up is required.
Creating a database to track patients receiving
PEP could be helpful.
• We observed that poor communication was one
of the problems associated with delivery of PEP
services. Therefore, a dedicated telephone line
was created to provide information about PEP
and how to receive it.
• Drug stock-outs should be anticipated because
the number of PEP cases cannot be accurately forecasted. We aim to stock three times the
number of drugs we expect to use. For example,
we see an average of eight cases every month,
so we have 24 doses in stock. For centers that
do not provide free ART, this might be a major
constraint. Help from donors could be sought
in these cases.
• There is general underreporting of exposure
cases because of many factors, including lack
of knowledge about the availability of PEP services. We are tackling this issue through sensitization workshops.

Conclusion
HIV PEP should be incorporated into all health-care
facilities and coordinated by a team that responds
to both nonoccupational and occupational exposures. There should be an enhanced public awareness campaign notifying the public and health-care
workers alike about HIV PEP services and how to
access them. Adequate resources, drugs, and staff
should be provided at health facilities to care for
individuals exposed to HIV. Improved HIV PEP
data collation and interpretation will also help educate the medical community and the public on better ways of managing HIV exposure. Toward that
end, the provision of PEP should be accompanied
by routine data collection.
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a

b

T

he central nervous system (CNS)
is one body system significantly affected by
HIV infection. In addition to the direct invasion of the CNS by HIV, which is a neurotrophic
virus, the gradual deterioration in the host’s
immune function indirectly leads to the colonization of the CNS by opportunistic infections (OIs).1
The spectrum of CNS disorders ranges from mild
self-limiting conditions to severe life-threatening
infections and malignancies. There is significant
overlap in the presentation (i.e., signs and symptoms) of HIV-associated CNS disorders.2 To reduce
the high morbidity and mortality associated with
delayed or missed diagnosis of life-threatening
CNS disorders, the clinician must have the capacity
to make a prompt, accurate diagnosis and to initiate immediate therapeutic measures. Clinical skills,
laboratory support and, where available, neuroimaging tools (e.g., computerized axial tomography
[CAT] scans) are all helpful in achieving the best
possible outcomes.
The clinician in resource-limited settings faces
considerable challenges in promptly diagnosing and managing CNS disorders in people living
with HIV. The high prevalence of HIV in parts
of Africa and other resource-limited settings has

led to a significant increase in the burden of CNS
infections and malignancies.3 The limited expertise
of clinicians in neurological assessment, coupled
with the widespread lack of laboratory capacity
for cerebrospinal fluid (CSF) analysis, may lead to
unnecessary delays in the diagnosis of CNS disorders. CAT scans and magnetic resonance imaging
(MRI) technologies, which are both key diagnostic
tools for CNS disease, are rarely available, even at
tertiary levels of care. These difficulties are compounded by the fact that in many instances, CNS
disease may be the initial indication of HIV infection.4 Thus, there is a real need for more accessible
and affordable diagnostic tools to support clinicians in the timely management of CNS disorders
in resource-limited settings.
Decision rules, or algorithms, constructed
from an understanding of the presentations of the
most common diagnoses, are one such diagnostic
support tool that clinicians in resource-limited
settings may find useful.5 The algorithms are stepwise pathways that start with categories of diagnoses (by cause) based on readily available skills
and tools (i.e., physical diagnosis and basic tests),
followed by further subcategorization based on
more specific laboratory investigations (e.g., CSF
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analysis). Some diagnostic categories requiring
further workup call for additional testing (e.g.,
CAT scans) to be performed at referral centers. In
addition, due to resource constraints, algorithms
may, in some instances, recommend the initiation of empiric therapy as part of the diagnostic
process. Thus, algorithms can help the clinician
arrive at the most common diagnoses according
to the particular syndrome being explored in a
timely manner, despite limited resources.6
This chapter uses the algorithmic approach
to explore two common presentations of HIVassociated CNS disorders. The following section
considers approaches for the HIV-positive patient
presenting with headache. Later in this chapter,
approaches for patients presenting with loss of
vision will be covered.

Approach to the HIV-Positive
Patient with Headache
The Etiology of Headaches in
the Setting of HIV Infection
Headache is one of the most common complaints
among HIV-positive patients in outpatient settings.7 Among HIV-negative individuals, headache is rarely due to significant intracranial
pathology, even when patients present in an
emergency setting. 8 In the HIV-positive individual, however, the complaint of headache must
always be taken seriously. In the setting of HIV
infection, headache may indicate the presence of
life-threatening infections that, if not promptly
diagnosed and treated, can lead to death or
severe disability. Causes of such fatal headaches
include meningitis due to Cryptococcus neoformans, Mycobacterium tuberculosis, Streptococcus
pneumoniae, and Toxoplasma gondii encephalitis.9 HIV-positive individuals also suffer from
headaches with etiologies similar to those suffered by HIV-negative individuals, including
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sinusitis, aseptic meningitis, vascular headaches,
and tension headaches.10 Drugs such as zidovudine (a commonly used antiretroviral agent) are
also known to cause headache.11 The differential
diagnosis of headache in the HIV-positive individual is therefore quite wide.

Algorithmic Approach to
Differential Diagnosis
An algorithmic approach can be employed to support clinicians in resource-limited settings who
are faced with HIV-positive individuals presenting with headache. The algorithm presented here
(Figure 1) was constructed with the following
assumptions in mind:
• Individuals presenting with headache are
already known to be HIV-positive.
• The complaint of headache has been voluntarily
brought to the attention of a health-care worker
rather than being elicited.
• The algorithm is not exhaustive; rather, it is
a tool that enables the diagnosis of the most
common, and perhaps most life-threatening,
conditions.
The recommendations in the following algorithm are based on an understanding of the common causes of headache in people living with HIV
in ambulatory and inpatient facilities in resourcelimited settings. The algorithm employs increasingly sophisticated methods to differentiate the
etiologies of headache, starting with the most basic
approaches (e.g., history taking, examination, basic
tests), moving through to lab-based approaches
(e.g., CSF examination and chest radiographs),
and then to specialized tests (e.g., neuroradiological imaging, serum cryptococcal antigen [sCRAG]
tests, and blood cultures). These three levels of
sophistication mirror the capabilities commonly
found in primary, secondary, and tertiary levels of
care. What follows is a detailed description of the
diagnostic process.
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opportunistic infections,
cancers, and coinfections

Patient Presenting with Headache
Readily identifiable cause on history,
physical examination, and basic tests?

Figure 1. Diagnostic algorithm for headache in people living with HIV
*Lower-level health units should consider referral to a tertiary-level facility
LP = lumbar puncture; CSF = cerebrospinal fluid; sCRAG = serum cryptococcal antigen

The Diagnostic Process
The HIV-positive individual who presents with
headache should always undergo an initial clinical
evaluation consisting of a detailed history, physical examination, and some basic tests (including
malaria smear in malaria-endemic regions). This
basic evaluation may immediately yield some readily identifiable causes of the headache, including
sinusitis, migraines, dental carries, hypertension, malaria, and other infectious processes (e.g.,
typhoid fever, yellow fever).
Where such a cause is identified, appropriate
therapy should be instituted.

If there is no readily identifiable cause, the
next step in the diagnostic process is to determine
whether there are focal neurological symptoms
and signs associated with the headache. These
include weakness of one side of the body (hemiplegia/hemiparesis), cranial nerve deficits, unstable gait (ataxia), speech disorder (aphasia), and
convulsions (seizures). If an HIV-positive individual presents with a headache associated with
focal neurological findings, empiric treatment for
toxoplasma encephalitis (TE) should be initiated
immediately. Because the presence of TE, which
is a treatable diagnosis, represents an important
opportunity to reverse neurological deficits, TE
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should always be considered in patients with
focal findings. Seven days after the empiric trial
of therapy, the patient should be evaluated for a
response. Reduction of weakness should warrant
completion of antitoxoplasma therapy for at least
six weeks. If after seven days the weakness does
not significantly change or worsens, further diagnostic workup is warranted.
If the individual has no readily identifiable
cause for the headache (on the initial basic evaluation) and has no focal neurological findings, the
clinician should determine whether any of the following are present:
• Altered state of consciousness (confusion, stupor, or coma)
• Neck stiffness
• Hypotension
If any are present, an immediate lumbar puncture
(LP) for CSF analysis, followed by empiric broadspectrum antibiotics (given intravenously to cover
bacterial meningitis), should be performed. If a
CSF examination is not possible, empiric broadspectrum antibiotics should be given immediately,
and the patient should be referred, if possible, to a
center where CSF analysis can be done. The choice
of antibiotics should be informed by the local sensitivity patterns of the common isolates of bacterial
organisms that cause meningitis and bacteremia in
HIV-infected individuals.
Following CSF analysis, a number of diagnoses
may become apparent, including the following:
• Cryptococcal meningitis (CM)
• Acute bacterial meningitis
• Aseptic (viral) meningitis
• Tuberculous meningitis
• Neurosyphilis/syphilitic meningitis
If any of these meningitides are diagnosed, the
appropriate antimicrobial therapy should be
instituted. (The management of CM is described
in more detail later in this chapter.)
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The CSF analysis may not reveal a specific diagnosis in individuals who do not have any focal
findings. These individuals should be reassessed
48 hours after the initial assessment. For those who
show improvement in their general conditions,
further clinical observation should be done with
symptomatic management. The clinician should
consider performing one or more of the following
when he or she follows up with individuals who
experience either no improvement or a worsening
of their condition:
• Repeat LP with CSF culture
• Blood cultures for fungal and mycobacterial
isolation
• Chest X-ray
• Empiric antifungal and/or antimycobacterial
therapy
If no further insight or improvement occurs after
instituting the above measures, additional diagnostic workup is warranted (see below).
The clinician may be faced with a situation in
which the patient without focal findings does not
have any of the findings that require immediate
LP (Figure 1). Such individuals should be managed
symptomatically with analgesics and reassessed
within 48 hours for progress. Individuals with
improved symptoms should be observed further
until they are fully well.
If no improvement occurs or if the symptoms
worsen, an LP with CSF exam is recommended.
Further management depends on the CSF findings, with any isolated organism being treated with
appropriate antimicrobials. Further diagnostic
workup is warranted for those individuals without
any positive findings on CSF examination.

Further Diagnostic Workup
As noted previously, three instances warrant further diagnostic workup. The individual under
investigation will need to undergo tests that may
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Management of Selected CNS
Disorders That Present with
Headache
Cryptococcal Meningitis
CM is the most common life-threatening fungal
infection among people living with HIV globally
and is now the leading cause of meningitis among
adults in areas of high HIV prevalence.3 The causative organism, Cryptococcus neoformans, is a capsulated fungus that is commonly isolated from pigeon
droppings and is widely distributed in soils. The
infection is acquired via the lungs through inhalation of aerosolized organisms, which then establish
a pneumonitis in the lungs followed by dissemination throughout the body in immunocompromised
individuals. The organism has a predilection for the
CNS; in a setting of profound immunosuppression
resulting from HIV infection, this organism can lead
to fungal meningitis.12
The onset of symptoms due to CM is insidious,
with headache being by far the most common symptom. The headache is usually reported as frontal in
location and occasionally as radiating to the occipital (back) region of the head. If the condition is not
treated, the initially mild headache will gradually
become severe and incapacitating. The headache

may be associated with sixth-cranial-nerve palsies
(an indicator of raised intracranial pressure) and
changes in mental state. HIV-positive CM patients
do not commonly report seizures. Compared with
HIV-seronegative individuals with CM, up to
50% of HIV-associated CM patients may not have
symptoms and signs of meningeal irritation (e.g.,
neck stiffness, positive Kernig’s sign).13 The nonspecific presentation of CM in HIV-positive individuals requires that clinicians have a high index
of suspicion to readily diagnose the condition and
significantly reduce the high mortality associated
with it.
The diagnosis of CM is established by examining
CSF using India ink stain (through demonstration
of a thick capsule around the fungal organism) or
fungal cultures for the causative organisms using
Sabouraud’s agar. Screening for CM among symptomatic individuals is best done with an sCRAG
test, an agglutination assay that requires limited
laboratory infrastructure. The sCRAG assay has
a very high positive predictive value (99%) for
CM in symptomatic individuals (i.e., those with
headache).14
In summary, HIV-positive individuals with
headache—particularly those in high-prevalence
areas—have a very high likelihood of developing
CM. Despite the high positive predictive value
of the sCRAG test, patients with a positive result
should nevertheless undergo LP for several reasons.
First, LP offers the opportunity for a definitive CM
diagnosis through CSF analysis. Second, LP in CM
patients with raised intracranial pressure (ICP)
offers some therapeutic benefit by relieving the
pressure through CSF drainage. Finally, in some
instances, HIV-positive individuals may have multiple CNS infections; the only way to detect this is
by analyzing the CSF.
Management of CM consists of the following
steps:
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only be available at a tertiary care facility, requiring referral to such a facility. The following tests
are suggested at this stage to facilitate a more
accurate diagnosis:
• CD4 lymphocyte count: Counts below 200 cells/
mm3 are strongly suggestive of an OI.
• CAT scan: Can demonstrate structural lesions
of varied etiology.
• Serum/CSF CRAG: Will aid diagnosis when
India ink is negative (20% of cases) and when
the CSF culture for Cryptococcus neoformans
may take a while to grow yeast cells.

Table 1. Phased Antifungal Therapy for Cryptococcal Meningitis15
Consolidation phase
(8 weeks)

Maintenance phase
(lifelong)

Amphotericin B
(0.7 mg/kg/day) for 14 days
+/–
Flucytosine

Fluconazole
(400 mg/day)

Fluconazole
(200 mg/day)

Fluconazole
(400 mg/day)

Fluconazole
(400 mg/day)
Or
Itraconazole

Fluconazole
(200 mg/day)
Or
Itraconazole

Regimen type

Acute phase (2 weeks)

Preferred regimen

Alternative regimen

1. Initiation of specific antifungal therapy
Antifungal therapy occurs in three phases.
Table 1 lists both the preferred and the alternative treatment regimens.15
2. Management of raised ICP
CM in people living with HIV is very often
associated with elevated ICP; this is particularly
true in resource-limited settings, where patients
presenting at a health facility may be at a late
stage of disease. Because of the association of
raised ICP with high mortality, the Infectious
Diseases Society of America (IDSA) guidelines
for the management of HIV-associated CM
recommend the management of raised ICP
as an integral part of CM management.15 ICP
management is achieved through serial drainage of CSF directly from the diagnostic LP. In
settings where CSF manometers (for measurement of CSF pressure) are not readily available,
it is advisable to perform generous drainage
of CSF (>10 mL) in patients with focal neurological deficits. The safety of this procedure has
been demonstrated in a small study in Uganda
among HIV-positive patients with CM.16
3. Exclusion of concurrent OIs
The high mortality observed in CM patients
may partly result from concurrent OIs. For
example, one study found that as many as 27% of
patients with HIV-associated CM also had active
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tuberculosis.17 Therefore, active screening for
common OIs is recommended in CM patients.
4. Initiation of antiretroviral therapy
CM occurs in severely immunosuppressed individuals, and a CM diagnosis implies advanced
HIV disease (World Health Organization
[WHO] stage IV). Following the management
of the acute episode of CM, it is imperative that
patients be prepared for and initiated on antiretroviral therapy (ART). However, very early
ART initiation may be associated with immune
reconstitution inflammatory syndrome (IRIS;
see section later in this chapter).

Toxoplasma Encephalitis
TE is the most common cause of focal neurological deficits among HIV-infected individuals.18 TE
is caused by Toxoplasma gondii, a highly prevalent parasitic infection of the brain that is usually
latent but is reactive in immunosuppression settings. The reactivated infection leads to clinically
apparent disease.19
The common presentations of TE include
hemiparesis or hemiplegia, unilateral facial weakness (i.e., cranial nerve lesions), ataxia, and seizures, as well as aphasia, depending on the part of
the CNS affected. The onset of symptoms is usually insidious rather than sudden, even though TE
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Table 2. Antimicrobial Management of Toxoplasma Encephalitis21
Acute or primary phase (approx.
6 weeks)

Maintenance phase (lifelong)

Preferred regimen

Pyrimethamine
200 mg loading dose, then 50–75 mg/day
+
Sulfadiazine 1 g every 6 hours
Or
Clindamycin 600 mg every 6 hours
+
Folinic acid 10–20 mg/day

Pyrimethamine 25–50 mg/day
+
Sulfadiazine 0.5–1 g every 6 hours
Or
Clindamycin 600 mg every 6 hours
Or
Sulfadoxine (Fansidar) 1 tablet
3 times/week
+
Folinic acid 10–20 mg/day

Alternative regimen

Pyrimethamine
+
Folinic acid
+
One of the following:
Clarithromycin 1 g every 12 hours
Atovaquone 750 mg every 6 hours
Azithromycin 1,200–1,500 mg/day
Dapsone 100 mg every 24 hours

Pyrimethamine
+
Folinic acid alone
Or
Pyrimethamine
+
One of the following:
Clarithromycin 1 g every 12 hours
Atovaquone 750 mg every 6 hours
Azithromycin 1,200–1,500 mg/day
Dapsone 100 mg twice a week

lesions involving the cerebral vasculature can lead
to sudden presentation.20
The diagnosis of TE is initially made on clinical
grounds (i.e., focal neurological deficit in a setting of
profound immunosuppression) and is augmented
by serological evidence of active Toxoplasma gondii infection (i.e., elevated serum antitoxoplasma
IgG titers). Definitive diagnosis is made using neuroradiological imaging. Typically, the contrasted
CAT scan shows ring-enhancing lesions that may
be multiple and that are usually in the area of the
basal ganglia. In settings without access to CAT scan
technology, diagnosis can be made when the patient
responds to antitoxoplasma therapy (Table 2).21
Because the diagnosis of TE in resource-limited settings is usually presumptive (i.e., based
on the clinical presentation), patient response to
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Regimen type

antitoxoplasma therapy is essential for confirming the presence of TE. Patients are assessed after
two weeks of empiric antitoxoplasma therapy, and
responsive individuals continue the treatment regimen as indicated. Individuals with minimal or no
improvement should undergo evaluation for other
HIV-associated conditions that present with features
similar to TE, including primary CNS lymphoma
(PCNSL), progressive multifocal leukoencephalopathy (PML), and meningovascular syphilis.22
PCNSL is a neoplasm of B-cell origin that affects
HIV-infected individuals who have advanced
immunosuppression. The Epstein-Barr virus
(EBV) has been implicated as a cause for PCNSL.
Patients with PCNSL present with focal neurological findings, including weakness on one side of the
body, facial weakness, or speech defects, depending
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of the part of the brain affected. Diagnosis is aided
by CAT scan imaging, which usually shows a solitary, deep (subcortical) brain lesion that minimally
enhances on contrast. These features may help distinguish PCNSL from toxoplasmosis, particularly
if the patient does not respond to empiric antitoxoplasma therapy within two weeks. Treatment of
PCNSL consists of radiotherapy and chemotherapy, either singly or combined. Even with treatment, however, median survival ranges from two
to four months.
PML, an OI that affects the brain, is caused by the
John Cunningham virus (JCV; a human polyomavirus). Like PCNSL, PML presents with focal neurological symptoms and signs in advanced HIV disease; it is easy to distinguish PML from PCNSL and
TE with neuroimaging. Lesions seen on a CAT scan
are usually limited to the white-matter portion of the
brain and are not ring enhancing on contrast. There
is no known effective treatment for PML, though
in a few individuals, use of cytosine has resulted in
some improvement.23 There have also been some
documented cases of spontaneous remission. 23
Meningovascular syphilis usually occurs in early
HIV disease and, in this regard, is relatively easy to
distinguish from PML, TE, and PCNSL.

Immune Reconstitution Inflammatory
Syndrome
Between December 2003 and June 2006, the
estimated number of individuals receiving ART
in low- and middle-income countries increased
fourfold. This increase has led to tremendous
reductions in morbidity and mortality from HIVassociated OIs. Unfortunately, this restoration of
immune function can also lead to an abnormally
heightened response to antigens in some patients,
resulting in a clinical presentation characterized
by inflammatory symptoms and signs.24 This situation is referred to as the immune reconstitution
inflammatory syndrome (IRIS).
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The manifestations of IRIS are diverse,
depending on the body system affected. The
scope of presentations includes meningeal symptoms, abscesses, fevers, cutaneous lesions, and
chest symptoms, as well as hepatic liver enzyme
abnormalities.25 In the CNS, IRIS may present
as a meningeal syndrome, headache, or spaceoccupying lesion.26 The prevalence of IRIS in
resource-limited settings ranges from 10% to
25% among individuals initiating ART. The
most common antigens associated with IRIS in
these settings are Mycobacterium tuberculosis,
Cryptococcus neoformans, and herpes simplex
virus; however, IRIS has also been described for
most opportunistic pathogens.27
Most IRIS episodes are self-limiting, and
only rarely is the syndrome life threatening.
Unfortunately, the CNS is one system in which
IRIS events can be fatal, because IRIS in the CNS
may be associated with raised ICP as a result of
inflammation.28 In CNS IRIS due to Cryptococcus
neoformans, fungal CSF cultures are usually negative, despite the presence of cryptococcal antigen.29
The diagnosis of other CNS antigens that cause
IRIS can be difficult in resource-limited settings
due to limited laboratory capacity for mycobacterial and viral culture, including polymerase chain
reaction (PCR) assays. Where CNS IRIS is associated with raised ICP, LP and drainage of CSF are
recommended as part of the patient’s management. A further discussion of IRIS can be found
elsewhere in this text.

Approach to the HIV-Positive
Patient with Visual Loss
Visual loss and ocular diseases are a common complication among people living with HIV worldwide.
In North America and Europe, it is estimated that
50% to 75% of HIV-positive individuals develop
visual loss at some point during the course of their
illness.30 In Africa, the prevalence of ocular disease
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Opportunistic Infections and
Malignancies
Opportunistic ocular and systemic infections are
the most common causes of visual impairment in
people living with HIV/AIDS worldwide.32,33 These
commonly occur in advanced stages of the disease
when the patient’s CD4 T cell count falls below
100 cells/mm3.34

CMV Retinitis
CMV is the number one cause of ocular morbidity and visual loss in HIV-positive individuals.33,35
The prevalence of CMV retinopathy in people living with HIV in developed countries before the
introduction of combination ART was about 30%
to 50%.37 It is documented that the prevalence of
CMV retinitis is decreasing to 7.5% with the advent
of ART in developed countries.37
The prevalence of CMV retinitis reported in
different African centers, however, is 0% to 8.5%.38
The mean CD4 T cell count at the time of CMV
diagnosis is typically less than 50 cells/mm3, and
diagnosis is rare with CD4 T cell counts greater
than 200 cells/mm3.39 CMV retinitis was reported
to be lower in Africa because of lack of effective
treatment of OIs and ART; therefore, few patients
survive long enough to develop CD4 T cell counts
of less than 50 cells/mm3. However, more recent
studies in Africa are documenting an increasing
number of patients presenting with CMV retinitis
over the past six years as ART is becoming more
readily available.40
Visual loss or blindness is the most common
presenting symptom for CMV retinitis in developing nations like Africa because of late presentation
and lack of routine ophthalmologic examinations
of those at risk, which are a constraint due to limited resources.
In the early stages of retinitis, when lesions start
away from the macula, patients may be totally
asymptomatic or may have symptoms of floaters
due to a vitreous reaction. Such patients can only
be diagnosed by routine dilated fundoscopy. It is
only in the advanced stages of the disease when a
large area of the retina or the macula is affected
that patients present with varying degrees of visual
loss in the affected eye.
Diagnosis of CMV retinitis is largely made by the
clinical appearance of the retinitis on ophthalmic
evaluation with the supporting low CD4 T cell count
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among HIV-positive individuals is estimated to be
between 30% and 45%.31 Visual loss is important
because it can be the first manifestation of a lifethreatening systemic disease process in the person
living with HIV. The ocular diseases that cause
vision loss result in irreversible blindness if not
treated promptly and effectively.
The three main mechanisms that result in ocular manifestations of HIV and visual loss are as
follows:
1. The depressed immunity in patients with
advanced HIV disease predisposes them to OIs
and malignancies that affect the eye.
2.	Ocular allergic and toxic drug reactions are a
complication of some of the medications used
for treatment of OIs or the virus itself.
3. The HIV virus can have a direct effect on ocular
tissues.
The pattern of ocular diseases affecting HIV
patients in the African region, however, is different from that found in developed countries.
Ocular tumors and OIs due to organisms such as
Mycobacterium tuberculosis, Cryptococcus neoformans, and Toxoplasma gondii are more frequent
causes of ocular morbidity and visual loss in
Africa, but in developed countries, cytomegalovirus (CMV) retinitis and immune recovery uveitis
remain the leading causes of visual loss.
In the following section we review some of the
common causes of visual loss seen in developing
countries and the approach to patients presenting
with these conditions.

levels. Serum antibody titers are not helpful; there
is a 50% to 90% prevalence of seropositivity in the
general adult population, and there is no relationship between antibody titers and the development of
CMV retinopathy in people living with HIV.41
Table 3 summarizes the different diagnostic
options that are used in different centers, depending on the resources available.
CMV retinitis responds to antiviral drugs such
as ganciclovir, forscarnet, cidofovir, and valganciclovir.42-44 These drugs do not eradicate the virus
from the eye. Patients therefore must receive
chronic low-dose (“maintenance”) therapy to prevent the immediate reactivation of the disease.
Recent studies also show that ART improves the
patient’s immune system enough to control CMV
retinitis.
Antiviral drugs for CMV retinitis are expensive and hardly available in developing countries.
In such resource-limited settings, weekly intravitreal injections of ganciclovir or forscarnet are
given to individual affected eyes together with
ART until the patient’s CD4 T cell count improves
to 200 cells/mm3 or more. This does not treat systemic CMV infection. In resource-limited settings,
a typical fundus lesion, a supporting low CD4 T
cell count, and a positive response to anti-CMV
treatment and ART are the major parameters used
to support diagnosis of CMV retinitis.

Herpes Zoster
Herpes zoster ophthalmicus (HZO) is a dermatome
skin eruption along the distribution of the ophthalmic branch of the trigeminal nerve due to varicellazoster virus. It may occur at any stage of the HIV
infection but is often the first sign of the disease.
Studies done in Africa reveal the prevalence of HZO
in HIV-positive individuals to be 5% to 10%.45 Visual
impairment occurs when there is an associated keratitis, anterior uveitis, or viral infection of the retina
(progressive outer retinal necrosis [PORN]). Sixty252

five percent of patients with HZO develop corneal
complications and will become visually impaired.46
No data are currently available on the prevalence of
PORN in the developing world. It has been reported
in African patients, and risk factors include a low
CD4 T cell count (less than 50 cells/mm3) and a
recent or current cerebral or visceral herpes zoster
infection.47
The associated clinical symptoms of cornea and
anterior segment involvement include pain, redness, photophobia, and tearing. PORN presents as
sudden, painless loss of vision in the affected eye.
Diagnosis is made on clinical grounds. Patients
with HIV infection and HZO should be treated
with systemic acyclovir to promote healing of skin
lesions and to reduce the incidence and severity of
ocular lesions.
Antibiotic cover for secondary infection is usually required. HZO is another common cause of
visual loss in developing countries because of poor
referral systems to ophthalmologists. Traditional
eye medicines are often applied to treat pain associated with the different stages of the disease, and
these contribute to secondary infection, corneal
ulcers, scars, and, many times, endophthalmitis.

Herpes Simplex Virus
Herpes simplex virus type 1 is a common cause
of prolonged visual impairment in patients living
with HIV.48 Vision-impairing lesions are a result of
corneal involvement, anterior uveitis, and retinal
infection. The keratitis is associated with pain and
redness of the affected eye, and the retinal infection is painless with occasional floaters. Diagnosis
is usually made on clinical grounds by identifying
the characteristic dendritic or geographic corneal
ulcers or disciform keratitis on slit lamp examination. Herpes simplex virus infection of the retina
occurs in HIV-positive patients, causing acute retinal necrosis and PORN. Corneal lesions respond
to topical antiviral therapy, but recrudescence may
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Table 3. Diagnostic Criteria for Common Causes of Visual Impairment in the HIV-Positive Patient
Etiology
of Visual
Impairment

Definitive
Diagnosis

Ocular Manifestations

Highly Probable

Probable

Virus isolation
from skin rash
vesicles (culture,
polymerase chain
reaction [PCR])

1. Demonstration
of multinucleated giant cells on
Tzanck smear
2. Typical
C5 dermatomal
vesicular skin
rash or scars
+/– other ocular
manifestations

Typical
C5 dermatomal vesicular
skin rash
or scars +/–
other ocular
manifestations

1. Virus isolation in
vitreous or retinal
tissue (culture,
PCR)
2. Viral antibodies
in intraocular fluids and serum

1. A rapidly progressing discrete
peripheral necrotizing retinitis +/other postsegment
manifestations
2. Response to antiviral treatment

Virus isolation in
CSF

A preceding history
of cutaneous zoster
or evidence of scars
with associated
manifestations
listed

Isolation of virus
in corneal scrapings (culture, PCR)

Typical clinical
corneal lesion
+/– other ocular
manifestations

Varicella zoster

A. Anterior segment disease
n

n
n
n
n
n
n
n
n
n
n

C5 sensory distribution of
skin rash/scars
Entropion/trichiasis
Ectropion
Corneal ulcer/scar
Keratitis
Corneal anesthesia
Keratopathies
Pupil abnormalities
Uveitis / iris atrophy
Hypopyon
Cataract

B. Posterior segment disease
n
n
n
n

n

Vitritis
Vitreous hemorrhage
Optic neuritis
Progressive outer
necrosis
Acute retinal necrosis

C. Neurophthalmic disease
n
n
n
n

n

Herpes simplex

Postherpetic neuralgia
Extraocular muscle palsy
Facial nerve palsy
Cerebral vascular
accidents
Hemiplegia

A. Anterior segment disease
n
n
n
n
n
n

Dendritic corneal ulcer
Corneal anesthesia
Disciform keratitis
Stromal keratitis
Epethelial keratitis
Uveitis
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Table 3. Diagnostic Criteria for Common Causes of Visual Impairment in the HIV-Positive Patient (cont.)
Etiology
of Visual
Impairment

Definitive
Diagnosis

Highly Probable

Acute retinal necrosis
Progressive outer
necrosis

1. Virus isolation in
vitreous or retinal
tissue
2. Viral antibodies
in intraocular fluids and serum

1. A rapidly progressing discrete
peripheral necrotizing retinitis
2. Response to antiviral treatment

CMV retinitis
Vitreous hemorrhage
Retinal detachment
Optic neuritis

1. Detection of
cytomegalic inclusion bodies in
retinal tissue
2. Isolation of virus
in retinal tissue,
aqueous/vitreous

1. Typical clinical
full thickness retinitis spreading along
blood vessels
2. CD4 count less
than 50 cells/mm3

Anterior uveitis
Optic neuritis
Vasculitis
Chorioretinitis
Retinal scars
Retinal detachment

1. Isolation of
organism in ocular
tissue (culture,
PCR)
2. Detection of
toxo antigen in
aqueous and
serum

1. Typical clinical
toxo lesion +/–
positive toxo
antibody titers
2. Response to antiparasitic drugs

Interstitial keratitis
Anterior/posterior uveitis
Argyll Robertson pupil
Optic neuritis
Optic atrophy

1. Direct observation of organism by darkfield
illumination
2. Direct fluorescent antibody
T. pallidum test

1. Positive VDRL
or rapid plasma
reagin (RPR) and
positive T. pallidum
hemagglutination (TPHA) test in
serum or CSF
2. Fall in VDRL/
RPR titers after
treatment

Anterior/posterior uveitis
Choroiditis
Retinitis
Endophthalmitis
Complicated cataract
Optic neuritis
Phlyctenulosis
Interstitial keratitis

Isolation of
mycobacterium
in involved tissue
(culture, PCR)

1. Clinical and
radiological
evidence of systemic TB + ocular
manifestations
2. Positive Mantoux
response to
treatment

Ocular Manifestations

Probable

Opportunistic infections (cont.)
Herpes simplex

B. Posterior segment disease
n
n

Cytomegalovirus
(CMV)

n
n
n
n

Toxoplasma
gondii

n
n
n
n
n
n

Treponema
pallidum

n
n
n
n
n

Mycobacterium
tuberculosis

n
n
n
n
n
n
n
n
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Atypical toxo
lesion with
evidence of
systemic toxo

Response to
therapeutic
trial of
isoniazid

Table 3. Diagnostic Criteria for Common Causes of Visual Impairment in the HIV-Positive Patient (cont.)
Etiology
of Visual
Impairment

Definitive
Diagnosis

Ocular Manifestations

Highly Probable

Probable

Stevens-Johnson
syndrome

n
n
n
n

Toxic optic
neuropathy

n

n

n
n

Immune
recovery uveitis

n
n
n
n

n

Conjunctivitis
Symblepharon
Corneal opacity
Mucocutaneous skin
reaction

1. History of use
of offending drug
prior to onset of
symptoms listed
2. Resolution on
withdrawal of
drug / response to
steroids

Impaired red/green color
vision
Random amplification of
polymorphic DNA
Optic neuritis
Optic atrophy

1. History of use of
drug in toxic doses
prior to onset of
signs/symptoms
2. Typical visual
field defect
3. Improvement of
signs/symptoms
with withdrawal
of drug (in early
stages)

Anterior/posterior uveitis
Cystoid macular edema
Epiretinal membranes
Retinal
neovascularization
Vitreous reaction

1. A patient with
diagnosis of CMV
retinitis on antiretrovirals with evidence of immune
reconstitution prior
to onset of signs/
symptoms listed
2. Lab tests
negative for other
causes of uveitis

opportunistic infections,
cancers, and coinfections

Allergic/toxic drug reactions

Orbital/ocular tumors
Squamous cell
carcinoma

n

n
n

Orbital
lymphoma

n
n
n
n

Abnormal raised vascular
conjunctival growth
Corneal infiltration
Globe perforation

Carcinoma cells
confirmed in
ocular specimen
at histology

Proptosis
Exposure keratitis
Corneal melting
Compressive optic
neuropathy

Tumor cells
identified at
histology of ocular
biopsy tissue

Opportunistic Infections, Cancers, and Coinfections

255

Table 3. Diagnostic Criteria for Common Causes of Visual Impairment in the HIV-Positive Patient (cont.)
Etiology
of Visual
Impairment

Ocular Manifestations

Definitive
Diagnosis

Highly Probable

Probable

Orbital/ocular tumors (cont.)
Orbital cellulitis

n
n

n
n
n
n
n

Fever
Periorbital pain and
swelling
Proptosis
Abscess formation
Optic neuropathy
Exposure keratitis
Corneal melting

1. Positive blood
culture
2. Abscess
formation
3. Response to
specified sensitive
antibiotic

1. Symptoms/signs
of associated paranasal sinusitis
2. Response to antibiotic treatment

Demonstration of
causative organism in CSF (culture,
PCR)

1. Radiological
evidence of spaceoccupying lesion
(CAT scan, MRI,
skull X-ray)
2. Typical visual
field defect

Neurophthalmic/intracranial disease
Meningitis/
encephalitis
(bacterial, crypto,
TB, viral)
Space-occupying
lesion (lymphoma, toxo, crypto,
TB)

n
n

n
n
n
n
n

Cranial nerve palsies
Internuclear
ophthalmoplegia
Papilledema
Optic atrophy
Pupillary abnormalities
Visual field defects
Cortical blindness

occur with discontinuation of therapy. Herpes
simplex virus retinopathy may respond to systemic acyclovir.

Toxoplasmosis
People living with HIV are at risk for serious, disseminated Toxoplasma gondii infections, including
toxoplasmic retinochoroiditis.49 This commonly
occurs when a patient’s CD4 T cell count falls below
100 cells/mm3. Visual impairment occurs as a result
of reactivation of the infection within the retina or in
the CNS. Zumla et al50 found the seroprevalence for
toxoplasma among people in Uganda and Zambia
to be 34% among those who were HIV positive and
27% in those who were HIV negative. For reasons
that are unclear, ocular toxoplasmosis is much less
common than intracranial lesions. In developed
countries, toxoplasmosis probably accounts for
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1. Charac
teristic CSF
abnormalities for specific causative agent
2. Response
to treatment

only 1% to 3% of all intraocular infections in HIVpositive patients.51
Patients with ocular toxoplasmosis experience
progressive and painless loss of vision. The retinitis can present as a focal necrotizing retinitis with
an overlying vitreous reaction or with diffuse or
multifocal lesions with minimal vitreous reaction.
Such variations in presentation make diagnosis very
challenging, especially in resource-limited settings.
Those with intracranial lesions may report double
vision and a squint, with reduced visual field due to
involvement of cranial nerves or the visual pathway.
Diagnosis is made by ophthalmologic examination and positive antibody titers. CAT scan is
necessary for suspected intracranial involvement.
Lesions will respond to antiparasitic therapy consisting of pyrimethamine, sulfadiazine, and folinic acid. Clindamycin, tetracycline, and spiramycin are also effective, but continued treatment is
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serous retinal detachment, and a severe secondary
granulomatous anterior uveitis. Response to antiTB treatment supports diagnosis, but steroids are
usually required to control inflammation.

Ocular Syphilis and TB

Neurophthalmic Disease and
Ocular Tumors

Many patients living with HIV are also at high risk
for syphilis because it is a sexually transmitted infection.52,53 Vision-impairing disease manifests as a prolonged uveitis, optic neuritis, or interstitial keratitis.
Several epidemiological surveys show a high prevalence of active syphilis among HIV-positive patients
in sub-Saharan Africa; however, there is no published
information on the prevalence or clinical presentation of ocular syphilis in HIV-positive individuals
in sub-Saharan Africa. A 1% prevalence of syphilitic
uveitis has been reported in HIV-positive patients
in Brazil. It is possible that complications leading to
blindness attributable to syphilis do occur in developing countries but are probably underdiagnosed.
Diagnosis requires a positive plasma reagin test
(VDRL or rapid plasma reagin) and a T. pallidum
hemagglutination test (TPHA). Both tests are
important in diagnosis and follow-up to monitor
response to treatment. They are readily available
in resource-limited settings. Treatment for ocular
syphilis in HIV-positive patients requires the regimen used for neurosyphilis regardless of the CNS
examination. This consists of intravenous penicillin or oral doxycycline. A decline in the VDRL
titer to 1:4 occurs within six months. Long-term
therapy may be required in some patients.
Mycobacterium tuberculosis can infect most tissues of the eye and is a well-known cause of uveitis
in HIV patients. The most common form of ocular
tuberculosis is a multifocal choroidopathy. There
are no features that are pathognomonic for tuberculosis, and lesions must be differentiated from
other mycobacterial infections, Pneumocystis carinii infection, syphilis, and lymphoma. Choroidal
infections can be complicated by scleral extension,

Cryptoccocal Meningitis
Cryptococcal meningitis is a common complication in people living with HIV. Forty percent of
patients with cryptococcal meningitis develop
vision-impairing complications such as papilledema, optic atrophy, extraocular muscle paresis,
and cortical blindness.54,55 Decreased vision has also
been reported as the result of chiasmal or optic tract
involvement and intraocular infections causing
endophthalmitis, uveitis, and chorioretinitis.56 It is
estimated that 8% to 10% of people living with HIV
in developed countries develop multifocal choroidal lesions that result from Pneumocystis carinii and
Cryptococcus neoformans. Other forms of meningitis such as bacterial meningitis do occur and would
cause similar vision-impairing complications.
Other Neurophthalmic Diseases
A variety of other neurophthalmic abnormalities in
people living with HIV may present as cranial nerve
palsies, visual field defects, pupillary abnormalities,
optic atrophy, and papilledema.57 They are commonly caused by disseminated intracranial infections, as mentioned above, or tumors that result in
space-occupying lesions.58 Burkitt’s lymphoma may
develop in the orbit of HIV-positive individuals.59
Proptosis, lid swelling, or ocular motility disturbances can be the first manifestation.
Carcinoma
Conjunctival squamous cell carcinoma and carcinoma in situ have a strong association with HIV
infection.60 Studies show a prevalence of 70% to
86% seropositivity among African patients with
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necessary to prevent reactivation of disease. A positive response to therapeutic trial with a conventional combination of antibiotics is used to support diagnosis in resource-limited settings.

squamous cell carcinoma.61,62 Squamous cell carcinoma can affect the eyelids, conjunctiva, or orbit.
Early excision of this tumor is curative. Vision
is lost in advanced stages when the tumor infiltrates the eyeball. This is a common finding in
resource-limited settings, mainly because of lack
of awareness at HIV treatment sites about the
presentation of this tumor and late referral to an
ophthalmologist.
Sarcoma
Kaposi’s sarcoma (KS) is a vascular tumor also
commonly associated with AIDS. In the pre-ART
era, ocular adnexal KS was found in 2% of patients
with AIDS. It rarely causes visual loss when the
tumor is large enough to cross the visual axis. The
incidence of KS has declined in the ART era.

Direct Effect of HIV
HIV has been recovered from most ocular tissues, including the retina and cornea. It has been
proposed as the possible cause of the conjunctival
microvasculopathy, cotton-wool spots, and retinal
hemorrhages commonly seen in HIV patients.36
These are, however, asymptomatic and do not
cause visual loss.
HIV is also believed to cause nonspecific
intraocular inflammation and serve as a contributing factor in the pathogenesis of secondary disorders in some patients. This presents as a chronic
iridocyclitis that cannot be attributed to any secondary intraocular infection or systemic inflammatory disease.33,35 The iridocyclitis resolves rapidly
in some patients with ART (e.g., zidovudine), suggesting a direct relationship to HIV. Alternatively,
inflammation might be the result of an unidentified infectious agent of low virulence that is successfully suppressed with improvement in the
patient’s immune function.
The virus also acts as a cofactor in CMV retinopathy. Both viruses have been found in the same
258

retinal cells at autopsy.38 Interactions between the
two viruses, which are known to occur in vitro,
may enhance the activity of CMV in coinfected
cells and may be one reason that CMV retinopathy
is more severe in some patients.

Ocular Allergies and
Toxic Drug Reactions
People living with HIV are usually on numerous
medications for treatment of OIs and the virus
itself. This predisposes them to drug toxicity and
hypersensitivity reactions. When the eye is affected,
it results in impaired vision and sometimes blindness. Stevens-Johnson syndrome is a blinding
hypersensitivity reaction common to sulfurcontaining antibiotics such as Septrin, antimalarials such as sulfadoxone/pyrimethamine (Fansidar),
and thiacetazone in HIV-positive individuals. It
causes an aggressive mucocutaneous inflammation, which causes the conjunctiva to adhere to
the cornea, a condition referred to as symblepharon. One study done in Malawi showed 75% of
patients admitted with Stevens-Johnson syndrome
were HIV positive.63 Many of these patients were
taking pyrimethamine. Other drugs associated
with Stevens-Johnson syndrome in HIV-positive
patients include phenytoin and nvirapine.
Ethambutol causes optic neuritis that can result
in irreversible blindness if the drug is not withdrawn early. Cidovir, used to treat CMV retinitis,
and rifabutin have been reported to cause severe
vision-threatening uveitis. These are more commonly used in developed countries.
Immune recovery uveitis has also been
reported in 18% to 63% of patients with a history of CMV retinitis who experience immune
reconstitution while on ART. 64,65 Drug toxicity
and hypersensitivity reactions are managed by
withdrawal of the offending drug and treatment
with steroids.
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HIV Patient with
Impaired Vision

Diff s: Corneal ulcer,
anterior uveitis,
HZO

2. Painless reduced vision

Diff s: posterior uveitis,
optic nerve disease,
refractive error
See fundus, VDRL/TPHA,
toxo screen, pupil reaction

Examine, stain, do
VDRL/TPHA

3. Double vision
opportunistic infections,
cancers, and coinfections

1. Painful reduced vision

Diff s: SOL,
muscle palsies

CT scan

HZO = herpes zoster ophthalmicus; TPHA = T. pallidum hemagglutination test; SOL = space-occupying lesion

Figure 2. Algorithm for the evaluation of an HIV-positive person with impaired vision

A Diagnostic Approach to the
Patient with Loss of Vision
Essential steps in examining the HIV-positive
patient with impaired vision are presented in
Figure 2 and include the following:
1. History related to visual impairment. A detailed
history of the patient’s complaints should be
taken. The mode of onset, duration, and description of his or her visual impairment will be noted.
Any associated symptoms such as pain, redness,
or double vision should be noted.
2. Medical history related to visual impairment.
A history of past or current systemic illnesses
that could cause visual impairment should be
elicited. These include conditions such as diabetes mellitus, hypertension, rheumatoid arthritis,
tuberculosis, and syphilis among many others. The patient’s past and current medication
should be elicited to rule out the use of drugs
that are toxic to the structures of the eye and
can cause visual impairment.
3. HIV-related history. The patient’s past and
present CD4 lymphocyte count should be determined. Most of the ocular diseases are diagnosed
clinically, and a low CD4 count supports the

diagnosis. The duration of use of antiretroviral
drugs should be noted. The patient’s history of
OIs and their treatment should be elicited such
as tuberculosis, cryptococcal meningitis, toxoplasmosis, and so forth.
4. Ophthalmic examination. A complete ocular
examination to determine the presence of eye
disease should be carried out. It involves documentation of visual acuity and visual field testing. All patients should be refracted to rule out
the presence of refractive error as the cause of
reduced vision. Eyeball movements are tested
in all directions of gaze. Pupillary function
is also assessed. A slit lamp examination to
view the structures in the anterior and posterior segment of the eye should be performed.
Direct and indirect ophthalmoscopes are used
to assess the fundus.
5. Investigations. Photography of clinical findings, visual field plotting, and CAT scan are
done where indicated. Appropriate laboratory investigations to confirm diagnosis are
performed. Table 2 summarizes diagnosis of
some of the common causes of visual loss in
the patient living with HIV.
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Treatment of HIV-Associated
Kaposi’s Sarcoma
opportunistic infections,
cancers, and coinfections
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Department of Dermatology, Nelson R. Mandela School of Medicine, University of KwaZulu-Natal, South Africa

K

aposi’s sarcoma (KS) is an AIDSdefining cancer that occurs with advanced
immunosuppression associated with HIV. The
causative underlying viral infection is human herpes
virus type 8 (HHV-8), also known as Kaposi’s sarcoma-associated herpesvirus (KSHV).1 Long before
the AIDS pandemic, KS existed in the Mediterranean
and Central Africa and in organ transplant recipients. Patients coinfected with both HIV and KSHV
infection are 10,000 times more likely to develop KS
compared with HIV-uninfected persons, and 50% of
coinfected patients will develop a KS tumor within
10 years of HIV infection.2 The increased risk in
HIV-infected patients is caused by immunosuppression associated with lowering CD4 counts. HIV-1
replication produces transactivating (tat) protein
from the virally infected cells. The tat protein has
pro-angiogenic (blood vessel proliferating) properties and with the aid of cytokines, sets the stage for
the development of KS lesions.3 These factors, in
conjunction with HHV-8 infection, cause proliferation of vascular lesions on the skin and viscera.

Clinical Presentation
HIV-associated KS most commonly involves the
skin, gastrointestinal tract, respiratory tract, and

lymph nodes. Although cutaneous lesions are a
source of much disfigurement and stigmatization,
they are not associated with mortality; however,
visceral lesions involving the respiratory or gastrointestinal tract are associated with mortality.4 KS
presentation also varies depending on age, with
adults usually presenting with cutaneous involvement and children typically presenting with the
lymphadenopathic form of the disease.5
The lesions of Kaposi’s sarcoma are distinctively
characteristic. They are violet-colored plaques
directed along the cleavage lines of the skin and
are usually symmetrical (Plate 1). They can occur
at all sites: face, upper limbs, trunk, and lower
limbs. However, many conditions can mimic these
lesions; these are described in Box 1 (next page).
The limbs are often the first sites to be involved
(Plate 2). There they can present with nonpitting
edema, which signifies lymphedema. Early-stage
lesions can present as bruises or macules, which
are merely discolorations of the skin (Plate 1), progressing to elevated, solid, violet-colored plaques
and nodules (Plate 3). The lesions are asymptomatic and may go unnoticed by both patient and caregiver; identification is particularly difficult in darkskinned individuals. Thus, thorough examination
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Box 1. Conditions That May Mimic Cutaneous KS
The following conditions may mimic cutaneous KS; thus, biopsy will be required to confirm the diagnosis4:
n Pyogenic granuloma: usually single; occurs in healthy individuals, so generally no signs of immunosuppression and no oral involvement
n Bacillary angiomatosis: may be single or multiple; angiomatosis more than violet colored; no oral involvement; will resolve with a trial of erythromycin therapy if unsure
n Chronic lymphedema: no plaques, nodules, tumors, or oral involvement; longstanding duration, may exist
from birth; patient otherwise in good health
n Dermatofibroma: asymptomatic; solitary; hyperpigmented, not violet colored, no lymphedema; patient otherwise in good health
n Prurigo: scattered, itchy nodule on limbs; no lymphedema; oral involvement

in adequate light is essential. As the lymphedema
progresses, it is associated with extreme pain.
Late-stage aggressive lesions may progress to
fungating tumors (Plates 4 and 5). Because of the
vascular nature of the tumors, lesions are prone to
bleeding, which may be the primary cause for concern in the patient presenting for care. Regression
of KS lesions is characterized by decrease in size
(i.e., flattening and shrinking), usually accompanied by residual hyperpigmentation, even when
lesions have disappeared. In some cases, plaques
and nodules may disappear completely.
Oral involvement is commonly associated with
cutaneous lesions and may occur in the absence
of skin lesions (Plate 6). These appear as violetcolored macules, plaques, and nodules on the hard
palate, gingiva, and tongue. The mouth may be the
presenting site in approximately 20% of patients,4
and lesions there may herald a more rapidly progressive form of the disease with higher mortality
than disease confined to the skin. They may also be
a marker of pulmonary involvement.4,6
Other commonly involved sites are the gastrointestinal tract, lungs, and lymph nodes. Lesions
similar to those on the skin can be identified in all
segments of the bowel and respiratory tree and can
cause symptomatic gastrointestinal and respiratory
disease. Bowel involvement will present as obstruction or blood loss, while respiratory involvement will present as cough and dyspnea (labored
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respiration), with or without fever and occasionally with hemoptysis (expectoration of blood from
the respiratory tract). Systemic gastrointestinal and
pulmonary involvement may occur in the absence
of skin lesions. Gastrointestinal bleeding requires
confirmation with a fecal occult blood test, but
only endoscopy allows for an accurate diagnosis.
If the patient presents with chest symptoms, sputa
to exclude an infectious etiology and a chest X-ray
are the first steps to identifying pulmonary KS.
Suggestive findings on the chest X-ray are mediastinal enlargement and diffuse reticulonodular
shadowing, and occasionally effusions. A definitive diagnosis requires bronchoscopy.

Diagnosis of KS
The approach to examination and investigation of
a patient with KS is outlined in Box 2.
If a patient has an abnormal chest X-ray, sputa
microscopy and culture are mandatory to exclude
tuberculosis and Pneumocystis carinii pneumonia
(PCP). If the patient has an effusion, a pleural tap
is essential to exclude infective causes like tuberculosis. A hemorrhagic effusion is suggestive of KS. If
the chest X-ray is abnormal, the patient has been
treated empirically for a chest infection, and sputa
are negative, a bronchoscopy should be considered.
If the patient complains of passing blood from the
rectum or has abdominal symptoms or melena
stools, endoscopy and/or colonoscopy is necessary.
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n
n
n
n
n
n
n
n

Patient complains of skin lesions, or lesions are found incidentally during routine consultation.
Examine skin for violet-colored macules, plaques, nodules, and tumors that are firm and nontender (Plate 1).
Look at oral mucosa and conjunctivae (Plate 6).
Palpate skin of limbs for nonpitting edema (lymphedema) (Plate 7)
If lesions are fungating, they have typical odor caused by superinfection (Plate 5).
Examine chest and abdomen; feel for lymph nodes, liver, and spleen.
Assess for other opportunistic infections (e.g., PCP).
Certain basic investigations are essential to confirm diagnosis and assess extent of disease. They are
important for staging the disease so that appropriate therapy can be identified. These investigations are
– biopsy,
– stool sample for occult blood,
– chest X-ray,
– HIV test,
– CD4 count, and
– full blood count.

The importance of assessment for other opportunistic infections cannot be overemphasized,
because Kaposi’s sarcoma is AIDS defining and
patients presenting with KS suffer marked immunosuppression. Another reason assessing for
opportunistic infections is essential is that they may
cause progression of KS by way of proinflammatory
cytokines.7 Corticosteroids have also been known
to exacerbate KS lesions8,9 and should be avoided in
patients with HIV KS.7 In patients with PCP who
require oral steroids, caution should be used.7
A good history of all current drugs is vital, especially antituberculous and antiretroviral medications. It will influence planning of therapies, especially when current chronic medication might
interact with chemotherapy.

Antiretroviral Therapy
and KS
Because Kaposi’s sarcoma is an AIDS-defining
condition associated with advanced immunosuppression, all HIV-infected patients require antiretroviral drugs (ARVs). ARVs have been shown to
decrease the incidence of new KS cases among HIV
patients8 and are associated with the resolution of
KS lesions. The ability of ARVs to cause regression

is thought to be linked to reduction in HIV-1
viral load and hence the HIV transactivating gene
(tat), induction of spindle cell growth, improved
immune response to HHV-8, and the direct antiangiogenic activity of some protease inhibitors (PIs).7
Thus, the basic workup for initiation of ARVs is the
starting point for any patient with HIV KS.
Although ARV regimens differ from country to
country, any potent regimen that leads to CD4 restoration and HIV viral load suppression will suffice. A review of antiretroviral therapy (ART) in
advanced HIV infection found that non-nucleoside
reverse transcriptase inhibitor (NNRTI) regimens
achieved a higher rate of durable viral suppression
compared with nonboosted PIs.10 Whether a regimen containing PIs is superior to an NNRTI-based
regimen in HIV KS is unknown.7 A response rate
of 20% was reported in a recent study using mainly
protease inhibitor–based therapy in HIV KS.11
Intimately linked with initiation of ARVs is the
development of immune reconstitution inflammatory syndrome (IRIS). KS IRIS refers to the worsening of existing KS or the development of new
KS lesions (cutaneous or visceral) in the first two
months after intiating ARVs. This is in association
with rapidly declining HIV viral load and improving
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Box 2. Steps to Diagnosing a Patient with Kaposi’s Sarcoma

Table 1. AIDS Clinical Trials Group Staging of HIV Kaposi’s Sarcoma
Disease Stage

Tumor State

Immune Status

Systemic Illness

Good Prognosis
T0
I0
S0

Limited to skin and/
or lymph nodes and/or
minimal oral diagnosis

CD4 count >200
cells/mm3

No history of opportunistic infections or thrush
Karnofsky score >70
No type B symptoma

Poor Prognosis
T1
I1
S1

Tumor edema and/or
ulceration
Extensive oral KS
Gastrointestinal KS
KS in non-nodal viscera

CD4 count <200
cells/mm3

History of opportunistic infections or thrush
Karnofsky score <70
Any type B symptoma
Other HIV-related illness

a

Includes unexplained fever, weight loss, diarrhea for more than two weeks, night sweats.

CD4 counts. Pulmonary involvement can be fatal
and patients should continue with ARVs but be
referred for chemotherapy for adequate control.

Staging of Kaposi’s Sarcoma
KS can be divided into good or poor prognosis
disease according to AIDS Clinical Trials Group
(ACTG) criteria that classify disease stage according to the extent of tumor, immune status, and
severity of systemic illness (Table 1).12 When these
criteria were first validated, it was found that the
combination of tumor state and immune status (as
quantified by CD4 count) were predictive of patient
survival.13 However, a more recent evaluation of the
ACTG criteria in the context of ART found that the
combination of advanced tumor state and systemic
disease were predictive of a poor prognosis.7,14
For practical purposes, it is helpful to divide
patients with Kaposi’s sarcoma into the following two categories so that appropriate and specific
therapy can be planned:
• Localized disease—restricted to the skin only or
skin and lymph nodes; lymphedema restricted
to distal extremities or KS sites; nonobstructive
or asymptomatic oral or other visceral disease
• Advanced disease—lymphedema of entire limb;
symptomatic or obstructive visceral involvement
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Therapy
It is well established that HIV-associated KS is not
a curable disease.3 Therefore, the main objectives of
therapy in patients with HIV Kaposi’s sarcoma are
as follows3:
• Palliation and symptomatic management in
patients with disseminated disease
• Improvement of pain associated with
lymphedema
• Maximum possible resolution of disfiguring
cutaneous lesions
• Resolution or slowing growth of visceral lesions
• In all cases, improving the patient’s quality of life
Figure 1 illustrates the approach to therapy of a
patient once diagnosed with KS.

Localized Therapy
For disease localized to skin and mucous membranes, the aim is to treat the patient with ART
alone for as long as possible. If the disease is still in
an early stage, improvement can be expected after
approximately six months once the CD4 count has
increased. Initially, it is important to review patients
at least monthly and advise them to return if the
lesions are increasing in size. Increasing size of
existing lesions and development of new lesions
should be monitored because they can signal the

From the ground up: Establishing a Framework for Success

Kaposi’s sarcoma
Biopsy
HIV
CD4

Localized disease
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ART
Systemic disease

Limited to skin

Lymphedema
Fungating tumor
Bleeding

Disseminated
cutaneous
lymphedema

Visceral disease
IRIS
Large oral lesions

Intralesional drugs
Cryotherapy

Radiotherapy

Etoposide

ABV/BV/V

Figure 1. Treatment algorithm for HIV Kaposi’s sarcoma.
ABV = doxorubicin, bleomycin, and vincristine; BV = bleomycin and vincristine;
IRIS = immune reconstitution inflammatory syndrome; V = vincristine.

manifestation of IRIS. If IRIS occurs, patients will
require chemotherapy while continuing to take
ARVs.
For disease that does not respond to ART alone
and is localized to the skin and mucosa, localized
forms of therapy are indicated. It should be noted
that intralesional chemotherapy with vinblastine,
cryotherapy, or alitretinoin gel are purely for cosmesis and do not control the underlying disease.
Vinblastine is one of the most widely used
intralesional agents. It is cheap and effective, with a
response rate of approximately 70%.15 Small, localized, cutaneous lesions as well as some mucosal
lesions (e.g., on oral mucosa and eyelids) are amenable to therapy. Diluted with local anesthetic in a
solution of 0.2 mg/mL and injected into the lesions,
vinblastine induces necrosis and regression over a
few days. A topical antibacterial cream used prophylactically prevents secondary infection. Among
the drawbacks of most local therapies, including

vinblastine, are that their effect is temporary and
lesions may recur. In addition, patients should be
advised of the postinflammatory hyperpigmentation that occurs as a result of therapy.
Cryotherapy using liquid nitrogen can be
effective for small, isolated, disfiguring cutaneous lesions. Two freeze-thaw cycles applied to the
lesions induces regression over a few days. The
response rate is in the range of 80%, but associated complications include pain, secondary bacterial infection, relapse, and postinflammatory
hypopigmentation.16 In dark-skinned individuals,
the postinflammatory hypopigmentation is more
obvious than the hyperpigmented violet-colored
plaques, which blend in easily with the patient’s
skin color.
Alitretinoin gel is a topical retinoid (9-cisretinoic acid) preparation shown to be effective
in inducing response four to eight weeks after
treatment.17 However, it is expensive and induces
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irritation, causing secondary leucoderma in darkskinned patients. Thus, it is considered impractical
in most resource-limited settings.

Radiotherapy
When patients have localized fungating tumors,
localized lymphedema, or localized disfiguring
cutaneous lesions that have not responded to the
previously listed therapies, radiotherapy in addition to ART is appropriate. Radiotherapy is an
important addition to ART and indicated when
local KS-specific therapy cannot control the disease, yet the disease is not extensive enough to warrant chemotherapy.
A recent Cochrane Review18 assessed the effectiveness of current therapeutic regimens for HIV
KS, with a focus on options available in resourcelimited settings. The major selection criteria for
this review were randomized controlled trials for
HIV KS in adults. The main conclusions were that
data from randomized controlled trials on effective treatments for HIV KS are scarce, particularly
among people who are also taking ART. However,
the review did show that alitretinoin gel is effective
for therapy of cutaneous lesions, pegylated liposomal doxorubicin is effective for advanced KS,
and radiotherapy is effective for treating cutaneous
lesions. Apart from a randomized trial of radiotherapy, no trials applicable to resource-limited
settings were identified.
With respect to radiation, the response to dosages of 20 gray (Gy) given in 10 fractions and 40 Gy
given in 20 fractions were similar, and both dosages
were slightly superior to treatment of lesions with
a single dose of 8 Gy. In addition, radiotherapy is
given to palliate patients with low CD4 counts (less
than 50 cells/mm3) who require systemic chemotherapy but will not tolerate the side effects. It is
also used as an adjunct to chemotherapy for localized tumors and painful lymphedema.19
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Systemic Therapy
For extensive lymphedema, symptomatic visceral
disease, and KS immune reconstitution, chemotherapy is the treatment of choice. Therapy can be
given as either single-agent vincristine (2 mg) or,
if available, a combination of vincristine, doxorubicin (10 mg/m2), and bleomycin (10 mg/m2), also
known as ABV therapy. Chemotherapy can be
administered at two to three weekly intervals until
response is achieved. Drug availability, cost, and
patient CD4 count will dictate which regimen is
chosen. One study used the following guide in the
absence of ARVs19:
• CD4 count greater than 100 cells/mm3: ABV, as
described
• CD4 count of 30 to 100 cells/mm3: vinblastine
6 mg/m2 and bleomycin
Etoposide
The effectiveness of oral etoposide as a treatment
for systemic KS in resource-limited settings has
been documented.20 Its activity may be antiangiogenic and used over a long period at low doses, and
it can be given as metronomic therapy. Low doses
can be given orally at 50 to 100 mg daily, depending on body mass, continuously for three weeks of
the month; patients should be reassessed monthly.
This regimen is especially appropriate in resourcelimited settings where intravenous chemotherapy
is expensive and labor intensive. For ABV therapy,
patients require cardiac assessment prior to doxorubicin infusion. Patients respond well to this regimen over time, and for the nonresponders, etoposide phosphate can be used. ABV chemotherapy
also remains an option.
In our center in Durban, South Africa, chemotherapy is withheld when a patient’s CD4 count is
less than 200 cells/mm3. These patients continue
on ARVs until their CD4 count improves, when
they are better able to tolerate chemotherapy and
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Pegylated Liposomal Doxorubicin
The liposomal anthracyclines, doxorubicin and
daunorubicin, are a first-line treatment for diseases requiring chemotherapy in developed countries. The superior response rates and lower side
effect profile seen with these drugs compared with
standard chemotherapy have been documented in
randomized trials.7,18,22 Recommended dosages for
their use are
• liposomal doxorubicin 20 mg/m2 every three
weeks and
• daunorubicin 40 mg/m2 every two weeks.
Although these drugs are highly effective, they
are prohibitively expensive and not accessible to
most patients with HIV Kaposi’s sarcoma receiving care at public facilities.

Paclitaxel
Paclitaxel is a relatively new agent shown to be
effective and safe for HIV KS patients who require
chemotherapy.23 It is administered in a dose of 100
mg/m2 over three hours every two to three weeks
and must be administered with intravenous dexamethasone to avoid allergic reactions. Concerns
regarding its use include long infusion time, side
effect profile, exacerbation of KS with steroid use,
and prohibitive cost in resource-limited settings.
Because of its high cost, paclitaxel, like pegylated
liposomal doxorubicin, is generally not affordable
or accessible to public-sector patients in resourcelimited settings.

CONCLUSION
The high rates of HIV infection coupled with the
high background seroprevalence of HHV-8 across
sub-Saharan Africa set the stage for KS to continue
to represent a significant public health threat into
the foreseeable future. The currently low coverage of ARVs in many settings will only exacerbate
the situation. Health-care professionals can play
a pivotal role in managing KS through increasing awareness and prevention, as well as through
ensuring early diagnosis, therapy, and palliation of
late-stage disease.
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are less susceptible to opportunistic infections. If a
patient has localized fungating lesions with bleeding, radiotherapy or intralesional therapy can be
given for local control. Another factor complicating the management of these patients is concomitant antituberculous therapy, because of the potential interaction between rifampicin and etoposide.21
Our policy is to complete antituberculous therapy
before giving etoposide and, if necessary, providing local control with radiotherapy.

Color Plates: Conditions Associated with Kaposi’s Sarcoma

Plate 1. Violaceous plaque in a linear distribution
on the trunk in early KS

Plate 3. Violaceous plaques and nodules with
surrounding lymphedema

Plate 2. Nodules of KS with secondary verrucous
change on the lower limbs
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Plate 4. Fungating tumor of lip indicating
aggressive late-stage KS
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Color Plates: Conditions Associated with Kaposi’s Sarcoma (cont.)

Plate 7. Hyperpigmented plaques of KS with
swelling of the hand due to lymphedema

Plate 5. Fungating nodules and tumors with
secondary infection seen in late-stage KS

Plate 8. Profuse nodular lesions with secondary
lymphedema and elephantiasis seen in late KS

Plate 6. Nodular lesions of the hard palate
Opportunistic Infections, Cancers, and Coinfections
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Gastrointestinal Conditions in
People Living with HIV
opportunistic infections,
cancers, and coinfections
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any people living with HIV are
confronted with gastrointestinal problems at some point during the course of
their infection.1 Such problems include oral lesions,
esophageal problems, nausea/vomiting, chronic
diarrhea, and abdominal pain. Gastrointestinal
infections in the immunocompromised host continue to have significant morbidity and mortality
throughout the world.2 Gastrointestinal syndromes
are of critical importance in HIV care because they
interfere with the patient’s nutritional status and can
considerably decrease quality of life. Gastrointestinal
symptoms are also challenging for the clinician, as
they can occur as side effects of HIV therapy as well
as due to conditions related and unrelated to HIV.
This chapter is a syndrome-based guide to the
management of gastrointestinal problems. A syndromic approach is recommended given that multiple
enteric complications may coexist and one organism
may produce several different clinical syndromes.3 A
syndromic approach provides caregivers in resourcelimited settings with the essential tools to identify
and treat the most common problems based on clinical signs and/or simple laboratory findings. For each
clinical syndrome, a flowchart algorithm for diagnosis and treatment is provided. These algorithms are

not exhaustive and should be adapted for use in a
particular setting based on local HIV prevalence and
diagnostic capabilities. Further information regarding differential diagnosis is presented separately as
a table. At the end of each section, practical tips on
symptom relief and information for patients on preventive measures are given. All recommendations in
this chapter are for the immunocompromised, and
as such, non-HIV-related diseases are not discussed.

Oral Lesions
Incidence and Significance of Symptoms
Oral problems occur frequently in people with HIV
disease. In the pre-antiretroviral therapy (ART) era,
approximately 40% to 50% of patients developed oral
fungal, bacterial, or viral infections over the course of
their disease,4,5 and oral manifestations still are one
of the earliest manifestations of immune deficiency
in people living with HIV.6 Although there are considerable regional variations in the prevalence of the
various oral manifestations of HIV infection, it is
clear that oral candidiasis is one of the most frequent
infections occurring during the course of HIV disease on all continents.7-8 Prevalence of oral candidiasis among people living with HIV ranges from 11%
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oral lesions/
discomfort

painless white
patches on lateral
margins tongue?

yes

oral hairy
leukoplakia

yes

Kaposi’s
sarcoma

yes

necrotizing
ulcerative
gingivitis

no

bluish nodules?

no

(bleeding) gum
destruction?

no

white/
erythematous
lesions?

vesicles/
ulcers?

presumptive candida:
nystatin/gentian blue/
miconazole gum
1 week

presumptive herpes simplex
painkiller topical antiseptic
acyclovir 200–400 mg
5 � daily 1 week

improvement

no improvement

improvement

no improvement

continue until
symptoms gone

fluconazole
200 mg daily

continue until
symptoms gone

presumptive
aphthous ulcers
prednisolone
40 mg daily 1 week

Figure 1. Algorithm for the diagnosis and management of oral lesions
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Preventive Measures
• Herpes simplex is easily spread through kissing. If mouth or lips have visual lesions, kissing
should be avoided.
• Bleeding gums may transmit HIV during “deep
kissing” or oral-genital contact. Advise patients
to avoid exposing partners to HIV by taking
all necessary precautions, including abstaining
from risky activities until their condition has
been cured.
• Patients should maintain good oral hygiene
by using a soft toothbrush on teeth, gums, and
tongue after each meal or at least three times a
day. They should rinse their mouth with warm
salty water (one-half teaspoon of salt in a cup
of water) after eating and between meals.

Symptomatic Care

Esophageal Problems

Mouth Care16-17
• Remove bits of food stuck in the mouth with a
soft cloth soaked in salted water.
• Avoid dry mucous membranes—regularly rinse
the mouth with warm salty water (one-half teaspoon of salt in a cup of water) or take frequent
sips of diluted fruit juices and chew on sugarless
gum or candy.
• Patients who have candidiasis under a denture
or partial denture should remove the prosthesis before using topical agents. At bedtime, the
prosthesis should be placed in a chlorhexidine
solution until reinserting it into the mouth.

Esophageal problems in people living with
HIV include difficulty swallowing (dysphagia)
or midline retrosternal pain when swallowing
(odynophagia). Odynophagia and dysphagia
cause significant discomfort and, if left untreated,
may result in scarring of the esophagus, dehydration, and weight loss. Most esophageal conditions
are an indication of severe immunosuppression
(World Health Organization stage IV) and are
therefore an indication for ART.20 ART has been
shown to reduce esophageal opportunistic infections in HIV patients compared with patients who
are not receiving therapy.2,21 The exact prevalence
of esophageal infections is unknown, and not
all patients with esophagitis are symptomatic.22
However, esophageal complaints are common in
HIV-infected patients, occurring in at least onethird of patients at some point during the course
of their disease.19 The majority (50% to 70%)17,19
of patients with dysphagia or odynophagia have
candidal esophagitis alone or in association with
other infectious pathogens.23-25

Pain Relief
• Take a nonsteroidal anti-inflammatory drug
(NSAID) or apply lidocaine mouth gel.
• Mix two tablets of aspirin in water and rinse the
mouth up to four times daily.
• Modify food intake—eat more frequent,
smaller meals.
• Avoid foods or liquids that are very hot in temperature or very spicy.
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to 90%, depending on the study population and the
variability of the diagnostic tools used in the various
studies.9-11 Because oral candidiasis is common and
can recur frequently, it is often the first physical manifestation of HIV disease.12 It may also be a valuable
clinical indicator of virological and immunological
failure of patients on ART.13
Physical examination should include an inspection of the oral cavity, even without the presence
of symptoms. Oral lesions can significantly affect
quality of life in people living with HIV and can
interfere with their ability to chew solid foods, leading to weight loss and malnutrition.12,14 Most mouth
lesions have a prognostic value and are helpful in
determining the stage of HIV disease because they
are correlated with the patient’s CD4 count.6,9,15

Table 1. Differential Diagnosis and Disease-Specific Management of Oral Lesions
Etiology

Signs and Symptoms

Diagnosis

Treatment

Candida

Pseudomembranous
white plaques on
mucosa or tongue that
can easily be scraped
off, leaving a red/
bleeding surface (taste
disturbances)
Erythematous flat
red lesions (burning
sensation)
Angular cheilitis—red
fissures in mouth corner

Clinical:
KOH (potassium
hydroxide) preparation of mouth
scraping showing
pseudohyphae and
yeasts

Nystatin oral tablets 500,000 IU
four times daily until two days
after resolution of symptoms
Gentian violet 1% two times
daily for one week12
Miconazole gum patch once
daily for one week18
If no improvement after
one week, fluconazole 200 mg
daily until symptoms are gone

Oral hairy leukoplakia
(caused by Epstein-Barr
virus)

Unilateral or bilateral
painless adherent white
or grey patches on lingual lateral margins that
cannot be scraped off

Clinical

ART

Herpes simplex

Small painful erosions/
ulcerations with history
of vesicles on inflamed
base on hard palate
and gingiva

Clinical

Topical antiseptic
acyclovir 200–400 mg
five times daily for one week

Necrotizing ulcerative
gingivitis

Inflammation of gums,
loss of teeth

Clinical

Oral hygiene,
topical antiseptic,
metronidazole 500 mg
three times daily for one week

Aphthous ulcers

Painful large ulcers
with history of vesicles
on mucosa

Clinical

Prednisolone 20–40 mg daily
for one week,
topical antiseptic,
painkillers

Kaposi’s sarcoma

Bluish nodules on
palate and gingiva

Clinical
biopsy

ART,
chemotherapy

Salivary gland
dysfunction

Dry mouth

Clinical

Sugarless candy, gum

Oral warts

Papillomatous lesion

Clinical

Excision

Source: Adapted from Lynen.19
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odyno-/
dysphagia

improvement

no improvement

continue
1 week

endoscopy
possible?

yes

opportunistic infections,
cancers, and coinfections

presumptive candida:
fluconazole 200 mg
1 week

treat according
to diagnosis

no
presumptive
herpes simplex
esophagitis:
acyclovir 800 mg
3 � daily 1 week

improvement

follow up

no improvement
presumptive
aphthous ulcers:
prednisolone
20–40 mg daily
1 week*

improvement

continue 1 week

no improvement
stop steroids,
symptomatic
treatment
* If patient is severely ill or suffers from systematic symptoms such as weight loss, night sweats and
particularly fever: exclude systematic infection (TB, CMV) before giving steroids.

Figure 2. Algorithm for the diagnosis and management of esophageal problems
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Table 2. Differential Diagnosis and Disease-Specific Management of
HIV-Related Odynophagia/Dysphagia
Etiology

Signs and Symptoms

Diagnosis

Treatment

Candida

Mostly oral lesions, mostly
dysphagia, no fever

Presumptive
Endoscopy/biopsy

Fluconazole 200 mg daily
for two weeks

Cytomegalovirus
(CMV)

Mostly focal odynophagia,
fever, nausea/vomiting,
CD4 < 100 cells/mm3

Suspected CMV in other
sites (fundoscopy showing
retinitis)
Presumptive in case of failure of antifungal therapy
Endoscopic biopsy

Ganciclovir 5 mg/kg IV
two times daily for
two weeks
or
valganciclovir 900 mg two
times daily for three weeks,
then 900 mg daily
ART

Aphthous ulcers

Mostly odynophagia, no
fever

No pathogen identified on
endoscopic biopsy

Prednisolone 20–40 mg
daily for two weeks

Herpes simplex

Mostly odynophagia, usually oral ulcers, no fever,
CD4 < 100 cells/mm3

Presumptive in case of failure of antifungal therapy
Endoscopic biopsy

Acyclovir 800 mg
three times daily for
one week

Source: Adapted from Lynen.19

Symptomatic Care
Diet and Lifestyle26-33
Patients should do the following:
• Test their ability to swallow with a small amount
of water before each feeding to avoid aspiration
of food.
• Eat slowly in the upright position and do not
bend over or lie flat soon after eating.
• Avoid eating too late at night.
• Raise the head of the bed so that the patient
is lying in an upright position. (This can be
achieved by placing a block under the bed legs
at the head of the bed or by placing some pillows
between the mattress and the bed frame at the
head of the bed.)
• Maintain adequate caloric intake by taking
small but frequent meals containing cool and
soft foods and avoiding foods and drinks that
are known to cause or worsen odyno-/dysphagia
(e.g., spicy, fatty, or fried foods; chocolate; caffeinated drinks or alcohol).
• Try to stop smoking.
282

• Wear clothes that are loose fitting around the
stomach.
Medication
• Stepwise analgesia but avoid NSAIDs.
• Magnesium hydroxide—two tablets after each
meal and at bedtime to neutralize acid. When
patients are on ART or take other medication for opportunistic infections, it is advised
to leave at least one hour between taking these
medications and the magnesium hydroxide
(since many of these drugs require an acid pH
to work properly).
Preventive Measures
See recommendations for oral lesions.

Nausea and Vomiting
Nausea, vomiting, or both are very common
symptoms in any stage of HIV infection but
rarely dominate the clinical picture. Nausea is
a common adverse effect of many antiretroviral
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Etiology

Signs and Symptoms

Diagnosis

Treatment

Adverse effect of ARVs or
other medications (e.g.,
anti-TB medications)

Associated abdominal pain
caused by lactic acidosis,
pancreatitis, hepatitis (due
to PIs, zidovudine, anti-TB
drugs)
Renal insufficiency (due to
tenofovir)

See Table 8
Creatinine (clearance)

See Table 8
Switch ARVs

Mycotic colonization of
gastric system

Associated odynophagia/
dysphagia

See Table 2

See Table 2

Central nervous
system lesion (e.g.,
Cryptococcus neoformans, toxoplasmosis,
TB, bacterial, viral,
lymphoma)

Fever, neck stiffness,
headache, photophobia,
confusion, behavioral
changes

Lumbar puncture

Based on found
etiology

Gastroenteritis

See section on diarrhea

See section on diarrhea

See section on
diarrhea

Bowel obstruction
(Kaposi’s sarcoma, nonHodgkin lymphoma)

No flatus/stools, clangor,
bloating

X-ray standing: proximal dilatation of bowel, air-fluid levels
Ultrasound: air-fluid levels

Surgery
Chemotherapy
ART

Source: Adapted from Lynen.19

drugs (ARVs) and other medications and is
reported in 2% to 17% of patients prescribed protease inhibitors (PIs).34 The most common causal
agents, in order of frequency, are indinavir,
lopinavir/ritonavir, tipranavir/ritonavir, fosamprenavir, atazanavir, and saquinavir. Similar
symptoms are frequently associated with the use
of zidovudine. The effect is dose related.34 The
presence of weight loss or fever implies a more
serious complication of ART or an opportunistic
infection. Often the cause is multifactorial, and a
specific cause cannot be identified. Nonetheless,
clinicians should make an effort to identify the
cause, as untreated nausea can interfere with
ARV medication adherence, result in nutritional
problems, and decrease patient quality of life.

Of note, various clinical studies indicate a lower
prevalence of Helicobacter pylori infection in HIV
patients. This is relevant because in the general
population, gastritis due to H. pylori is the most
common cause of nausea.35-36

Symptomatic Care37
Diet and Lifestyle
Patients should stay nourished and well hydrated
even if they are experiencing nausea and vomiting.
Eating small, frequent meals may be best tolerated,
while avoiding dairy products, greasy and spicy
foods. Seek locally available drinks and foods that
the patient likes. Ginger may help.
Patients should avoid smoking and drinking
coffee or alcohol.

opportunistic infections, cancers, and coinfections
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Table 3. Differential Diagnosis and Disease-Specific Management of
HIV-Related Nausea and/or Vomiting

Medication
It is important to stress to patients that they cannot stop taking any of their medications because
of vomiting. If vomiting occurs within one hour of
taking ARVs, another dose should be taken.
Patients may take metocloperamide (10 mg
every eight hours) to relieve symptoms.

Chronic Diarrhea
Chronic diarrhea is defined as more than three
loose stools a day for more than one month. Despite
the decreased incidence of this condition since the
advent of effective antiretroviral drugs,38‑39 it remains
a very common clinical presentation in HIV-infected
people and may have a variety of causes. Before the
widespread availability of combination ART, chronic
diarrhea was reported to occur in 40% to 90% of
HIV-infected patients, with large variations in pathogens and among studies.3 Prevalence of diarrhea
tended to be particularly high in communities with
overcrowding and/or poor sanitation and limited
access to clean water.40‑44 Diarrhea may cause deterioration of appetite and therefore malnutrition as well
as malabsorption, with subsequent dehydration and
weight loss.40 Persistent diarrhea may also have a significant impact on patients’ quality of life45 and may
interfere with adherence to and efficacy of ART.46 In
areas where both financial and human resources are
limited in providing adequate care, it is associated
with significant morbidity and mortality rates.41
Chronic diarrhea is more common in patients
with low CD4 counts, signaling advanced immunosuppression. Some organisms, such as microsporidia, usually cause diarrhea only in the immunosuppressed; others, such as Cryptosporidium, Salmonella,
Shigella, and Campylobacter, which can cause diarrhea in the immunocompetent population, produce
more severe or prolonged infections in people living
with HIV. Because treatment options vary widely
depending on the infectious agent, microbiologic
evaluation is warranted.46 However, the isolation of
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the underlying causative agent is possible in only 40%
to 60% of patients who present with chronic diarrhea in sub-Saharan Africa and Asia.41,47 Therefore,
familiarity with the most common pathogens in the
clinician’s region will help with diagnosis and treatment.46 For patients taking ARVs (especially PIs) in
whom no infectious agent can be found, diarrhea
may be due to the medication.46
Some of the infectious agents can also cause
acute self-limiting diarrhea (e.g., bacterial enteritis). Cases of principally acute diarrhea in HIVinfected people do not require a different approach
than those in uninfected people. However, monitor closely and ensure adequate fluid intake and
continuation of ARVs.
It should be noted that cases of principally acute
diarrhea in HIV-positive individuals can be managed in the same way as chronic diarrhea. However,
such patients should be monitored closely to ensure
adequate fluid intake and continuation of ART.

Symptomatic Care37,52-57
Diet and Lifestyle
• Patients with severe diarrhea must maintain
adequate hydration. Encourage drinking frequent small amounts of (rice) soup, porridge,
water, or oral rehydration solution. Patients
should avoid high-sugar drinks, caffeinated
beverages, and alcohol and should drink at least
200 mL extra on top of normal fluid intake after
each unformed stool.
• Encourage frequent intake of easily digested
foods such as bananas (rich in potassium), rice
and potatoes (reduce diarrhea), boiled vegetables,
crackers, and carrot soup (replaces minerals and
vitamins). Patients should avoid high-fiber foods,
greasy, spicy, or raw foods, and dairy products.
Nutritional support is very important to avoid
wasting. At least 2,500 kcal daily are needed.
• In case of cramps, avoid beans, cabbage, cauliflower, spices, and carbonated drinks.
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chronic
diarrhea

yes

see tables 4 and 5:
assessment and
treatment of
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opportunistic infections,
cancers, and coinfections

dehydration?
no
if available:
stool microscopy
�/� culture max 3
no

bloody
diarrhea/
mucus

watery
diarrhea

recent
hospitalization/
antibiotic
use?

yes

presumptive
C. difficile

cotrimoxazole 1 double strength (DS)
2 � daily and metronidazole
500 mg 3 � daily 1 week

ciprofloxacin 500 mg
2 � daily and
metronidazole
750 mg 3 � daily
1 week*

relapse within
4 weeks?

yes

on ART?

consider
adverse
effect of ART

no

no

improved

treatment
according to
specific
pathogen

improved

continue
1 week/
follow up?

improved

continue
cotrimoxazole
1 DS 2 � daily
3 weeks

not improved
cotrimoxazole 1 DS
4 � daily and
albendazole 400 mg
2 � daily 1 week

not improved
presumptive
campylobacter
jejuni:
erythromicin
500 mg 2 � daily
5 days

improved

follow up

not improved

retreat
2 weeks

consider
TB/MAC/CMV
especially if
altered general
condition
or fever

not improved
yes

treat
according
to diagnosis

no
ART
symptomatic
treatment

Figure 3. Algorithm for the diagnosis and management of chronic diarrhea
opportunistic infections, cancers, and coinfections
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Table 4. Assessment of Dehydration
Clinical Features

Mild
Dehydration

Moderate Dehydration
(two signs present)

Severe Dehydration (more
than two signs present)

General appearance

Thirsty, alert

Thirsty, alert

Anxious, cold extremities,
clammy, muscle cramps,
dizzy if standing, wrinkled
skin of fingers

Pulse

Normal

Rapid

Rapid or absent

Respiration

Normal

Deep, sometimes rapid

Deep, rapid

Systolic blood pressure

Normal

Normal

Low, immeasurable

Eyes

Normal

Sunken

Severely sunken

Mucous membranes

Moist

Dry

Very dry

Urine output

Normal

Reduced, dark

Anuria

Percentage of body weight loss

1–5%

6–9%

10% or more

Source: Adapted from World Health Organization.48

Table 5. Management of Dehydration

Management

Mild Dehydration

Moderate Dehydration

Severe Dehydration

Continue drinking extra
fluid or oral rehydration
solution (ORS) until diarrhea stops
At least 200–300 mL extra
after each loose stool

2,200–4,000 mL ORS in four
hours, then continue drinking extra fluid (or ORS) until
diarrhea stops
At least 200–300 mL extra
after each loose stool

100 mL/kg IV Ringer’s
lactate solution (30 mL/
kg in 30 minutes then
70 mL/kg in 2.5 hours)
ORS 5 mL/kg/hour as
soon as patient can
drink

Source: Adapted from World Health Organization.48

Table 6. Differential Diagnosis and Disease-Specific Management of HIV-Related Diarrhea
Etiology

Symptoms

Diagnosis

Treatment

Cryptosporidia

Profuse watery diarrhea with
malabsorption and wasting,
CD4 < 100 cells/mm3, usually no
fever, cramping pain

Stool microscopy:
modified acid-fast
stain

ART and symptomatic treatment

Microsporidia

Profuse watery diarrhea, weight
loss, CD4 < 100 cells/mm3, no
fever, cramping pain

Modified trichrome
stain

ART

Cyclospora

Watery diarrhea,
CD4 < 100 cells/mm3

Stool microscopy:
modified acid-fast
stain

Cotrimoxazole 1 double strength (DS) (sulfamethoxazole 800 mg + trimethoprim
160 mg) four times daily for 10 days
Secondary cotrimoxazole prophylaxis (1 DS
daily)
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Etiology

Symptoms

Diagnosis

Treatment

Isospora belli

Watery stools, no fever,
CD4 < 100 cells/mm3,
abdominal pain, wasting49

Stool microscopy:
modified acid-fast
stain

Cotrimoxazole 1 DS four times daily for 10 days,
then 1 DS two times daily for three weeks
Secondary cotrimoxazole prophylaxis (1 DS
daily)

Giardia lamblia

Watery diarrhea, flatulence,
bloating

Antigen detection
Stool microscopy

Metronidazole 250 mg three times daily for
10 days

Entamoeba
histolytica

Bloody stools, cramps

Stool exam

Metronidazole 750 mg three times daily for
10 days, then paromomycin 500 mg four times
daily for one week

Disseminated
Mycobacterium
avium complex
disease

Watery diarrhea,
CD4 < 100 cells/mm3,
prolonged fever,
wasting

Exclusion diagnosis
Severe anemia
Blood culture
Intestinal biopsy

Clarithromycin 500 mg two times daily or
azithromycin 500 mg daily + ethambutol
15 mg/kg daily (+ rifabutin 300 mg daily) for
24 weeks
ART after one month
Lifelong secondary prevention
Azithromycin 1,200 mg one time weekly or
clarithromycin 500 mg two times daily

Clostridium
difficile

After antibiotics/ hospitalization: watery stools, fever,
any CD4

C. difficile toxin assay
on stool
Leucocytes in stool

Metronidazole 500 mg three times daily for
one week
Stop antibiotics

Salmonella

Fever, malaise, any CD4

Stool culture

Ciprofloxacin 500 mg two times daily
for one week

Shigellosis

Stool with blood/mucus,
high fever, abdominal pain,
tenesmus

Stool culture

Cotrimoxazole 1 DS two times daily for
five days*
or
ciprofloxacin 500 mg two times daily for
one week34

Campylobacter
jejuni

Fever, stool with blood, abdominal pain, tenesmus

Stool culture

Erythromycin 500 mg two times daily for
five days

Strongyloides
stercoralis

Larva currens, cough (ARDS),
abdominal pain, more likely
after taking high-dose steroids

Larvae in stool/
sputum
Eosinophilia

Ivermectin 12 mg daily for three days
or
albendazole 400 mg two times daily for
five days

Cytomegalovirus

Watery diarrhea +/− blood, can
cause perforation/hemorrhage,
toxic megacolon,
CD4 < 50 cells/mm3,
fever, pain

Endoscopic biopsy

Ganciclovir 5 mg/kg IV two times daily for
two weeks
or
valganciclovir 900 mg two times daily for
three weeks, then 900 mg daily
ART

ARVs (nelfinavir,
ritonavir,
lopinavir,
zidovudine,
didanosine)

Watery diarrhea, no fever

No diagnostic test
available; diagnosis
made by ruling out
other options

Oat bran
Calcium carbonate
Consider switching ART regimen

Source: Adapted from Lynen.19
* Studies in Lima, Peru, and Nairobi, Kenya, have reported high resistance rates of bacterial pathogens to cotrimoxazole.50-51
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Table 6. Differential Diagnosis and Disease-Specific Management of HIV-Related Diarrhea (cont.)

• Provide devices for incontinence (e.g., protective
bed coverings, sheets, etc.) to prevent soiling.
• Ensure good anal care. Clean anal area with soft
tissue after passing stool, wash with water and
soap if necessary, and apply petroleum jelly or sit
in a basin of water with a pinch of salt twice daily.
Medication (unless there is blood in stool or the
patient is elderly)
• Calcium carbonate 500 mg three times daily
• Loperamide 4 mg once, then 2 mg after each
unformed stool (maximum 16 mg/day)
• Codeine 30 to 60 mg three to six times daily,
maximum 300 mg daily
• Oral morphine 5 mg every four hours
In addition, offer psychosocial support for the
patient and the family through counseling.
Preventive Measures17
In resource-limited settings where drugs and health
personnel are in short supply, educating patients in
the management and prevention of their own diarrhea is highly important. Explain the significance
of diarrhea in HIV infection, how to recognize
the severity of diarrhea, and when to seek medical
attention. Also advise patients to drink only boiled
or bottled water and to eat only cooked meat and
peeled/cooked fruit and vegetables.
Instruct the patient and family in how to handle
soiled bed linen and the disposal of feces. If necessary, give them appropriate materials (gloves, buckets, etc.). Recommend scrupulous hand washing for
the patient and all contacts, especially after using the
toilet and before preparing or eating food, keeping
in mind that things likely to be contaminated with
feces are the skin around a person’s anus; skin or fur
of farm animals and household pets; dirt (in gardens,
parks, etc.); children in diapers; clothing; bedding;
toilets or bedpans used by someone with diarrhea;
uncooked or unwashed food; and water used for
bathing, swimming, or drinking.
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Abdominal Pain
Abdominal pain is frequent in people living with
HIV; one study in South Africa reported a 45%
prevalence of abdominal pain among HIV-positive
outpatients. In that study, abdominal pain was associated with poor survival.58 Abdominal pain can
occur at any stage of HIV infection, but etiology will
differ according to immune status and geographic
location. It is a challenging problem for the clinician because it can be caused by very benign as well
as very serious etiologies. Abdominal pain in HIV
patients is often a marker of an underlying opportunistic pathologic condition. In areas of high TB
prevalence, abdominal pain should be highly suspected as a sign of disseminated TB infection.58
Patients on ART can also suffer from various side
effects that provoke abdominal pain.

Symptomatic Care16
Diet and Lifestyle
In case of cramps, avoid beans, cabbage, cauliflower, spices, and carbonated drinks.
Medication
Pain relief:
• Step 1: nonopioid (e.g., aspirin, paracetamol,
NSAID)
• Step 2: weak opioid (e.g., codeine) +/− step 1
• Step 3: strong opioid (e.g., morphine/tramadol)
+/− step 1
The following adjuvants may be added:
• For cramps: codeine 30 mg every four hours or
hyoscine 10 mg three times daily or loperamide
2 to 4 mg four times daily
• For visceral pain: prednisone 10 to 80 mg daily
for one week
Preventive Measures
See section on diarrhea.
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Figure 4. Algorithm for the management of abdominal pain
opportunistic infections, cancers, and coinfections
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Table 7. Assessment of Danger Signs in Cases of HIV-Related Abdominal Pain
Danger Sign

Symptoms

Diagnosis

Treatment

Obstruction

No flatus/stools, clangor,
bloating, nausea, vomiting

X-ray standing: proximal
dilatation of bowel, airfluid levels
Ultrasound: fluid levels

Nasogastric tube
surgery

Peritonitis/perforation

Patient lies still, toxic, fever,
shock, no bowel sounds,
rebound tenderness

Rx standing: free air
under diaphragm

Surgery

Table 8. Differential Diagnosis and Disease-Specific Management of HIV-Related Abdominal Pain
Etiology

Signs and Symptoms

Diagnosis

Treatment

Localized Abdominal Pain
Visceral
leishmaniasis

Left upper quadrant pain,
splenomegaly, fever

Amastigotes in blood / bone
marrow / lymph node smear

Pentavalent antimonium 20 mg/kg/
day for one month or amphotericin B
0.7 mg/kg/day for 28 days

Entamoeba
histolitica

Right upper quadrant pain
due to liver abscess, fever

Ultrasound
Aspiration of nonsmelly pus

Metronidazole 750 mg three times
daily for 10 days, then diloxanide
furoate 500 mg three times daily for
10 days

Pancreatitis
(didanosine,
stavudine,
pentamidine,
sulphonamides)

Upper abdominal pain,
rapid onset with band-like
irradiation to back, relieved
by leaning forward, fever,
malaise, nausea, anorexia

Elevated amylase/lipase

Stop didanosine
Stop stavudine (restart at lower dose
after lab and symptoms normal)
Nasogastric suction, IV fluids, no
enteral feeding

Hepatitis (all
ARVs including
nevirapine,
ritonavir,
isoniazid,
fluconazol)

Right upper quadrant pain,
jaundice, malaise, anorexia,
nausea/vomiting, weight loss

Elevated AST/ALT

Stop ART/isoniazid if AST and/or
ALT elevations more than five times
normal

Renal colics/
nephrolithiasis
(indinavir,
sulfadiazine)

Colicky flank pain irradiating
to groin
Dysuria/hematuria

Clinical
Urine analysis

IV fluid
Pain relief
If patient on indinavir, consider
changing to other PI or non-nucleoside reverse transcriptase inhibitor50
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Table 8. Differential Diagnosis and Disease-Specific Management of HIV-Related Abdominal Pain
(cont.)
Etiology

Signs and Symptoms

Diagnosis

Treatment

Generalized Abdominal Pain
Prolonged high fever, chills,
night sweats, anorexia,
weight loss, abdominal
swelling, peripheral
lymphadenopathy

Ultrasound: lymph nodes >
1.5 cm (with central necrosis),
splenic microabcesses,
lymphocytic transudate
(protein > 2.5 g/dL) after
peritoneal punction
Chest X-ray
AFB smear other sites51

Based on national
TB treatment guidelines

Mycobacterium avium
complex (MAC)

CD4 < 50 cells/mm3, prolonged fever, gradual wasting, hepatosplenomegaly

Severe anemia, neutropenia,
alkaline phosphatase > × 2
Blood culture,
exclusion diagnosis after
failing TB treatment

See Table 6

Bacteria (Salmonella
typhi and non-typhi,
Shigella, Campylobacter,
Clostridium difficile)

Acute onset, high fever,
toxic, acute diarrhea

See section on diarrhea

See Table 6

Parasites and protozoa
(microsporidia, cryptosporidia, Isospora belli,
Strongyloides stercoralis)

Cramping abdominal pain,
diarrhea, malabsorption,
wasting
Right upper quadrant pain:
sclerosing cholangitis, (acalculous) cholecystitis

See section on diarrhea

See Table 6

Cryptococcus neoformans

Bulky lymphadenopathy,
fever,
CD4 < 50 cells/mm3

Ultrasound
Serum Ag test
Pathogen isolation
Lymph node / sputum /
cerebrospinal fluid

Amphotericin B IV 0.7 mg/kg
daily for two weeks, followed
by fluconazole 400 mg daily
for two months
Secondary prophylaxis:
fluconazole 200 mg daily

Cytomegalovirus (CMV)

CD4 < 50 cells/mm3, fever,
bloody diarrhea, mucosal
ulcers, CMV retinitis

Exclusion diagnosis after
failure
Antibacterial and antifungal
therapy

See Table 6

Lactic acidosis50

Patient on ART, fatigue,
shortness of breath, nausea,
vomiting, anorexia, muscle
pain, numbness

Anion gap > 13 mmol/L
Venous lactate > 5 mmol/L

Stop ARVs; IV fluids
Oxygen
Sodium bicarbonate
Resume ART after symptoms/
lab okay, switch to other
nucleoside reverse
transcriptase inhibitor

opportunistic infections,
cancers, and coinfections

Disseminated TB

Source: Adapted from Lynen.23
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291

Conclusion
Because the majority of people living with HIV are
confronted with gastrointestinal problems at some
point during the course of disease, and because
those conditions are a significant cause of morbidity and mortality throughout the world, dealing with them properly is of critical importance
in comprehensive HIV care. With the advent and
increasing availability of combination ART, HIV
is gradually becoming a manageable chronic disease. Gastrointestinal symptoms can interfere with
the patient’s nutritional status and can considerably
decrease the quality of life. As such, neglecting such
symptoms, whether they are due to medication
side effects or disease progression, will decrease the
overall quality of HIV care.
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Although gastrointestinal symptoms may be
challenging to diagnose and manage due to multiple etiologies, it is highly important to follow
them closely and to consider any and all causes of
gastrointestinal discomfort. Additionally, any clinical feature related to the gastrointestinal tract is
an important opportunity for the clinician to discuss nutritional status, fluid intake, feeding habits,
hygiene, and adherence to ARVs with the patient.
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Identification and Management of
Cutaneous Manifestations of HIV in
Adults and Children
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Department of Dermatology, Nelson R Mandela School of Medicine, University of KwaZulu-Natal, South Africa

a

D

iseases affecting the skin and
oral mucosa affect approximately nine of ten
people living with HIV.1 Cutaneous manifestations may be the initial indication of a diagnosis of HIV infection, especially in cases when the
host immunity is still relatively robust (as is often
the case with herpes zoster). These manifestations
may also occur further along in the course of HIV
infection as immunity begins to decline (as with
seborrheic eczema) or as a manifestation of fullblown AIDS. These conditions can also serve as
markers of severe immunodeficiency, which if left
untreated can be fatal (as in histoplasmosis).
As with other systems, several signs of immune
deficiency can manifest in the skin. As CD4 counts
decline and patients suffer with more severe
immune deficiency, multiple skin pathologies will
present. These may require longer periods of therapy and can relapse more frequently than pathologies occurring in HIV-negative individuals.
Thus, the importance of having a thorough
working knowledge of the cutaneous manifestations of HIV/AIDS cannot be overemphasized for
those working with HIV-infected individuals. Skin
disease, although not a common cause of mortality,
is a significant cause of morbidity and thus requires

timely recognition and appropriate therapy to significantly improve quality of life for the affected person.
Appropriate and timely diagnosis and treatment is
even more critical in resource-limited settings, where
patients often have limited access to antiretroviral
therapy and therefore may suffer from the manifestations of immune deficiency for prolonged periods.

Cutaneous Manifestations
of HIV Infection
The most common cutaneous manifestations of
HIV infection are described here and summarized
in Table 1, while cutaneous AIDS-defining conditions are described in Box 2.

Infections and Infestations
Infections and infestations form the largest group of
cutaneous manifestations of HIV. This group comprises fungal, viral, bacterial, and parasitic infestations. Infections occurring in HIV-infected individuals are usually common in the general population
but in the immunocompromised individual tend to
be more severe and more resistant to conventional
therapy, may be prone to more frequent relapses, and
may require recurrent courses of therapy (e.g., oral
candidiasis). Some conditions, such as cutaneous
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Box 1. Skin Rash Terminology
Alopecia: partial or complete loss of hair
Bulla: a fluid-filled lesion with a diameter greater than 0.5 cm
Crusts: dried serum, pus, or blood usually mixed with epithelial and sometimes bacterial debris
Erosion: complete loss of the epidermis alone; heals with no scarring
Erythema: redness of the skin
Erythroderma: diffuse redness of the entire skin, usually associated with scaling
Excoriation: linear breech of the epidermis, usually secondary to scratching
Fissure: linear breech of the epidermis plus a portion of the dermis
Hyperkeratosis: overgrowth of the cornified layer of the skin clinically manifesting as scaling or thickening of
the epidermis
Macule: lesion characterized by alteration in skin color (not palpable)
Maculopapular: combining the characteristics of a macular and papular lesion, synonymous with morbilliform
or exanthematous
Nodule: solid elevated lesion with a diameter greater than 0.5 cm with substantial depth
Papule: solid elevated lesion with a diameter less than 0.5 cm
Papulosquamous: characterized by discrete raised dry scaling lesions
Plaque: slightly elevated lesion with a diameter greater than 0.5 cm without substantial depth
Pruritus (itch): unpleasant sensation that provokes the desire to scratch the skin
Pustule: lesion filled with pus with a diameter less than 0.5 cm
Scale: visible aggregate of corneocytes varying in size and color
Ulcer: rounded or irregularly shaped excavation that results from complete loss of the epidermis plus a portion
of the dermis
Umbilicated lesion: an elevated lesion with a depressed central area
Urticaria: transient papules or plaques caused by dermal edema
Vesicle: fluid-filled lesion with a diameter less than 0.5 cm
Xerosis: dryness of the skin

cryptococcosis, are peculiar to immunosuppression,
and their presence necessitates further investigation.

Inflammatory Conditions
The most common conditions in this group are the
seborrheic eczemas, pruritus, xerosis, and papular
eruptions. Although not associated with mortality,
these conditions are extremely debilitating to the
individual, and simple measures can be taken to
significantly improve quality of life.

Tumors
Kaposi’s sarcoma, as well as Hodgkin’s and non-Hodgkin’s lymphomas, can present on the skin and can be
diagnosed based on characteristic presentations, aided
by histopathology. These are described elsewhere in
this text and will therefore not be discussed here.
298

An Algorithmic Approach to
Skin Manifestations of HIV
The cutaneous manifestations of HIV have always
been classified etiologically. In contrast, this chapter classifies them according to lesion type (i.e.,
morphologically) as an aid to readers who have no
specific training in diagnosing skin conditions.
The sections that follow cover six categories of
cutaneous lesions: plaques, nodules, oral mucosal
lesions, papules, blisters, and ulcers. Each section
begins with an algorithm to assist in diagnosing the
more common morphologically related skin conditions, followed by brief descriptions of possible
etiologies and recommended therapy. Color plates
featuring photographs of these various conditions
are included at the end of this chapter. The categories of lesions described are defined as follows:
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Table 1. Common Cutaneous Manifestations
of HIV/AIDS
Type

Specific Conditions

Fungal

Oral candidiasis
Tinea capitis, corporis, cruris,
and unguium
Cryptococcosis
Histoplasmosis
Sporotrichosis

Viral

Herpes labialis and genitalis
Herpes zoster
Chicken pox
Warts
Molluscum contagiosum
Oral hairy leukoplakia

Bacterial

Impetigo
Ecthyma
Tuberculosis
Atypical mycobacteria
Syphilis
Bacillary angiomatosis

Parasitic

Scabies

Inflammatory

Seborrheic eczema
Pruritus
Papular eruptions
Xerosis
Drug eruptions
Photodermatitis
Psoriasis
Nutritional disorders
Vasculitis
Immune reconstitution
inflammatory syndrome

Tumors

Kaposi’s sarcoma
Non-Hodgkin’s lymphoma
Hodgkin’s lymphoma

Plaques
Seborrheic Eczema

1-6

Seborrheic eczema (Plates 1a–1d) is one of the
conditions most commonly associated with HIV.
Although it can occur at any CD4 count, it tends to
become more severe and recalcitrant to therapy as
the CD4 count declines.3 It begins insidiously with
plaques, weeping, and pruritus involving the scalp
and flexures (i.e., axilla, inframammary, groin, and
retroauricular folds). The scalp has yellow, greasy
scales, and the flexures are erythematous and often
secondarily infected. It may be difficult to distinguish from flexural psoriasis, and the clinician
should look for the distinguishing features of psoriasis. In infants, it may present as erythroderma (i.e.,
redness and scaling of more than 90% of the body)
or napkin dermatitis. As the child grows, it presents
in the adult form but heals with hypopigmentation.
Therapy4
If infected (i.e., weepy and malodorous), treatment begins with a systemic broad-spectrum antibiotic, such as erythromycin 500 mg four times a
day for seven days, and potassium permanganate (KMnO4) soaks. That is followed with specific therapy such as topical corticosteroids (1%
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• Plaques: solid, flat lesions more than 2 cm in
diameter (e.g., psoriasis)
• Nodules: solid, rounded lesions more than 0.5
cm in diameter (e.g., Kaposi’s sarcoma)
• Oral mucosal lesions: plaques on tongue or buccal mucosa
• Papules: solid lesions less than 0.5 cm in diameter (e.g., molluscum contagiosum)
• Blisters: clear, fluid-filled lesions (e.g., herpes
zoster)
• Ulcers: breaches in the epidermis of the skin
(e.g., aphthous ulcers)

Box 2. AIDS-Defining Skin Conditions
n
n
n
n

Kaposi’s sarcoma
Histoplasmosis
Cryptococcosis
Herpes simplex ulcers for more than one month
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Plaques
Solid, flat lesions more than 2 cm in diameter
Scalp
If scalp alone, without other sites
involved, and patient has scaling,
alopecia, and cervical nodes

If scalp and flexures (inframammary,
axillae, groin, retroauricular folds)
involved

Tinea capitis: confirm
with potassium hydroxide
or culture
Psoriasis: if scalp has silvery scales,
plaques on extensors (elbows, knees,
lumbosacral area) are silvery, and there
are joint and nail changes

Seborrheic eczema: if scalp greasy,
crusted, and fexural lesions weepy

Photodermatitis: if on face, “V” of neck,
nape of neck, extensors of upper
and lower limbs

Ichthyosis: if on lower limbs (extensors)
crazy paving appearance

If there is no specific distribution but the
plaques are annular (active edge with
central clearing)
Itchy
Tinea infection: papules or blisters on
the periphery, scaling, confirm with
KOH or culture

Drug eruption: truncal eruption,
mucosal involvement, take history
of drug use
Not itchy

Secondary syphilis: eruption around
mouth and nose, palms and soles, oral
mucosa; confirm with serological
test for syphilis

Figure 1. Algorithm for the diagnosis of patients presenting with plaques
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Ichthyosis
Ichthyosis is common in the presence of any
chronic disease or malnutrition and as such is
also commonly found in people living with HIV.
It presents with “fishlike” scales on the extensors
of the lower limbs but may progress to involve
the upper limbs and trunk. It may be associated
with pruritus and xerosis. Xerosis is common in
HIV, seen in approximately 30% of patients,5,6
whereas pruritus is seen in advanced disease and
is a marker of disease progression because it commonly occurs in patients with CD4 counts less
than 50 cells/mm3.3,7
Pruritus in the HIV-infected individual may
have various cutaneous and systemic causes,
including cutaneous infestations with scabies or
insect bites, inflammatory conditions like drug
reactions and papular eruptions, iron deficiency,
or more sinister malignancies like Hodgkin’s or
non-Hodgkin’s lymphoma. In addition to searching for an underlying cause, therapy should aim at
relieving the pruritus.7-9
Therapy
Therapy is aimed at moisturizing the skin with
emollients. A combination of white soft paraffin and liquid paraffin in a 50:50 mixture or 2%
salicylic acid should be applied twice a day.
Antihistamines, such as chlorpheniramine maleate
4 mg TDS, hydroxyzine 25 mg TDS, or promethazine 25 mg nightly, can also be used.
If the patient is still symptomatic, amitriptyline
25–75 mg nightly can be added.

Psoriasis1-9
Psoriasis (Plates 2a–2c) can occur in the severely
immunocompromised patient. It may present as
psoriasis vulgaris (i.e., well-defined erythematous
plaques with silvery scales involving the extensors) or as flexural lesions, which can overlap with
seborrheic eczema or as erythroderma. Clues to
psoriasis include silvery scaling, scalp involvement, nail changes (e.g., pitting and onycholysis),
and joint pain. Psoriasis in HIV-infected individuals tends to be hyperkeratotic or rupioid and
unstable (i.e., tending toward erythroderma), and
the affected individuals are more likely to develop
arthritis.10,11
Therapy
If localized, topical therapy can be used as follows:
• For face, flexures, hands, and feet: topical
corticosteroids, such as 1% hydrocortisone for
the face, or methylprednisolone aceponate or
betamethasone valerate one-third strength for
face and body.
• For body: 6% tar in 2% salicylic acid or calcipotriol twice daily, or dithranol.
If extensive, high-dose vitamin A preparations
(e.g., acitretin 25 mg daily) is recommended.

Photodermatitis1,2
Individuals whose immunity is declining are prone
to photosensitivity that may be worsened by certain
drugs (e.g., tetracyclines, antituberculosis therapy).
People with this condition complain of burning or
pruritus of the sun-exposed areas (i.e., the face, “V”
and nape of the neck, extensors of the arms, and in
females, extensors of the lower legs). Areas of sparing include the upper eyelids, retroauricular area,
and under the chin. If left untreated, the condition may progress to a chronic lichenified eczema
(i.e., thickening, hardening, and darkening of the
skin) involving the affected areas. With constant
scratching, secondary infection may occur, leading

opportunistic infections, cancers, and coinfections

301

opportunistic infections,
cancers, and coinfections

hydrocortisone for the face, methylprednisolone
aceponate cream or betamethasone valerate [onethird strength] for face and body), ketoconazole
shampoo, antihistamines (e.g., chlorpheniramine
maleate 4 mg via transdermal delivery system
[TDS], hydroxyzine 25 mg TDS, or promethazine
25 mg nightly).

to depigmentation caused by the inflammation
(Plates 3a–3b).
Therapy
Topical corticosteroids, such as 1% hydrocortisone,
are effective for the face; methylprednisolone aceponate or betamethasone valerate can be used at
one-third strength for the face and body.
Antihistamines (e.g., chlorpheniramine maleate
4 mg TDS, hydroxyzine 25 mg TDS, or promethazine 25 mg nightly) can also be used.
Sun avoidance and regular use of sunscreen are
mandatory.

Tinea Infections1-4
Dermatophyte (fungus parasitic on the skin or skin
derivatives) infection, which presents as “ringworm,” occurs more frequently in HIV-infected
individuals. Infection presents in both children
and adults as tinea corporis or ringworm of the
glabrous (hairless) skin (Plates 4a–4b). The lesions
are annular plaques that clear centrally and have
an active border consisting of papules, vesicles, or
excoriations. Lesions in HIV-infected individuals may be more extensive, atypical, nodular, and
recalcitrant to therapy.12 Similar lesions occur on
other sites of the body, such as the groin (tinea cruris), hands (tinea manum), feet (tinea pedis), and
scalp (tinea capitis). On the hands and feet, scaling may occur, and the nails may also be affected.
The nails are usually discolored, crumbly, and
hyperkeratotic. Scalp involvement, or tinea capitis, typically presents as scaling, broken-off hairs,
and cervical adenopathy. However, there may be
secondary infection, pustules, and boggy plaques.
Diagnosis can be confirmed under a microscope
with the addition of potassium hydroxide (KOH
20%). Visualization of the hyphae in the keratin of
the skin, hair, or nails will confirm the diagnosis.
Scales, hair, or nail clippings can also be sent to the
laboratory for direct microscopy and culture.
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Therapy
Therapy for tinea corporis, cruris, manum, and
pedis depends on the extent of the fungal infection.
If localized, topical antifungal creams (e.g.,
econazole, miconazole, clotrimazole, or terbinafine
cream) can be given twice daily for 14 days.
If there is extensive skin, hair, or nail involvement, systemic antifungal therapy is required:
• Griseofulvin 1 g/day for 28 days and 20 mg/kg
in children, or
• Itraconazole 200 mg/day for 5 days or 5 mg/kg
in children, or
• Terbinafine 250 mg/day for 14 days for extensive tinea corporis. In children, 250 mg if child
weighs more than 40 kg, 125 mg if 20–40 kg, and
62.5 mg if less than 20 kg; administer for 14 days
for tinea corporis or 28 days for tinea capitis.
For tinea unguium (nail infection), the duration is
much longer:
• Griseofulvin for 6 months for fingernails, 12
months for toenails, or
• Itraconazole 400 mg/day for 1 week every
month and continued for 2 months for fingernails, 4 months for toenails, or
• Terbinafine 250 mg/day continuously for 6
weeks for fingernails and 12 weeks for toenails
If patients are on antiretroviral drugs (ARVs),
especially non-nucleoside reverse transcriptase
inhibitors (NNRTIs), the azole antifungals should
be avoided. The least interaction is expected with
terbinafine. However, if a few nails are affected
(less than three), it is cost-effective to use topical therapy because it avoids the problem of drug
interactions. A combination of 2% clotrimazole in
40% urea or amorolfine nail lacquer can be used.

Drug Eruptions1-6
Drug eruptions (Plates 5a–5b) occur 100 times
more frequently in HIV-infected individuals,
with the probability of drug reactions increasing
with advancing immunodeficiency. 13 The most
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Therapy
Therapy is aimed at identifying the causative drug
and withdrawing it from use. For mild reactions,
therapy with antihistamines and topical steroids is
recommended.
When SJS or TEN is suspected, withdraw the
most likely offending drug, monitor for sepsis, maintain fluid and electrolyte balance, dress
denuded skin, and prescribe adequate analgesia.

Secondary Syphilis1-5
Syphilis (Plates 6a–6e) can present as a variety of
cutaneous lesions. The classical lesions of secondary syphilis are an asymptomatic papulosquamous
truncal eruption, annular plaques (especially of
the “muzzle” area of the face), split papules involving the angles of the mouth, snail track ulcers of
the tongue, and hyperpigmented papules of the
palms and soles. There may also be alopecia and/or
lymphadenopathy. The rash of secondary syphilis
in HIV-infected individuals may present as it does
in the immunocompetent individual. However,
there are some differences: more than one primary lesion, or primary and secondary lesions may
coexist. Secondary lesions may be more aggressive,
profuse, and ulcerated (i.e., lues maligna, a form of
secondary syphilis) and there is a more rapid conversion from secondary to tertiary syphilis.17
Diagnosis can be confirmed with nontreponemal tests (e.g., Wasserman reaction, rapid plasma
reagin, and Venereal Disease Research Laboratory
[VDRL]), but therapy should only be considered
with titers greater than 1:8. The rate of false-negative serologies is higher when syphilis is strongly
clinically suspected, and the treponemal tests are
more sensitive. Lumbar puncture should be done
for serology of the cerebrospinal fluid (CSF)
because a positive CSF serology would require
intravenous penicillin therapy.
Therapy
Therapy is benzathine benzylpenicillin 2.4 million units (miu) weekly for three weeks, with all
partners treated concurrently. If patients are allergic to penicillin, it is best to desensitize. However,
both doxycycline 100 mg two times daily for 28
days or erythromycin 500 mg four times daily for
28 days is effective. If the CSF is positive, therapy with aqueous penicillin intravenously for six
weeks is required.
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common drugs implicated are the antibiotics—
specifically, cotrimoxazole and the penicillincontaining antibiotics.14-16 Other drugs commonly
associated with eruptions include anticonvulsants,
antituberculous drugs, and NNRTIs. The most
common presentation is the morbilliform (maculopapular) eruption, which is itchy and occurs one
to three weeks after initial exposure to the drug.
Eruption can occur within 24–48 hours of reexposure. In addition to the morbilliform pattern, urticaria (hives) is a common manifestation of drug
hypersensitivities in HIV infection.14 Examining
the mucosal surfaces (conjunctivae, oral and genital mucosae) is important, and the presence of
annular or mucosal lesions points to a drug eruption. When two or more mucosae are affected, it
is called Stevens-Johnson syndrome (SJS). This
can progress to blistering and then complete stripping of the skin, termed toxic epidermal necrolysis
(TEN). SJS and TEN are associated with high mortality from sepsis.
Liver enzymes should be monitored, especially
for patients taking nevirapine. For those presenting with a mild rash (i.e., morbilliform or urticarial
eruptions without blisters, absence of mucosal
involvement, temperature less than 40ºC, or no
elevation of liver enzymes), the nevirapine can be
continued.13 Supportive therapy can be given, as
outlined in the next paragraph, while reviewing the
patient on a weekly basis.

Nodules
Papulopruritic Eruptions and Prurigo1,2
Papulopruritic eruptions and prurigo (Plates
7a–7b) are itchy papules and nodules on the extensors of the limbs and the face. They are distressing to the patient, and repeated scratching leads
to hyperpigmented nodules on a background of
lichenification. Scratching and secondary infection may cause postinflammatory depigmentation. See the discussion of papular eruptions under
“Papules” for a complete description.
Therapy
Therapy is aimed at relieving the pruritus:
• Hydration of the skin with emollients (e.g.,
50:50 white soft paraffin and liquid paraffin)
• Topical corticosteroids
•	Oral antihistamines

Scabies
Scabies are itchy papules and nodules involving the
axillae, groin, or trunk with crusting and burrows
of the web spaces of the hands and feet. These may
be secondarily infected with purulent discharge.
Patients presenting with itchy nodules should be
given a therapeutic trial of antiscabies therapy (see
“Papules”).

Cryptococcosis1-4
Cryptococcosis (Plates 8a–8d) presents as nonitchy nodules of the skin and indicates an underlying systemic disease. In patients with advanced
immunosuppression, disseminated, invasive fungal
infection (most commonly, cryptococcosis) should
be excluded because it can result in high mortality in HIV-infected individuals with CD4 counts
less than 100 cells/mm3.18 Cutaneous involvement
occurs in 10%–20% of individuals and usually represents hematogenous dissemination.18 The nodules typically appear on the face and scalp and are
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umbilicated or have central hemorrhagic crusts.
In addition to the nodules, there may be papules,
ulcers, pustules, plaques, and cellulitis. Any of the
skin lesions in an ill patient should be biopsied and
sent for histopathology and culture. The patient
should be assessed for neck stiffness and should
have a lumbar puncture to exclude cryptococcal
meningitis.
Therapy
• Intravenous amphotericin B 1 mg/kg for 14
days followed by oral fluconazole 200 mg two
times daily for 10 weeks, or
• Itraconazole 200 mg two times daily for 10
weeks
Secondary prophylaxis once the lesions are cured
includes the following:
• Fluconazole (200 mg/day) or itraconazole
(200–400 mg/day) until immunity has been
restored (defined as CD4 count greater than
100–150 cells/mm3 for at least six months)19
If patients are on concomitant NNRTI therapy,
itraconazole may reduce therapeutic levels, so fluconazole is preferred.

Histoplasmosis1-4
Histoplasmosis (Plates 9a–9d) is an AIDS-defining,
disseminated fungal infection associated with high
mortality. It occurs with advanced immunosuppression, usually at CD4 counts less than 150 cells/
mm3.18 Diagnosis is difficult because the condition
can masquerade as tuberculosis. Patients are ill,
pyrexial (feverish), have chest infiltrates, lymphadenopathy, hepatosplenomegaly, and hematologic
abnormalities. The skin manifestations can be protean (i.e., papules, nodules, plaques, ulcers) but
have a predilection for the oral and nasal mucosa.
Condition should be suspected in patients who
have not responded to treatment with antibiotics
and antituberculous therapy. Biopsy and culture is
mandatory for diagnosis.
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and Mantoux test

Cryptococcosis: face,
nodules with hemorrhagic
crust, meningitis; do LP
Histoplasmosis: ill patient,
chest infiltrates, mucosal
lesions, hemeanomaly;
do biopsy

Atypical mycobacteria,
subcutaneous nodules

Biopsy and culture all
nonitchy nodules in all
ill patients
CXR = chest X-ray; LP = lumbar puncture; PPE = papulopruritic eruptions

Figure 2. Algorithm for the diagnosis of patients presenting with nodules

Therapy
Administer amphotericin B intravenously at 3 mg/
kg for 14 days. Follow with itraconazole 200 mg
twice daily for 10 weeks, and then give 200 mg
daily for patients in endemic areas or with CD4
counts less than 150 cells/mm3.19

Bacillary Angiomatosis1,2
Bacillary angiomatosis (Plates 10a–10b) is a spirochetal infection caused by Bartonella henselae.

It is a systemic illness that occurs with advanced
immunosuppression (CD4 count less than 100
cells/mm3). The cutaneous lesions are angiomatous
papules and nodules that are friable, exophytic,
and surrounded by a collarette.18 Lesions vary in
number and can present as abscesses and cellulitic
plaques. Systemically infected patients present with
fever, constitutional illness, hepatic and splenic
peliosis, and even endocarditis. Biopsy and culture and blood culture are necessary for diagnosis.
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Culture, however, is difficult and a therapeutic trial
of antibiotic can be used (if diagnosis is in doubt)
to differentiate from Kaposi’s sarcoma.
Therapy
• Erythromycin 500 mg four times daily for 8 to
12 weeks, or
• Doxycycline 100 mg twice daily for 8 to 12 weeks

Erythema Nodosum/
Induratum1-4
Erythema nodosum (Plate 11) is characterized
by painful nodules occurring most commonly on
the shins of the lower limbs. Presence of nodules
should prompt a search for underlying tuberculosis
or disseminated fungal infection, which may cause
ulcerating nodules on the calves (i.e., erythema
induratum).
Management is aimed at searching for underlying causes, especially tuberculosis. A chest radiograph and Mantoux test are warranted. If no
underlying cause is found, treatment with antiinflammatories is recommended.

Atypical Mycobacteria
Infection1
Atypical mycobacteria infection (Plate 12) presents as tender subcutaneous nodules and abscesses
with erythematous, pustular centers. The nodules
and abscesses tend to ulcerate. Infection occurs in
severely immunocompromised patients. A biopsy
and culture is required for diagnosis. Often these
patients have been prescribed antibiotics and
antituberculous therapy without improvement.
Therapy with antibiotics (e.g., minocycline, macrolides) is recommended.

Kaposi’s Sarcoma1
Kaposi’s sarcoma (Plate 13) is a constellation of
violet-colored asymptomatic macules, plaques,
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nodules, and tumors. They may present insidiously, and early lesions may be difficult to diagnose in dark-skinned patients. However, they are
usually symmetrical, have a predilection for the
lower limbs, follow the skin creases on the trunk,
involve the hard palate, and present commonly
with gastrointestinal tract and chest involvement.
It is important to recognize and confirm lesions
on biopsy because they are AIDS-defining and
thus patients are eligible for antiretroviral therapy.
Kaposi’s sarcoma is discussed in more detail elsewhere in this text.

Lymphoma1,2
Patients living with HIV who have generalized
lymphadenopathy and nontender, nonpruritic
nodular lesions that have a tendency to ulcerate should have a biopsy to exclude lymphoma
(Plates 14a–14c).

Mucosal Lesions
Candidiasis1
Candidiasis (Plate 15) is one of the most common mucocutaneous manifestations of HIV infection and is a marker of progression to AIDS.19 In
children under six months, it should be taken
into consideration with other signs of immunodeficiency. In addition, mucocutaneous candidiasis in children can present as diaper and flexural
lesions and paronychia. The spectrum of cutaneous lesions is onychodystrophy, paronychia, urethritis, and intertriginous lesions.18 Disseminated
skin lesions may occur in severely immunosuppressed patients and present as pustules or nodules on an erythematous base with or without central necrosis.18
Among the several types of oral candidiasis, the
most common is the pseudomembranous type,
which presents as painful, whitish plaques of the
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Pseudomembranous
candidiasis: whitish,
painful, adherent, cottage
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erythematous base
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Hyperplastic candidiasis:
whitish-yellowish on
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on tongue, palate,
gingiva
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corrugated, whitish
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tongue, adherent

Painful ulcers
Herpes simplex: shallow,
irregular border, yellowish
base on lips, tongue,
hard palate

Aphthous ulcers: well
defined, deep, whitish base,
erythematous halo on soft
palate, buccal mucosa,
tongue, tonsils

Figure 3. Algorithm for the diagnosis of patients presenting with mucosal lesions
tongue, uvula, and buccal mucosa (resembling cottage cheese). Removal of the plaques with a gauze
or spatula will reveal an underlying erythematous
base. The erythematous type of candidiasis presents as erythematous macular lesions on the dorsum of the tongue, without plaques. Hyperplastic
candidiasis presents as yellowish plaques on the
lateral borders of the tongue, while candidiasis can
also present as angular cheilitis or fissuring at the
angles of the mouth, which is painful. In general,
oral candidiasis is asymptomatic, but patients may
complain of pain, burning, and dysphagia. Pain
on swallowing signals the possibility of esophageal
involvement. Vulval candidiasis presents with
pruritus, burning, and a whitish discharge.18

Attention to xerostomia (dry mouth) is important in all oral conditions; thus, using a fluoride or
chlorhexidine mouthwash is important to ensure
good oral hygiene and to prevent recurrences.
Therapy
Therapy with topical antifungals is recommended
unless there is esophageal involvement or recurrent poor response to topicals.
• Gentian violet 0.5% TDS (although messy) is
effective
•	Oral nystatin suspension (“swish ’n’ swallow”),
lozenges, or troches for 10 to 14 days
• Fluconazole or itraconazole 200 mg daily for
five to seven days
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If there is no response to fluconazole, resistance
should be suspected. In cases of fluconazole resistance, amphotericin B may be effective.12

Oral Hairy Leukoplakia
This is an asymptomatic condition that presents as
white corrugated ridges along the lateral surface of
the mouth. It is caused by the Epstein-Barr virus
and is associated with advanced HIV disease.18
Therapy
Therapy is generally not indicated, but if symptomatic, one of the following can be used:
• Topical podophyllin or tretinoin gel
•	Oral acyclovir 800 mg TDS for 10 days

Aphthous Ulcers
Aphthous ulcers (canker sores) can present in
persons infected with HIV, but their presence
should not be taken as a sign of immunosuppression because the ulcers are common in the general population. Presenting as painful and recurrent, the ulcers can be very difficult to distinguish
from herpes simplex infection. They can be single
or multiple and are well defined with a whitish
base and surrounding erythema. Aphthous ulcers
are usually deeper than herpes simplex ulcers and
typically occur on the soft palate, tongue, buccal
mucosa, and tonsils.
Therapy
Therapy is symptomatic and aimed at keeping the
mouth clean and analgesic to allow the ulcers to
heal. If the ulcers are large and/or persistent, or
if herpes simplex is suspected as a cause, therapy
with acyclovir 400 mg TDS may be given. Other
recommended therapy includes the following:
• Analgesics (e.g., paracetamol or combination
preparations)
• Topical lignocaine (lidocaine) gel
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• Topical antibiotics (e.g., povidone-iodine and
chlorhexidine rinse or antifungals, such as gentian violet)
If the ulcers persist despite antiviral therapy, referral for biopsy to exclude tuberculosis, fungal infections, and cytomegalovirus infection is important.

Papules
Scabies1,2
Scabies (Plate 16a) is an intensely pruritic papular eruption caused by the mite Sarcoptes scabiei.
Infestation is spread by skin-to-skin contact. The
incidence of scabies in HIV-infected individuals
ranges from 2% to 4%.20 Scabies lesions are characterized by pruritic papules and scabetic burrows at the
web spaces, wrists, axilla, and buttocks. Norwegian
(crusted) scabies (Plate 16b) may manifest in patients
with CD4 counts less than 150 cells/mm3.21 Norwegian
scabies presents with crusted plaques on the wrists
and elbows, back, and scalp. The clinical picture may
resemble psoriasis. Similar hyperkeratotic plaques
may be present on the palms and soles. The fingers
and toenails may be involved and may resemble nail
psoriasis or onychomycosis (fungal infection of the
nails). Millions of scabies mites may be present in
the scales and the nails. Scabies in infants and young
children may present with vesicular lesions, with
involvement of the face and the scalp.22
The diagnosis of scabies can be confirmed by
microscopic identification of mites, ova, or feces
from the skin lesions.
Therapy
Various effective treatments are available for scabies; the choice of the scabicide is determined by
cost, availability, and potential toxicity.
•	Oral antihistamines alleviate the pruritus.
• All household contacts should be treated.
• Secondary bacterial infections, if present, should
be treated first with appropriate antibiotics.
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Papulopruritic eruptions
of HIV (urticarial and
prurigo-like lesions may
be seen)

Papular urticaria
(history of insect bites)

Figure 4. Algorithm for the diagnosis of patients presenting with papules

In HIV-infected persons, scabies may be resistant to treatment and require repeated courses of
the scabicide.
Topical scabicides include the following:
• Benzoyl benzoate (25%) lotion should be
applied twice, from neck to toes, after a bath on
the first day. On the second day, two applications are reapplied from neck to toes, but the
patient should not bathe. On the third day, a
bath should be taken and all clothes and bed
linen should be washed and dried in the sun.
• Sulfur (5%) ointment recommended for children under the age of two. Ointment should be
applied daily for five days.
• Permethrin (5%) lotion is applied and left overnight; repeated applications may be required,
usually one week after the initial application.
Permethrin should not be used in infants

younger than two months of age or in pregnant
or nursing women.
• Lindane 1% (gamma benzene hexachloride) is
effective but may cause neurotoxicity. An application of lindane is left on the patient for eight
hours and then washed off. Repeated applications after seven days may be required in some
patients. Lindane should not be used in children, pregnant females, lactating mothers, and
patients with neurological disorders.20
Management of Norwegian (Crusted) Scabies
Pretreatment with keratolytic creams, such as
creams or ointments containing salicylic acid, may
be helpful. The scabicide should be applied on the
scalp and face (avoid the eyes, nose, and mouth).
Patients with crusted scabies should first be treated
with a preparation of 5% sulphur and 5% salicylic
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acid in emulsifying ointment to treat any secondary
infection and debride the lesions. After the lesions
have been debrided (usually 10–14 days), benzyl
benzoate lotion can be used. Oral ivermectin is the
drug of choice for crusted scabies and is administered at 200 µg/kg as a single dose.20

Papulopruritic Eruptions of HIV
Papulopruritic eruptions (Plates 17a–17b) and
eosinophilic folliculitis are distinct clinicopathological entities seen in HIV-infected patients. This
chapter refers to both as papulopruritic eruptions
(PPE) of HIV. Clinically, the patients present with
excoriated widespread pruritic papular lesions.
The papules are symmetrical, involving the limbs,
trunk, face, and neck; the web spaces, mucous
membranes, palms, and soles are spared.23 More
than 50% of HIV-infected patients report PPE as
the first presenting feature of HIV infection.24
Therapy
Sedating oral antihistamines, such as hydroxyzine
or chlorpheniramine, alleviate the pruritus. Potent
topical steroids, such as methyl prednisolone aceponate or dilute betamethasone cream, used alone
or together with oral antibiotics (e.g., metronidazole or tetracyclines) are usually effective. Short
courses of systemic steroids, such as prednisone
given at 70 mg and gradually reduced by 5 to
10 mg over a period of 7 to 14 days, have been
reported to be effective.20 However, systemic steroids should be used with caution in immunosuppressed patients. Phototherapy, if available, is useful for resistant cases.25

Papular Urticaria
Papular urticaria (Plates 18a–18b) presents with
pruritic, excoriated papules, usually on exposed
sites. This exaggerated insect bite reaction may be
indistinguishable from PPE. A history of insect
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bites will favor the diagnosis of papular urticaria.
In addition, the lesions tend to be in groups or in a
linear pattern.
Therapy
• Protective measures against insects (e.g., insect
repellents, bed nets)
• Topical steroids and oral antihistamines
• Systemic steroids in severe recalcitrant cases, but
long-term use of systemic steroids by HIV-infected
patients may result in serious complications.26

Non-Itchy Papules
Human Papillomavirus Infection1,2
Human papillomavirus (HPV) can cause numerous manifestations in the HIV-infected individual
(Plates 19a–19b). These include verruca vulgaris
(common warts), widespread plane warts, and condyloma acuminata. The warts can be single but are
usually multiple, large, and disfiguring in patients
with HIV infection.27
HPV infection has been associated with anogenital cancer. Cervical cancer is the most common malignancy in women in the developing
world and there is a higher incidence of cervical
intraepithelial neoplasia in HIV-infected women.18
Thus, appropriate screening for cervical cancer is
important in HIV-infected patients.
The spread of HPV infection is associated with
higher numbers of sexual partners and lack of condom use; preventive measures should focus on
addressing those issues.28
Therapy
Treatment is usually less effective in HIV-infected
patients, and repeated treatment courses are often
required.18 Several modalities of treatment are
available for warts. Treatments are classified as
either patient or clinician administered.
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Figure 5. Algorithm for the diagnosis of patients presenting with non-itchy papules

Patient-administered treatments include the
following:
• Salicylic acid/lactic acid combination in flexible
collodion (Duofilm). Duofilm provides good
results, particularly in children with extensive
lesions. It is applied daily to the lesions and may
cause irritation.
• Salicylic acid
• Podophyllotoxin gel
• Imiquimod29
• Tretinoin (0.05%) cream (to treat plane warts)
Clinician-administered treatments include the
following:
• Cryotherapy30
• Electrocautery
• Podophyllotoxin solution or resin
• 80% trichloroacetic acid
• Laser
• Surgical debulking of giant warts followed by
topical therapy

Molluscum Contagiosum Infection
Molluscum contagiosum (Plate 20) is a viral infection of the skin or occasionally of the mucous membranes. The typical lesion is a dome-shaped, pearly,
umbilicated papule with a central curdlike core.
In HIV infection, the lesions of molluscum can be
large, multiple, and confluent18 and are often very
difficult to treat. The important differentials to consider in HIV-infected patients include cryptococcus,
histoplasmosis, and penicilliosis.31 Toluidine blue
or Giemsa staining of the white, curdlike material
expressed from the lesions reveals eosinophilic molluscum bodies.
Therapy
Treatment of molluscum contagiosum can be subdivided into physician-administered and patientadministered treatments.
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Physician-administered treatments include the
following:
• Manual extrusion of the molluscum body with
gloved fingers32
• Removal of the molluscum body using an orange
stick
• Curettage
• Cryotherapy
• Electrocautery
Patient-administered treatments include the
following:
• Benzoyl peroxide cream applied daily
• Tretinoin (0.05%) cream applied daily
• Lactic acid or salicylic acid in flexible collodion
(Duofilm). Duofilm provides good results in
children with molluscum contagiosum. It is
applied daily to the lesions. Irritation may occur
in some patients.
• Imiquimod33,34
• Potassium hydroxide (10%) applied twice daily
until either lesions undergo inflammation or
ulceration results in resolution of the lesions.35
• Silver nitrate36
• Duct tape occlusion of the lesions has also been
reported to be helpful.37

Papulonecrotic Tuberculid
Tuberculids are skin eruptions associated with
an underlying or silent form of tuberculosis.
Papulonecrotic tuberculids (PNTs) present with
asymptomatic papular lesions that can become
pustular or necrotic (Plate 21). Lesions tend to
be distributed on the extensors of the limbs. The
face and earlobes may be involved. Typically,
the lesions are recurrent, resolve spontaneously,
and heal with scarring, only to reemerge later
with lesions appearing in crops. Papulopustular
secondary syphilis should be considered if the
presentation is atypical. The condition can be
confused with PPE; however, pruritus is not a predominant feature in PNT. A Mantoux test should
3 12

be done because it is strongly positive in most
patients with PNT. A skin biopsy should be also
done to confirm the diagnosis of PNT. A chest
X-ray is necessary to rule out the presence of pulmonary tuberculosis.
Therapy
The decision to treat is based on the characteristic
skin lesions, a strongly positive Mantoux test, and
histological confirmation of PNT. Chest X-ray is a
noninvasive test that should be done in all patients
with suspected PNT. Using invasive investigations
of other systems to search for the mycobacterium
should not be done routinely; the decision to investigate further should be guided by findings on history and physical examination.
Standard tuberculosis treatment for six to nine
months should result in resolution of the lesions.
Note: Several other dermatoses can present as
papules, and a detailed discussion of them is beyond
the scope of this chapter. When in doubt, a skin
biopsy aids diagnosis.

Blisters
Blisters can present as vesicles or bullae. A vesicle
is a clear, fluid-filled, elevated lesion with a diameter of less than 0.5 cm. A bulla is a clear, fluidfilled lesion with a diameter of more than 0.5 cm.
In HIV infection, vesicles and bullae may be the
presenting cutaneous manifestation of several
pathological processes, as outlined in the following algorithm.

Varicella Zoster Infection1
Varicella zoster viral infections occur frequently in
the setting of HIV infection. The patterns of presentation are usually typical, but atypical presentations can occur in HIV-infected patients. In these
circumstances, diagnosis may be difficult.
Primary infection with the varicella zoster virus
(VZV) presents as chicken pox (varicella; Plate
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Figure 6. Algorithm for the diagnosis of patients presenting with painful blisters

22a). The initial lesions are vesicles associated with
fever. The vesicular eruption begins on the face and
extends to the trunk and extremities. In children
living with HIV, primary zoster infection can be
severe, with internal organ involvement causing
encephalitis, pneumonitis, or pancreatitis.21,31 Other
uncommon presentations of chicken pox in HIV
infection include recurrent varicella (defined as
recurrence of lesions at least one month after a previous episode of chicken pox) and chronic varicella
(lesions that persist for more than one month).38
Reactivation of the latent varicella zoster virus
from the dorsal root ganglia manifests as herpes
zoster (shingles). The lesions present as painful
vesicles and bullae in a dermatomal distribution
(Plate 22b). Reactivations frequently involve the
thoracic or cervical root ganglia and the ophthalmic branch of the trigeminal ganglion.39 Herpes
zoster is common in HIV-infected patients and
may present at any stage of the infection, irrespective of CD4 count.39
HIV-infected patients with herpes zoster involving the ophthalmic branch of the trigeminal nerve,
with or without conjunctivitis, need to be assessed

by an ophthalmologist to exclude ocular involvement.21 Disseminated zoster is defined as lesions
extending over three contiguous dermatomes or
more than 20 lesions outside the initial dermatome
(Plate 22c). Disseminated zoster can occur in a
setting of HIV infection. Visceral dissemination,
though uncommon, needs to be carefully excluded.
Postherpetic neuralgia, defined as zoster pain that
lasts more than one month, can occur as a complication in HIV-infected patients.40
Diagnoses of varicella and zoster are made
clinically, but a Tzanck smear may be useful in
atypical cases.
Zoster can present as part of immune reconstitution in adult and child patients who have been
initiated on antiretroviral therapy.
Therapy
• Acyclovir 800 mg five times a day for seven days
• Calamine lotion
• Treatment of secondary infection with appropriate antibiotics (e.g., topical mupirocin ointment applied twice daily to infected lesions)
• Pain management with analgesics
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Treatment of postherpetic neuralgia:
• Analgesics
• Amitriptyline 25 mg at night
• Neuroleptics, such as carbamazepine and lamotrigine, are useful alternatives to amitriptyline.
HIV-infected patients exposed to varicella
zoster for the first time should receive VZV immunoglobulin within 96 hours of exposure.38,39
The Centers for Disease Control and
Prevention (CDC) recommend VZV (live attenuated Oka strain) as a routine immunization for
HIV-infected children who have no stigmata of
immunosuppression.41

Ulcers
Herpes Simplex Infection1,2
In the early stages of HIV infection, the clinical
presentation of herpes simplex virus (HSV) infection is similar to that seen in immunocompetent
patients and is characterized by recurrent painful
ulcers involving the genitalia and the perioral and
perianal regions (Plates 23a–23b). Ulcers typically
present as groups of vesicles that erode and heal in
about two weeks.
In advanced HIV disease, the ulcers can be
larger; disseminated disease is rare. Herpetic ulcers
that fail to heal for longer than one month are a
marker of severe immunosuppression and are
considered by the CDC to be an AIDS-defining
condition. It is therefore important to differentiate
between these chronic herpetic ulcers and recurrent HSV infection.21,31,42 A Tzanck smear may be
helpful to confirm the diagnosis of HSV.
Therapy
• Primary infection is treated with acyclovir 200
mg five times a day or 400 mg three times a day
for 10 days.
• Treatment of recurrent episodes is acyclovir at a
similar dosage but for 5 days.
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• Valacyclovir and famciclovir can also be used
when available.
• Suppressive therapy should be administered
when recurrences are frequent, usually with
acyclovir 400 mg twice daily.
• If lesions do not respond to acyclovir, consider
using higher doses. If acyclovir resistance is suspected, intravenous foscarnet can be used.
• For alternative diagnoses, a skin biopsy for routine histology and bacterial, fungal, and mycobacterial cultures are helpful.

Cutaneous Bacterial Infection
Staphylococcus aureus1,2
S. aureus skin infections are significantly more
common in the HIV-infected patient than in the
immunocompetent patient. HIV-infected individuals do not have significantly different presentations, yet they tend to have more severe recurrent
and atypical infections. Higher rates of chronic
nasal staphylococcal carriage seen in HIV-infected
patients account for the increased frequency of
staphylococcal infections.43
Staphylococcal infections can present as cellulitis, furuncles (Plate 24a), ecthyma (Plate 24b),
persistent and recurrent folliculitis, and impetigo.
A case of staphylococcal scalded-skin syndrome in
a child with AIDS has also been reported.44
Unusual infections, such as botryomycosis, can
also be the presenting feature in HIV infection.18
Botryomycosis is a chronic granulomatous staphylococcal infection that presents with subcutaneous
nodules, plaques, ulcers, and fistulae with purulent
exudates.
Therapy
A pus swab should be sent for microscopy (Gram
stain), culture, and sensitivities.
The following can be used as first-line empirical
treatment:
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Figure 7. Algorithm for the diagnosis of patients presenting with ulcers

• Semisynthetic penicillins (such as cloxacillin or
cephalosporins)
• In patients with methicillin-resistant S. aureus or
patients who have penicillin allergy, oral erythromycin, clindamycin, and trimethoprim/sulfamethoxazole are useful alternatives.
• If the patient is clinically well, oral antibiotics
are usually sufficient. However, if the patient is
clinically toxic, intravenous antibiotics must be
administered.
• The duration of treatment should be longer
than normal.
• Nasal mupirocin applied three to five times
a day to the nares (nostrils) should be considered in patients with recurrent staph
infections.21

requires intravenous antibiotics to prevent septicemia and meningitis.

Gram-Negative Bacterial Infections
Gram-negative infections in HIV-infected patients
can be problematic. Pseudomonas bacteremia can
produce cutaneous manifestations such as ecthyma
gangrenosum and otitis externa.22 A severe periorbital Gram-negative infection in a child with
AIDS has been reported.22 This form of infection

Immune Reconstitution Inflammatory Syndrome
Immune reconstitution inflammatory syndrome
(IRIS) is a pathologic inflammatory response to
preexisting microbial, host, or other antigens that
result in clinical deterioration in HIV-infected individuals after initiating ART. The following criteria
for the diagnosis of IRIS have been proposed45-47:

Cutaneous Manifestations
Associated with
Antiretroviral Therapy
Antiretroviral therapy (ART) improves the quality
of life and life expectancy of HIV-infected individuals by suppressing viral replication and allowing an
increase in CD4 count (i.e., immune reconstitution).
Health-care providers should be on the lookout for
various skin conditions that may present as a result
of patient initiation on ART. Although most of these
conditions are not serious, they should be promptly
diagnosed and treated to ensure the patient’s comfort and continued adherence to ART.

opportunistic infections, cancers, and coinfections
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A patient must
• be HIV-positive and receiving ART;
• have a decreasing viral load with or without an
increase in CD4 count from baseline; and
• have clinical symptoms consistent with an
inflammatory process in which the clinical course is not consistent with the expected
course of a previously diagnosed opportunistic
infection, expected course of newly diagnosed
opportunistic infection, or drug toxicity.
The cutaneous manifestations of IRIS usually
respond to appropriate conventional therapies.
Clinicians should be familiar with the range of skin
conditions associated with IRIS to avoid incorrectly diagnosing patients as having adverse cutaneous drug reactions to ART (which could lead to
unnecessary discontinuation of ART). The specific
features of IRIS are discussed elsewhere in this
text (see chapter entitled “Immune Reconstitution
Inflammatory Syndrome”).

Nucleoside Reverse
Transcriptase Inhibitors48
Zidovudine
Zidovudine (AZT) was one of the first antiviral
agents used in the management of HIV infection.
The cutaneous side effects are well documented
and relate mainly to nail and mucosal hyperpigmentation. Pigmentation of the nail usually
starts proximally and may manifest as complete
nail pigmentation or as transverse or longitudinal
bands. Pigmentation may occur on select nails or
may be universal. Pigmentation also varies from
blue to gray to brown, and onset is usually within
one month of initiation on AZT. Discontinuation
or dose reduction will result in gradual fading.
Hypertrichosis (excessive growth) of body hair
and eyelashes have been reported. Rare cutaneous side effects include vasculitis, exaggerated
response to mosquito bites, hypersensitivity reaction, and paronychia.
3 16

Didanosine
Cutaneous side effects to didanosine (ddI) are
uncommon. However, vasculitis and SJS have been
reported. Discontinuation of ddI leads to prompt
resolution and is especially important if a severe
allergic drug reaction is suspected.

Non-nucleoside Reverse
Transcriptase Inhibitors
Lamivudine
Lamivudine (3TC) is a relatively safe drug with few
adverse cutaneous reactions. However, there have
been reports of paronychia, pyogenic granuloma,
alopecia, and allergic contact dermatitis caused by
prolonged contact with the 3TC tablets. These are
rare occurrences and do not necessitate discontinuation of the drug.
Zalcitabine
Ulcers of the esophagus and buccal mucosa are
the most common cutaneous manifestations
associated with the use of zalcitabine. Ulcers are
self-limiting and resolve within a week. A transient maculopapular eruption occurs in approximately 2% of individuals, also resolving within a
week. Hypersensitivity, known as DRESS (drug
rash, eosinophilia, and systemic symptoms with
fever and multiorgan involvement), has also been
reported in isolated cases and develops within two
to six weeks of therapy initiation.
Abacavir
Abacavir (ABC) is notorious for causing a fatal
hypersensitivity syndrome that presents with fever,
exfoliation, hepatitis, and eosinophilia. As soon
as hypersensitivity is suspected, ABC should be
discontinued, and patients should not be rechallenged; several deaths have occurred among
patients rechallenged with ABC.
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lipodystrophy (LDS). Symmetrical loss of subcutaneous fat is the primary characteristic of LDS and
may occur in three forms: congenital total, partial
(affecting the face and lower body), and acquired
total. LDS typically occurs 2 to 12 months after initiation of therapy.
Central adiposity is often associated with LDS
and occurs in 6% to 64%48 of individuals with onset 6
to 12 months after initiating treatment with PIs, but
onset may be more rapid in those taking saquinavir
or ritonavir. Besides central adiposity (“crix belly”
or “protease paunch”), supraclavicular deposition
and buffalo hump can occur. In addition hypertriglyceridemia, hypercholesterolemia, hyperglycemia,
and insulin resistance have been reported.
LDS syndromes have also been reported in those
on non-PI regimens and may be related to immune
restoration and HIV suppression; however, the
exact mechanism is still unknown. Therapy for
LDS includes surgical removal, liposuction, ketoconazole, and growth hormone. Nucleoside reverse
transcriptase inhibitors, especially stavudine, have
also been implicated in lipoatrophy.
Drug reactions also occur and commonly manifest as maculopapular eruptions and urticaria.
Uncommonly, acute generalized exanthematous
pustulosis (AGEP) can occur and presents with
high fever, erythroderma, pustules, and a morbilliform eruption. AGEP should resolve without specific therapy after treatment discontinuation.

Efavirenz
Cutaneous adverse reactions to efavirenz (EFZ) are
uncommon, but patients who have reacted to NVP
also have an increased risk of cutaneous drug reactions to EFZ.

Indinavir
Indinavir has been implicated in a multitude of
cutaneous reactions. Most commonly reported
are alopecia, xerosis, lip fissuring, and paronychia.
These changes are related to alterations in retinoid
metabolism. Hair loss is similar to alopecia areata
and occurs in the first six months of therapy. Other
reactions include acute porphyria, hypersensitivity syndrome, SJS, and gynecomastia (male breast
development).

Protease Inhibitors
Protease inhibitors (PIs) are potent agents that
suppress viral load and aid in CD4 restoration.
The most common cutaneous adverse reaction is
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Nevirapine
The most notorious toxicities of nevirapine (NVP)
are rash and hepatitis. Nevirapine-induced rash usually presents within four to six weeks of initiation as
a morbilliform eruption and urticaria. The incidence
of these reactions varies from 9% to 32%.48 However,
in the absence of blisters, erythroderma, mucosal
involvement, and hepatitis, therapy can be continued and the reaction treated symptomatically with
antihistamines and corticosteroids. The proportion
of patients requiring discontinuation is 6%–7%.14
SJS and TEN occur in approximately 1% of treated
patients and require prompt recognition and permanent discontinuation of the drug.14 In these patients,
reintroduction is contraindicated. The NVP lead-in
period of 100 mg daily for the first two weeks and
escalation to 200 mg daily thereafter aims to decrease
the incidence of rash. Those at higher risk of developing NVP rash and hepatitis are females with CD4
counts greater than 250 cells/mm3 (or males with
CD4 counts greater than 400 cells/mm3) and individuals with low body mass indexes. In nonpregnant
females who have high CD4 counts and use reliable contraception, efavirenz is recommended as an
alternative to NVP. NVP has also been implicated
in the DRESS syndrome, with a 10% mortality rate
from liver failure. Thus, close monitoring of patients
on NVP is essential in the first eight weeks after initiation. A patient who develops a rash should always
be assessed for hepatotoxicity.

Ritonavir
In addition to drug eruptions and hypersensitivity
reactions, spontaneous bleeding is peculiar to ritonavir therapy. Increased bleeding in hemophiliacs
has been reported with all PIs.
Nelfinavir
Nelfinavir is prescribed for children more frequently than for adults. Cutaneous side effects
include maculopapular eruption and urticaria,
which usually manifest 5 to 10 days after therapy
initiation.

Conclusion
Skin disease affects approximately 90% of individuals living with HIV.1,3,4 As immunity declines
with advancing HIV infection, dermatoses become
more prominent and several conditions can coexist.
A thorough working knowledge of skin conditions
is essential for practitioners working to effectively
treat people living with HIV, thereby enhancing
their quality of life.

Saquinavir
Saquinavir is not commonly prescribed and plays
a limited role in multidrug therapy. It has been
reported to cause fixed drug eruptions (adverse
drug reactions that recur at the same site with each
administration) and gynecomastia.
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Plate 1a. A case of seborrheic eczema showing
weepy eczematous lesions involving the axilla

Plate 1c. A child with seborrheic eczema
showing greasy and yellow scales in the scalp;
erythematous eczematous lesions are also
present on the forehead

Plate 1b. Erythematous eczematous lesions in
the axilla of a child with seborrheic eczema

Plate 1d. A case of seborrheic dermatitis showing
involvement of the napkin area

opportunistic infections, cancers, and coinfections
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Color Plates: Cutaneous Manifestations of HIV

Plate 2a. A case of psoriasis demonstrating welldefined plaques with silvery white scaling

Plate 2b. Salmon pink plaques with silvery white
scale on the dorsa of the hands in a patient with
psoriasis

Plate 2c. Widespread plaques with silvery white
scaling involving the back and buttocks in an
HIV-positive patient with psoriasis
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Plate 3a. A cases of photodermatitis showing
chronic eczematous plaques with areas of
depigmentation on the scalp and posterior neck

Plate 3b. A case of photodermatitis showing
chronic eczematous plaques with depigmented
areas on the extensor aspect of the upper limb
in a patient

Plate 4b. A case of tinea pedis showing scaling
on the plantar aspect of the foot
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Plate 4a. A case of tinea corporis demonstrating
annular plaques that clear centrally with an
active erythematous border

Plate 5a. A case of drug eruption demonstrating
erythematous petaloid lesions involving the back

Plate 5b. A case of erythema multiforme (EM).
The individual typical lesions demonstrate the
characteristic zones of EM; a central blister
surrounded by a dusky erythematous zone and a
pale erythematous margin. Some of the blisters
have erupted leaving behind denuded skin
areas, and the skin is re-epithelializing in other
areas.
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Plate 6a. A case of secondary syphilis
demonstrating an annular plaque involving the
upper limb

Plate 6b. Papulosquamous lesions on the thigh
of a patient with secondary syphilis
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Plate 6e. Erythematous plaques on the foot of a
patient with secondary syphilis

Plate 6d. A case of secondary syphilis
demonstrating erythematous and
hyperpigmented papules on the palms of patient
with secondary syphilis

Plate 7a. A case of prurigo showing
hyperpigmented nodules on a lichenified
background involving the posterior neck and
upper back
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323

opportunistic infections,
cancers, and coinfections

Plate 6c. Annular plaques involving the “muzzle”
area of the face and split papules on the angles
of the mouth in patient with secondary syphilis

Plate 7b. A case of prurigo showing pruritic
nodules on a background of lichenification
involving the extensor aspect of the upper limb;
the central area of the nodules is hypopigmented
as a result of scratching the lesions

Plate 8a. A case of cryptococcosis showing a
large nodule on the angle of the mouth and an
ulcerated nodule on lower jaw area

Plate 8b. Ulcerative lesions in a patient with
cryptococcosis
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Plate 8c. A case of cryptococcosis demonstrating
multiple umbilicated papules and nodules
involving the face; some of the lesions are
hemorrhagic

Plate 8d. Ulcerated nodules in a patient with
cryptococcosis

Plate 9a. A case of histoplasmosis showing gross
swelling of the lips with hemorrhagic crusting
and ulceration; there are crusted plaques
involving the face

opportunistic infections, cancers, and coinfections
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Plate 9b. A case of histoplasmosis demonstrating
crusted plaques involving the forearms

Plate 9c. A case of histoplasmosis demonstrating
an admixture of papules and plaques involving
the lower limbs

Plate 10a. A case of bacillary angiomatosis
showing angiomatous nodules involving the
posterior arm and upper back; angiomatous
nodule in the center of the photograph is
ulcerated

Plate 10b. A case of bacillary angiomatosis
showing an angiomatous nodule

Plate 9d. Plaques and papules involving the
upper limb in a patient with histoplasmosis
326
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Plate 12. A case of an atypical mycobacterial
infection showing crusted plaques involving the
upper limb
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Plate 11. A blistering strongly positive Mantoux
test in a patient who had erythema nodosum

Plate 14a. A case of lymphoma showing
erythematous crusted plaques involving the
upper limb

Plate 14b. A case of lymphoma showing plaques
on the upper limb; there is an ulcerated crusted
plaque on the lateral aspect of the forearm

Plate 13. A case of Kaposi’s sarcoma showing a
violaceous plaque and a nodule
opportunistic infections, cancers, and coinfections
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Plate 14c. Multiple nodules in a patient with
lymphoma; the underlying skin is indurated and
edematous giving a peau de orange appearance

Plate 16a. A case of scabies showing pruritic
papules and scabetic burrows involving the toe
web spaces

Plate 16b. A case of Norwegian (crusted) scabies
demonstrating crusted plaques on the wrist and
dorsa of hand; note the involvement of the web
space

Plate 15. Whitish plaques on the tongue of a
patient with oral candidiasis
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Plate 17a. Erythematous pruritic papules
involving the face, with ear lobe involvement in a
patient with papulopruritic eruption of HIV

Plate 17b. A case of papulopruritic eruption
demonstrating erythematous papules involving
the face

opportunistic infections, cancers, and coinfections
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Plate 19a. Multiple filiform warts involving the
genital area in an immunocompromised child

Plate 18a. A case of papular urticaria
demonstrating excoriated erythematous papules
predominantly involving the upper limbs

Plate 18b. A child with papular urticaria showing
erythematous pruritic papules on the forearm
(exposed site); a linear distribution of the
lesions is apparent
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Plate 19b. A case of extensive plane warts
showing multiple plane topped hypopigmented
papules involving the chest, abdomen, and
upper limbs
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Plate 20. Dome-shaped, pearly, umbilicated
papules involving the neck and anterior chest
in a child with molluscum contagiosum; larger
(giant) molluscum lesions are also present

Plate 22a. Vesicular lesions on an erythematous
background involving the shoulder region in a
patient with varicella zoster (chicken pox)

Plate 21. A case of papulonecrotic tuberculid
showing papular lesions with necrotic centers
involving an upper limb extensor

Plate 22b. A case of herpes zoster showing
grouped vesicles and bullae in a dermatomal
distribution

opportunistic infections, cancers, and coinfections
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Plate 22c. Involvement of more than one
dermatome in an immunocompromised
patient with multidermatomal herpes zoster;
erythematous vesicles, crusts, and erosions
involving the V3, C3, and C4 dermatomes are
shown

Plate 23a. A case of genital herpes
demonstrating multiple punched-out ulcers
involving both labia

Plate 23b. A large painful ulcer with an
erythematous base involving the angle of the
mouth in an immunocompromised child with
chronic herpes
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Plate 24a. A case of furunculosis, some of the
furuncles have coalesced to form carbuncles

Plate 24b. A case of ecthyma from a
staphylococcal infection showing crusted
ulcerative lesions involving the leg; the lesions
tend to heal with scarring
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epatitis B virus (HBV) infection
poses a significant global public health threat,
especially in vulnerable populations, such as
people living with HIV infection. Approximately two
billion people worldwide have serological evidence
of HBV infection, and more than 350 million have
chronic infection, defined as detection of hepatitis B
surface antigen (HBsAg) for more than six months
following acute infection1 (Figure 1). In China, home
to 75% of the world’s chronic HBsAg carriers, chronic
infection with HBV is the leading cause of both cirrhosis and hepatocellular carcinoma (HCC).2
Transmission of HBV occurs through percutaneous and mucosal exposure (usually sexual) to blood
or body fluids contaminated with blood.3 HBV is
present in most bodily fluids, including blood,
semen, and saliva.3 Studies have demonstrated that
HBV is infectious via both semen and saliva,4 and
that HBV DNA is present in urine as well.5

Epidemiology of HBV
The epidemiology and natural history of HBV infection vary significantly by world region. The United
States and Western Europe typically have lower prevalence rates, estimated at 5% to 7% with serological
evidence of prior exposure6 and less than 1% with
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chronic infection.7 In areas with low hepatitis B prevalence rates, such as the United States, sexual transmission accounts for the majority of disease with
onset of disease usually in adolescence and young
adulthood.7 In parts of Asia and sub-Saharan Africa,
where hepatitis B is endemic, exposure and acquisition typically occur perinatally or in very early childhood7; more than 70% of people in these regions have
antibody markers indicative of prior infection.6
Areas of moderate HBV prevalence include
Eastern Europe, parts of the Middle East, northern Africa, and parts of South America.8 In these
regions, the prevalence of chronic HBV infection
ranges from 2% to 7%, with evidence of prior exposure in up to 60%.6 Risk and infection routes vary
by subpopulation—infection may spread through
perinatal or early childhood exposure, injection
drug use, or sexual transmission.6
In East Asia, perinatal transmission is common.9 In China, it has been estimated that 35% to
50% of chronic hepatitis B infection is due to perinatal transmission.10 In contrast, infection in subSaharan Africa is attributable mainly to horizontal
early childhood transmission, occurring before
the age of five. Exposure is thought to be mediated
by medical procedures, close household contact,
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High 8%
Intermediate 2%–7%
Low 2%

Figure 1. Global distribution of chronic hepatitis B
Reprinted with permission from Elsevier Limited.
Source: Doo E, Liang J. Molecular anatomy and pathophysiologic implications of a drug resistance in hepatitis B virus infection. Gastroenterology.
2001;120(4):9.

traditional scarification, and other unidentified
mechanisms.6,11‑13 Hepatitis B e antigen (HBeAg)
prevalence is low in these regions, raising the speculation of a lower risk of vertical transmission.14
For example, in Zimbabwe, HBeAg was present in
5% to 15% of HBsAg-positive carriers.14

be higher in HIV-positive populations.23-24 The reasons for these differences are unclear but may be
related to other shared risk factors (such as injection drug use in the Chinese study).

Global Epidemiology of HIV
and HBV Coinfection

The risk of chronic HBV infection is highest with
earlier age of infection.25 Chronic HBV infection
occurs in 90% of infants with perinatal infection,25
30% of children who are exposed to HBV before the
age of five,26 and 2% of immunocompetent adults.25
The natural history of chronic HBV infection
can be divided into five phases: immune tolerance,
HBeAg-positive chronic hepatitis B, the inactive
HBsAg carrier state, HBeAg-negative chronic hepatitis B, and recovery (Table 1).27 An interpretation
of serologic markers is provided in Table 2. These
stages are based on immune status, HBV DNA levels, presence of HBeAg, and alanine aminotransferase (ALT) levels.28-29

HIV-HBV coinfection is common because of
shared routes of transmission; both are spread
through parenteral and sexual contact. In North
America and Europe, prevalence of chronic HBV
infection is higher in HIV-positive populations
than among those who are HIV-negative, with rates
ranging from 4% to 10%.15-17 In Africa and Asia,
however, most studies suggest that the prevalence
of chronic HBV infection does not differ between
HIV-positive and negative populations.18-22
Notable exceptions come from data in China
and Nigeria, where HBV infection was found to
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Natural History of HBV
Infection
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Phase

ALT

Liver Histology

HBV DNA

HBeAg

HBsAg

Immune
tolerance

Normal or
minimally
elevated

Minimal activity,
scant fibrosis

High levels
(108 to 1011 copies/mL)

Present

Present

HBeAg +ve
chronic
hepatitis B

Elevated,
usually
persistently

Active with variable
amounts of fibrosis

High levels
(106 to 1010 copies/mL)

Present

Present

HBeAg –ve
chronic
hepatitis B

Elevated,
often
fluctuating

Active with variable
amounts of fibrosis

Moderate levels,
often fluctuating
(103 to 108 copies/mL)

Absent

Present

Inactive
carrier state

Normal

Inactive with variable, usually minimal
amounts of fibrosis

Low or no detectable
levels (<104 copies /mL)

Absent

Present

Recovery

Normal

Inactive with scant
amounts of fibrosis

No detectable levels in
serum (low levels may
be present in liver)

Absent

Absent
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Table 1. Phases in the Natural History of Chronic Hepatitis B

Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen;
HBsAg, hepatitis B surface antigen
Reprinted with permission from Wiley-Liss Inc., a subsidiary of John Wiley and Sons Inc.
Source: Hoofnagle et al.27

The immune tolerance phase, which predominates through early adulthood in perinatally acquired disease, is marked by the presence
of HBeAg, high levels of HBV DNA, normal ALT
levels, and little histological activity on biopsy.29-30
During HBeAg-positive chronic hepatitis B, fluctuating ALT levels (or flares) are common and
are thought to represent the immune-mediated
destruction of infected hepatocytes. Progression
to cirrhosis and HCC are thought to be related to
the frequency and severity of flares as well as the
duration of the immune clearance phase.31-32 In
the majority of patients, chronic HBeAg-positive
disease transitions to the inactive carrier state,33
characterized by seroconversion to hepatitis B e
antibody (anti-HBe), persistent HBsAg, and low or
undetectable serum HBV DNA.34-36 Seroconversion
in those with elevated ALT levels occurs at a rate
of 8% to 12% per year.31,34-35,37-38 Reactivation of the

inactive carrier state can also occur spontaneously
or through immune suppression.33,39-40
In up to one-third of patients, chronic HBeAgpositive disease transitions to chronic HBeAgnegative disease.41 In this variant form of disease,
mutations in the core promoter and precore
domains result in diminished or absent HBeAg
production, but HBV DNA levels remain high and
ALT levels fluctuate.42 Individuals with HBeAgnegative disease have higher relapse rates after
treatment cessation, and rates of sustained treatment response are poor.43-45
Occult HBV infection, an additional stage and
one that may overlap with the recovery stage,46 is
defined as low-level HBV DNA in the absence of
detectable HBsAg.47-48 With occult HBV infection,
anti-HBc (IgG) may be the only marker present.
The isolated anti-HBc may represent a false-positive antibody result, a “window” phase of acute
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Table 2. Serologic Markers for Hepatitis B
HBV DNA

HBeAg

HBsAg

Anti-HBs

Anti-HBc

Anti-HBea

Acute infection

Present

Present

Present

Absent

Present as IgM

Absent

Past infection and
clearance

Absent

Absent

Absent

Usually
present

Present

Either

Prior vaccination

Absent

Absent

Absent

Present

Absent

Absent

Chronic infectiona

Present

Present,
or absent

Present

Absent

Present

Absent,
present

Carrier

Present,
or absent

Absent

Present

Absent

Present

Present

Candidate for
vaccination

Absent

Absent

Absent

Absent

Absent

Absent

Occult infection

Present

Absent

Absent

Usually
absent

Usually present,
but IgM-negative

Absent

Chronic infection with HBeAg (+) and anti-HBe (−) is the pattern with wild-type virus, whereas HBeAg (−) and anti-HBe (+) is
the pattern with precore or basal core promoter virus.
a

Abbreviations: HBV = hepatitis B virus; HBeAg = hepatitis B e antigen; HBsAg = hepatitis B surface antigen;
anti-HBs = antibody against HBV surface antigen; anti-HBc = antibody against HBV core antigen;
anti-HBe = antibody against HBV e antigen; IgM = immunoglobulin M.
Source: Centers for Disease Control and Prevention (CDC). CDC Health Information for International Travel 2008. Atlanta, Georgia: CDC; 2008.

infection (if IgM antibody positive), recovery from
acute hepatitis B but without the development
of or loss of anti-HBs, or true occult infection.49
Occult HBV has been associated with HBV reactivation,50 diminished treatment response to interferon in HCV-coinfected individuals (according to
some publications),51-53 and development of HCC.54-56
Occult HBV infection has also been associated with
HBV transmission through blood donation47,57 and
liver transplantation.58

Impact of HIV on the Natural History of
HBV Infection
HIV modifies HBV disease in many ways. Most
importantly, HIV infection results in an increased
incidence of death and cirrhosis in those with hepatitis B infection. HIV infection also results in an
increased risk of developing chronic hepatitis B,
340

increased levels of HBV DNA, a higher proportion
of HBeAg positivity, a lower likelihood of seroconversion to anti-HBe and antibody to HBsAg
(anti-HBs), and a higher prevalence of occult HBV
in some, but not all, studies. Notably, ALT levels
are not always elevated with chronic hepatitis B,
despite progression to cirrhosis.
In those with chronic hepatitis B, coinfection
with HIV results in an increased rate of progression to death, cirrhosis, and HCC. An analysis of
the U.S. Multicenter AIDS Cohort Study found
that liver-related mortality was approximately 14
times higher with HBV/HIV coinfection than with
either HBV monoinfection or HIV monoinfection.17 In HIV-positive individuals, progression of
acute to chronic HBV infection occurs at a rate five
times higher than in HIV-negative individuals.59
In another French study, HCC was the cause of
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without HBV DNA.79 These patients experienced
hepatic flares upon immune reconstitution with
lamivudine-containing ART. In contrast, French
investigators have reported prospective follow-up
of HIV-positive patients with anti-HBc alone that
included four occult infections with no evidence of
liver enzyme elevations.80 In summary, occult HBV
is prevalent in HIV infection and, in those without
HIV disease, has been implicated in several types
of adverse clinical outcomes, but its long-term
clinical relevance deserves further study.
Finally, ALT levels are often not significantly
elevated in HBV/HIV coinfection. One pre-ART
analysis in HIV-positive patients concluded that
although HIV-positive patients were more likely to
be HBeAg-positive and HBV DNA-positive than
those without HIV, liver enzyme elevations were
significantly less elevated in those with HIV infection.59 Furthermore, ALT was positively correlated
with CD4 count in this study, suggesting that liver
inflammation is dependent on immune function
preservation even within the setting of HIV.
ART-Associated Hepatotoxicity
Another effect of HBV on HIV is the increased risk
of hepatotoxicity during treatment with antiretroviral therapy. Nearly 10% of subjects initiating
ART will experience significant aminotransferase
flares.81 Coinfection with HBV increases the risk of
hepatotoxicity after initiation of ART.82-84 A study
in Thailand in which nearly 8% of the 692 HIVpositive patients were HBV coinfected found that
the incidence of severe hepatotoxicity for those
with HBV was 15.3/1,000 person-years—greater
than twice the overall incidence. HBV was a significant predictor of hepatotoxicity with an adjusted
relative risk of 3.2.85
The mechanisms underlying hepatotoxicity
remain unclear. ART-associated hepatotoxicity
may be mediated through mitochondrial toxicity,86
hypersensitivity reactions (such as with nevirapine
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liver-related death in 50% of HIV/HBV-coinfected
individuals, a proportion higher than in HIV/HCV
coinfection or HIV disease alone.60
In the era prior to antiretroviral therapy (ART),
having HIV increased the risk of both contracting
HBV61-64 and becoming a chronic HBsAg carrier,59
although chronic carrier likelihood may differ in
areas of high versus low HBV prevalence.64 In addition, studies from the United States and Europe
demonstrated that HBV viremia was higher in
those with HIV coinfection and that the loss of
HBeAg occurred at a slower rate.61,65-67
Similar results were seen in Africa. In Côte
D’Ivoire, HIV/HBV-coinfected pregnant women
were more likely to have HBV viremia (27%) than
those with HBV infection alone (9%).19 In Zambia,
HBeAg was more prevalent during HIV infection.68
As the presence of HBeAg and elevated HBV DNA
levels are associated with an increased risk of HBV
transmission, these results may indicate that HIVand-HBV-coinfected individuals may be at higher
risk for HBV transmission.
Occult HBV infection, defined as either the
prevalence of anti-HBc alone or HBV DNA in
the absence of HBsAg, is greater in HIV-positive
individuals than in those who are HIV-negative.69‑72
Prevalence estimates in several HIV-positive
cohorts vary widely, ranging from 0% to 54%.69,73-77
These differences are likely related to the sensitivity of the assays. Paradoxically, a study from South
Africa reported a higher prevalence of the “antiHBc alone” marker pattern in HIV-negative versus
HIV-positive patients.78
The clinical relevance of occult HBV in HIV
disease has yet to be determined. In the Swiss
HIV cohort, Hofer et al. detected elevated liver
enzymes in pre-ART patients with occult HBV
infection regardless of HCV serostatus.69 Another
recent prospective study detected a significantly
higher rate of liver enzyme elevations in HIVpositive patients with occult HBV than in those

and abacavir),87 direct liver injury from antiretroviral agents,88 or HBV immune reconstitution.89
Additionally, the concomitant administration of
other hepatotoxic medications, such as antituberculous agents, may also play a role.90
In HIV disease, the immune reconstitution syndrome occurs when ART-induced immune recovery results in immune activity against antigens from
resolved or ongoing infection.91 HBV-associated
immune reconstitution has been reported92-93 and
has been associated with clearance of both HBeAg
and HBsAg.94-96 Importantly, immune reconstitution hepatitis has been reported even during lamivudine therapy.89
Finally, the concomitant administration of
other hepatotoxic drugs with ART, such as antituberculous therapy, has special implications for
areas endemic for HIV, HBV, and TB. In one South
African study, HBV infection increased the risk of
hepatotoxicity in those receiving antituberculous
therapy and ART.90
Other Causes of Aminotransferase Elevation in
HIV/HBV Coinfection
When evaluating the HIV/HBV-coinfected patient
with elevated aminotransaminases, other important
etiologies should also be considered. The differential diagnosis includes the hepatic flares associated
with the natural immune clearance of hepatitis B;
rebound viremia from either the inadvertent withdrawal of anti-HBV therapy or HBV resistance; and
other etiologies such as alcohol abuse, coinfection
with other hepatitis viruses (A, C, D, or E), and other
opportunistic infections and malignancies.97

HBV Pathogenesis and Genetic
Variants
The hepatitis B virus is a small, 3,200 kilobases (kb),
hepatotropic DNA virus. The partially doublestranded circular DNA encodes four overlapping
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open reading frames: S for the surface gene, C for
the core gene, P for the polymerase gene, and X for
the X gene.98 The S gene encodes the viral envelope. The core gene produces the e antigen protein
(HBeAg).27 The HBV virus enters liver cells (hepatocytes) and, after entry, is transported to the cell
nucleus, establishing a persistent reservoir as covalently closed circular DNA (cccDNA) in the host
hepatocyte.27 This cccDNA then acts as the stable
template for viral protein translation and reverse
transcription into genomic DNA (see Figure 2).27
Hepatitis B-associated liver injury is immune
mediated; the hepatitis B virus is itself noncytopathic.99 The pathogenesis of liver damage is
related to B and T cell immune response to peptide
antigens, production of cytopathic and noncytopathic cytokines, and the recruitment of nonspecific effector leukocytes.100-104

Hepatitis B Genotypes
There are eight HBV genotypes (A–H), with
a divergence of greater than 8% in the entire
genomic sequence.105 The eight genotypes have a
geographical distribution: A is prevalent in northwestern Europe, North America, and Africa; B
and C are endemic in Asia106; D predominates in
the Mediterranean but has a worldwide distribution; E is found in West Africa; F is found in the
aboriginal populations in South America107; and
G has been found only in France and the United
States.108 In South Africa, HBV genotypes A and D
can be further divided into subgenotypes A1 and
A2109-111 and D1–D3.112
Genotypes are predictive of natural history
progression. Genotypes B, C, and D are associated with the development of core and precore
promoter mutations. Studies from Japan, Taiwan,
and China indicate that genotype C, when compared with genotype B, is associated with more
severe liver disease.113-114 In India, where genotypes
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HBV enters the hepatocyte mediated
by receptor binding, followed by
internalization, uncoating of virion
DNA and delivery to the nucleus. The
virion DNA is repaired and converted
to circular covalently closed (ccc) HBV
DNA from which HBV RNA is transcribed
in several forms for translation
(HBcAG, HBsAG, and polymerase [pol])
and for viral replication through
encapsidation of the RNA pregenome
pg (RNA) mediated by the encapsidation signal (). Within core particles,
negative followed by positive strand
viral DNA is synthesized directly by the
HBV polymerase while pregenome
RNA is degraded by the polymerase
RNase H activity. The core particle with
double-stranded HBV DNA is transferred
to the endoplasmic reticulum (ER)
where it is coated with glycosylated
and myristoylated HBsAg producing
intact virions that exit the cell by
budding and vesicular transport.
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Figure 2. Hepatitis B life cycle
Reprinted with permission from Elsevier Limited from Doo E, Liang J, Molecular anatomy and pathophysiologic implications of a drug resistance in
hepatitis B virus infection, Gastroenterology. 2001;120(4):9.

A and D are common, genotype D was associated
with more severe liver disease.115 The relationship
with HCC is more intriguing; a study from Taiwan
examined 270 HBsAg carriers and found that
HBV genotype B was associated with the development of HCC in younger patients.113 In Japanese
and Chinese studies, however, genotype B was not
associated with HCC in younger patients.114,116 In
South Africa, subgenotype A1 is associated with an
increased incidence of HCC.117

Precore and Core Promoter Mutations
HBeAg is generally regarded as a marker of HBV
replication.118 A subset of patients with HBV infection have high levels of HBV replication in the
absence of HBeAg production. Thus, chronic HBV

infection can be divided into HBeAg-positive and
HBeAg-negative disease.118 Patients with HBeAgnegative disease do not express HBeAg because of
mutations in the precore and core regions of the
HBV genome.119-120
HBeAg-negative disease, defined as the absence
of HBeAg production but with active HBV replication, is not thought to arise de novo but rather as
the evolution of chronic HBV infection. HBeAgnegative disease is associated with a poorer longterm prognosis,121 and sustained spontaneous
remission is rare. The precore and core promoter
mutations are also associated with genotypes B,
C, and D.122 It is not known whether there is an
increased proportion of HBeAg-negative disease
in HIV infection.
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Management of Hepatitis B in
the Setting of HIV Infection
Goals, Predictors, and Duration
of Therapy
The goals of hepatitis B therapy in HIV/HBV coinfection are similar to those in HBV monoinfection123: to suppress HBV viral replication, promote
HBeAg seroconversion (in those with HBeAg),
and, ultimately, decrease the progression to cirrhosis and/or HCC.118 Loss or decrease in HBV DNA
is considered an acceptable surrogate marker for
successful HBV treatment.124 In HIV infection, an
additional benefit of treatment of HBV infection
may include the possibility of decreasing ARTassociated hepatotoxicity.
In HBV monoinfection, the predictors of a
favorable treatment response include low pretreatment HBV DNA levels, the presence of HBeAg,
and evidence of liver inflammation demonstrated
by liver biopsy or elevations in liver enzymes.125-126
The predictors of optimal treatment response in
HIV and HBV coinfection are unknown.
The optimal duration of therapy for chronic
hepatitis B in HIV infection is also unknown, but
given the suppressive nature of therapy and the
concomitant treatment of HIV with anti-HBV
active therapy, the duration of therapy will likely
be lifelong.97 Several studies have shown that
markers of liver damage may improve with successful therapy in some patients.127-128 For example,
Matthews et al127 found that after approximately
two years of treatment with tenofovir in cirrhotic
HBV-HIV-infected patients, all markers of liver
injury improved. Another study assessed improvement in liver damage with tenofovir therapy via
biopsy, and yielded similar results.128

Anti-HBV Therapy
Several agents are currently available for the treatment of chronic hepatitis B: lamivudine, adefovir,
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tenofovir, emtricitabine, entecavir, telbivudine,
and interferon. Tenofovir and emtricitabine are
not officially approved for hepatitis B infection but
have been studied in its treatment.129-136 In resourcelimited settings, as of this writing, lamivudine
will likely be the most accessible agent, although
tenofovir may be more widely available soon.
Lamivudine, tenofovir, and adefovir are discussed
in the following paragraphs.
Lamivudine, a nucleoside analogue, is currently the most widely available drug for hepatitis
B in low-income settings. The dosage for chronic
hepatitis B therapy is 100 mg daily, but the dosage in HIV infection, 300 mg daily, is the appropriate dosage if both HIV and HBV are to be
treated. In HIV/HBV-coinfected patients, lamivudine monotherapy is associated with HBV DNA
reductions to below 105 copies/mL in 40% to 87%
of patients.137-139 A major limitation to single-agent
lamivudine therapy for hepatitis B is the development of HBV lamivudine resistance (see the following subsection).
Although not formally approved for the treatment of hepatitis B, tenofovir disoproxil fumarate,
a nucleotide analogue also used in the treatment
of HIV, has been widely used and studied in HIV/
HBV coinfection.129-135 Studies in high-income
countries have demonstrated its activity against
HBV in lamivudine-naive and lamivudine-resistant HIV/HBV-coinfected patients. Tenofovir
may also become more accessible in resourcelimited settings; tenofovir and coformulated tenofovir and emtricitabine were approved in South
Africa in April 2007. In 54 HIV/HBV-coinfected
individuals with HBeAg-positive chronic hepatitis B, tenofovir produced a median reduction
in HBV DNA of 4.56 log10 copies/mL and 30%
achieved an undetectable HBV viral load.134 In
11 treatment-naive and -experienced HIV/HBVcoinfected patients, tenofovir was effective in
suppressing HBV replication.129
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Hepatitis B Drug Resistance
When lamivudine is used as monotherapy for the
treatment of HBV in the setting of HIV infection,
lamivudine resistance approaches 100% at four
years.139 Lamivudine resistance occurs when point
mutations alter the highly conserved YMDD motif
in the C domain of the HBV polymerase gene, preventing lamivudine binding. Lamivudine resistance
is accompanied by rebound viremia, ALT elevation,
and reversal of histologic improvement.142 In HIV/
HBV coinfection and cirrhosis, HBV drug resistance can lead to fulminant hepatitis.143 In medication-compliant patients who experience a greater
than 1 log10 copies/mL increase in serum HBV
DNA from nadir, lamivudine resistance should be
considered.144 The optimal treatment for lamivudine-resistant HIV/HBV-coinfected individuals
is not well defined. Most experts recommend the
addition rather than the replacement of a second
anti-HBV agent.126 Both tenofovir133 and adefovir145 exhibit activity against lamivudine-resistant
virus in HIV infection. Entecavir should be used
with caution as background lamivudine resistance
mutations facilitate entecavir resistance.146

Approach to the Management of HIV/
HBV Coinfection in Resource-Limited
Settings
Because of resource limitations, including limitations in drug availability, the management of hepatitis B infection in resource-limited settings will
differ from that in high-income settings. References
for HBV treatment in high-income countries are

listed here.126,147 As of this writing, there are no data
on HBV management in HIV infection in resourcelimited settings. The following are our recommendations, modified from previously published recommendations in resource-limited settings,97 but
not yet proven through rigorous clinical trials.
HBsAg and transaminase testing should be
available at the clinic level, both at the initiation
and, in the case of transaminases, at follow-up
evaluations. Additional follow-up laboratory tests
such as HBeAg, anti-HBe, and HBV viral load
could be reserved for district-level testing.
In HBV-endemic areas, we advocate screening for HBsAg and liver enzymes at primary
health care centers and before the initiation of
ART. Individuals with HIV/HBV coinfection
should be asked about symptoms of severe liver
disease, including hematemesis, hematochezia,
and abdominal and leg swelling. Alcohol intake
and family history of HCC should also be queried. Examination should include the evaluation
of severe liver disease including jaundice, ascites,
spider angiomata, lower extremity edema, and palmar erythema. If available, HBeAg, anti-HBe, HBV
DNA, prothrombin time, albumin, and a complete
blood count should be obtained.
If HBsAg screening is not available, a reasonable, but unstudied, alternative may be to initiate
ART therapy, monitoring for signs and symptoms
of hepatotoxicity (i.e., abdominal pain, jaundice,
sclericterus). Should these symptoms develop, a
history designed to exclude other causes of hepatotoxicity should be obtained, and subsequent
laboratory evaluation should include ALT and
hepatitis A and B serologies. The non-hepatitis
differential diagnosis includes antiretroviralrelated hepatotoxicity (with nevirapine being the
usual agent), AIDS-related opportunistic infections that target the liver, lactic acidosis (with
hepatic steatosis if stavudine or didanosine are
included in the regimen), and hepatotoxicity from
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Adefovir, a nucleotide analogue approved for
the treatment of chronic hepatitis B, does not have
known anti-HIV activity at the anti-HBV active
dose of 10 mg daily.140 In lamivudine-resistant HIV/
HBV-coinfected patients, the addition of adefovir
resulted in sustained and significant reduction in
HBV DNA levels.141

other medications (i.e., anti-TB medications).
Hepatitis-related etiologies include acute infection with hepatitis A, B, or C, and, in the setting
of HBsAg-positive disease, hepatitis B immune
reconstitution and hepatic flares. If serologies
demonstrate HBsAg positivity, then the addition
of a second anti-HBV active drug (in most settings, tenofovir) should be considered.
When to Initiate Therapy
HBV therapy should be commenced concurrently
with ART.
Management of HBV Disease in Patients on ART
If available, ART for coinfected patients should
include two anti-HBV active agents.126 In the
setting of HIV/HBV coinfection, combination nucleoside therapy is associated with more
potent HBV suppression,148 and may be associated
with the reduced incidence of drug resistance,
although this protection against resistance has
not been definitively established. If tenofovir is
available, then we recommend combination therapy with tenofovir and lamivudine or emtricitabine. Coformulated tenofovir and emtricitabine,
although not approved in the United States for
the treatment of chronic hepatitis B, has also been
used and retrospectively studied for the treatment
of HIV and HBV coinfection.148 To maintain HBV
suppression, anti-HBV therapy should be continued indefinitely.
Nevirapine should be avoided, because of the
higher rates of hepatotoxicity in HIV/HBV coinfection. Additionally, use of didanosine and stavudine, individually or in combination, should be
avoided if possible. Finally, lamivudine and emtricitabine should not be used concomitantly, as both
share a similar mechanism of action.
If, at the time of HBsAg identification, HIV
therapy has already been initiated and does not
contain two anti-HBV active drugs, the optimal
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approach would include the addition of a second
anti-HBV agent.126
If a second-line ART regimen is necessary (i.e.,
due to toxicity, treatment failure, etc.), continuation with a regimen that contains an anti-HBV
agent (e.g., lamivudine, tenofovir, emtricitabine)
is recommended. If anti-HBe testing is available,
this test should be performed every six months to
a year. If anti-HBe seroconversion has occurred,
then anti-HBV therapy may be discontinued six
months after anti-HBe seroconversion. If anti-HBe
testing is not available, then an HBV-active agent
should be continued for the duration of ART. Early
discontinuation of anti-HBV therapy can lead to
rebound HBV viremia, elevated aminotransferase
levels, and, in some immunosuppressed patients,
hepatic failure.
Monitoring During Treatment
In HIV-positive and HBsAg-positive patients, liver
enzymes should be evaluated at least once or twice
in the first three months after ART initiation. If
available, serum HBV DNA, HBeAg, and anti-HBe
should be measured every six months. If lamivudine
or emtricitabine is the only HBV-active drug in the
regimen (i.e., HBV monotherapy), a rise in liver
enzymes or HBV DNA should prompt the consideration of HBV drug resistance. Additional considerations include antiretroviral-related hepatotoxicity (nevirapine, efavirenz, stavudine, didanosine),
concomitant hepatotoxic medications (i.e., antiTB), other hepatotropic opportunistic infections,
immune reconstitution/HBV flare, acute hepatitis
from A/C/D/E, and/or alcohol abuse.
The optimal strategy to manage HBV drug
resistance in HIV infection is unknown; in the setting of lamivudine resistance, most consensus panels recommend the addition of tenofovir.
In high-income countries, screening for HCC
with biannual alpha-fetoprotein measures and
liver ultrasounds is recommended.
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Even without treatment, steps may be taken to prolong time to severe liver injury. Alcohol interacts
synergistically with viral hepatitis to exert injurious
effects on the liver. There are several mechanisms
by which this may occur, including increased lipid
peroxidation, less hepatocyte regeneration, alteration of key metabolic pathways, and reduced DNA
repair capacity.149 Alcohol avoidance, while not
necessarily reversing damage already incurred, will
serve to soften the effects of viral hepatitis and drug
interactions on an already compromised liver.
In addition, individuals with HBV infection
who have not been exposed to hepatitis A should
receive the hepatitis A vaccine.126 Acute infection
with hepatitis A in hepatitis B-coinfected individuals can result in fulminant hepatitis.150

Prevention of Hepatitis B
Hepatitis B can be prevented through vaccination
(children and adults) and through administration
of hepatitis B immune globulin and vaccination
(neonates).

Prevention of HBV Perinatal
Transmission
In infants and children, the two major routes of
HBV acquisition are via perinatal and horizontal
transmission. In pregnant women who are HBsAgand HBeAg-positive and who do not receive immunoprophylaxis, a newborn’s risk for chronic HBV
infection at six months is 70% to 90%.151-153 Infants
born to mothers who are HBeAg-negative have a
less than 10% risk of developing chronic hepatitis B. Predictors of HBV transmission include the
presence of HBeAg and high-level HBV viremia.154
Breastfeeding in HBsAg-positive mothers is not
thought to increase the risk of HBV acquisition.155
The current HBV perinatal exposure prophylaxis regimen in high-income countries includes
the administration of hepatitis B immune globulin

(HBIG) and HBV vaccine, both administered
within 12 to 24 hours of birth, followed by the
completion of the HBV vaccination series. This
regimen is 85% to 95% effective in preventing
chronic HBV infection in infants born to women
with both HBsAg and HBeAg.156
In low-income countries where HBIG administration may be limited by cost and cold-storage
availability, World Health Organization (WHO)
recommendations note that hepatitis B vaccination
alone, if administered within 24 hours of birth, is
comparable to the combination of hepatitis B vaccination and HBIG administration in the prevention
of mother-to-child transmission of hepatitis B.156
The use of nucleos(t)ide therapies as an alternative to HBIG and the HBV vaccination has
been raised.97 To date, only two small studies have
examined the administration of lamivudine to
HBsAg-positive mothers in order to prevent HBV
transmission to the infant.157-158 Both have suggested
that lamivudine may be effective in reducing HBV
transmission, but larger studies are needed, especially in HIV-coinfected women, where HBV viral
loads may be higher than in their monoinfected
counterparts.

Routine Hepatitis B Vaccination
Neonates and Children
In 1991, WHO called for routine global infant and
childhood HBV immunization, initially targeting
regions and countries with high HBV prevalence.1
Hepatitis B immunization strategies include routine infant vaccination, prevention of perinatal
HBV transmission, and catch-up vaccination of
older age groups.159
Routine infant HBV vaccination is encouraged
in low-, intermediate-, and high-endemicity HBV
countries, with the timing of vaccination differing between regions with varying endemicities.
HBV vaccination at birth (provision of birth dose)
in order to prevent perinatal HBV transmission
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should be considered in regions where a perinatal
HBV infection is common (e.g., Southeast Asia). In
regions where a lower proportion of HBV infections
are acquired perinatally (e.g., sub-Saharan Africa),
the administration of HBV vaccination should be
considered after assessing the relative contribution
of perinatal transmission to the overall HBV disease
burden and the feasibility of providing birth doses.
Catch-up immunizations, in addition to routine
infant immunization, should be considered in lowto-intermediate-prevalence countries.159

In HIV-positive individuals with well-preserved
CD4 counts (defined as greater than or equal to 500
cells/mm3), a normal HBV vaccine dosing schedule
is recommended. In those with evidence of immunosuppression, a more intensive schedule is suggested (20 µg at months 0, 1, 2, and 12). Those who
do not respond to the first vaccination cycle should
receive booster doses or undergo a second cycle
with a double-dose regimen until titers greater
than or equal to 100 IU/L are observed.126

Adults
For adults living with HIV, recommendations from
an international panel on HBV management in
HIV are to screen for markers of HBV exposure in
each newly diagnosed HIV patient and to vaccinate
those without serological evidence of prior exposure.126 Studies in adults living with HIV have demonstrated that vaccine responses in HIV-positive
individuals may be significantly abrogated compared with HIV-negative adults.160-161 Vaccine trials in HIV-positive patients have yielded response
rates, defined by protective levels of surface antibody, ranging from 17% to 72%.162-167 Individuals
with low HIV RNA and higher CD4 counts are
most likely to respond.162

In summary, HIV/HBV coinfection is a common
occurrence. HIV alters the natural history of hepa
titis B disease, resulting in increased HBV viremia,
increased HBV drug resistance, and increased
mortality when compared to HBV infection
alone. If possible, ART in HIV/HBV-coinfected
patients should include two HBV-active agents.
When lamivudine is the only HBV-active agent,
lamivudine resistance occurs in the majority of
HIV/HBV-coinfected patients on lamivudinecontaining ART.
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H

uman malaria infection is
usually caused by four parasites: Plasmodium
falciparum, P. ovale, P. malariae, and P. vivax.
The most common of the four are P. vivax and P.
falciparum, with P. falciparum being the most lethal.
In some regions of the world, a single parasite species predominates (e.g., P. vivax in Central America
and P. falciparum in sub-Saharan Africa); in other
regions, the geographic distributions of two or
more species may overlap substantially.1 The global
burden of malaria is immense. Snow et al, in an estimate that attempted to correct for deficiencies in
case reporting, concluded that in 2002 alone, there
were 513 million episodes (range: 300–660 million) of symptomatic P. falciparum malaria.2 Snow
et al further estimated that 2.2 billion people were
at risk of P. falciparum malaria, and that attack rates
in the most highly endemic regions were 849 cases
per 1,000 population per year. The distribution of
malaria overlaps that of HIV-1 infection broadly,
especially in sub-Saharan Africa.3

Interactions between
Malaria and HIV

diseases.4,5 Reported interactions that are of interest to clinicians fall into the following broad
categories:
1. Increases in HIV replication rate and/or viral
load in the presence of acute malaria6,7
2. Reversible decline in CD4 T-lymphocyte count
in the presence of acute malaria8
3. Increased incidence, prevalence, and severity of
malaria in HIV-positive individuals (especially
in pregnancy, where adverse consequences may
affect both mother and fetus)9-11
4. Increased likelihood of malaria treatment failure in HIV-positive individuals12,13
Recent research on interactions between the
malaria parasite, the human immune system, and
HIV itself has begun to describe plausible mechanisms for some of the observed interactions. The
existing data (which are restricted to interactions
between HIV and malaria caused by P. falciparum,
owing to lack of available data regarding other
Plasmodium species) are summarized in Table 1.
Similar interactions are likely to exist between HIV
and the other Plasmodium species, but published
studies do not yet describe them.

Interactions involving P. falciparum and HIV
have resulted in increases in the burden of both
Opportunistic Infections, Cancers, and Coinfections
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Table 1. Selected Studies Describing Interactions between P. falciparum and HIV
Setting

Finding

Patient
population

Malaria-related HIV viral load elevation and/or increases in HIV replication
Malawi7

Median HIV-1 viral RNA 19.1 x 104 copies/mL with acute malaria, dropping to 12.0 x 104 copies/mL four weeks after antimalarial treatment

Nonpregnant
adults

Malawi6

Median HIV-1 RNA at baseline 9.6 x 104 copies/mL, rising to 16.9 x 104
copies/mL with acute malaria infection, falling to 8.2 x 104 copies/mL six
to eight weeks post treatment

Nonpregnant
adults

Zambia8

HIV-1 RNA concentration decreased by 0.1 log 28 days after treatment of
symptomatic malaria.

Nonpregnant
adults

Malawi14

Maternal malaria infection is associated with a significant increase in
the proportion of CD16+ monocytes; these monocytes are in turn more
likely to express CC chemokine receptor 5 (CCR5) and to harbor HIV.

Pregnant
women

Tanzania15

The HIV receptor CCR5 is upregulated (fourfold) in the presence of
maternal placental malaria infection.

Pregnant
women

In vitro16

Exposure to P. falciparum antigens results in increased HIV viral
replication.

N/A

Malawi17

Malaria infection is associated with increased concentration of CCR5 in
maternal macrophages, thus increasing the number of HIV target cells.

N/A

Malaria-related CD4 lymphocyte decline
Kenya18

Observed CD4 count decline in HIV-positive Ugandan patients was
40.5 cells/mm3 faster per malaria episode per year; estimated excess
CD4 decline of 142 cells/mm3 per year in a person with three malaria
episodes.

Nonpregnant
adults

Zambia8

28 days after successful treatment for symptomatic malaria in HIVpositive patients, median CD4 counts rose from 274 to 447 cells/mm3,
and the proportion of patients with CD4 counts <200 declined from
28.7% to 13.4%.

Nonpregnant
adults

Increased incidence or prevalence of malaria in the presence of HIV infection
Uganda10

Malaria cases 57 per 1,000 person-years if CD4 ≥500, 93 if CD4 = 200 to
499, 140 if CD4 <200

Nonpregnant
adults

Uganda9

Odds ratio for clinical malaria (at routine visits) by CD4: 1.0 if CD4 ≥500,
3.23 if CD4 = 200 to 499, 6.12 if CD4 <200

Nonpregnant
adults

Malawi19

Hazard ratio for experiencing first malaria parasitemia episode in HIVpositive persons compared to HIV-negative persons: 1.8; hazard ratio for
incidence of a second parasitemia episode: 2.5

Nonpregnant
adults

360

From the ground up: Establishing a Framework for Success

Table 1. Selected Studies Describing Interactions between P. falciparum and HIV (cont.)
Setting

Finding

Patient
population

Mozambique20

The odds ratio for the association of maternal peripheral malaria parasitemia and HIV infection was 1.5. Prevalence of maternal peripheral
malaria parasitemia ranged from 38.1% in HIV-positive multiparas (i.e.,
women who have given birth two or more times) to 75% in HIV-positive
primigravidas (i.e., women who are pregnant for the first time) in the
study site that experienced the most intense transmission.

Pregnant
women

Malawi21

HIV infection is associated with decreased concentrations of antibodies
to specific P. falciparum antigens in pregnant women; this finding is
associated with low CD4 counts.

Pregnant
women

opportunistic infections,
cancers, and coinfections

Increased incidence or prevalence of malaria in the presence of HIV infection (cont.)

Increased severity of malaria with HIV infection
South Africa22

Significantly higher likelihood of severe anemia, renal insufficiency,
and metabolic acidosis in HIV-positive vs. HIV-negative patients with
acute malaria; CD4 counts substantially lower (134 vs. 190 cells/mm3) in
HIV-positive patients

Nonpregnant
adults,
hospitalized

South Africa23

Significantly higher likelihood of confusion or drowsiness (26% vs.
17%, P=.01), renal insufficiency (27% vs. 15%, P=.01), coma (16% vs. 8%,
P=.03), metabolic acidosis (15% vs. 6%, P=.015), and jaundice (9% vs.
1%, P=.001) in HIV-positive patients with acute malaria; odds ratio of 7.5
for association of mortality and HIV infection in hospitalized patients

Nonpregnant
adults,
hospitalized

South Africa24

Significantly higher incidence of severe malaria in HIV-positive children
as compared to uninfected children (32 vs. 5 children, P=.05); odds ratio
for the association between HIV infection and death from malaria was
10.2

Children under
14 years old
with acute
malaria

Increased likelihood of malaria treatment failure
Kenya12

HIV-negative patients treated for acute malaria: 87.7% cured, 7.6%
relapsed, 4.3% reinfected; HIV-positive patients with CD4 <200 cells/mm3:
68.0% cured, 20.5% relapsed, 11.5% reinfected

Nonpregnant
adults

Uganda13

In adults, but not in children, HIV-1 infection was associated with a
greater than threefold risk (hazard ratio 3.28; 95% CI, 1.25–8.59) of clinical treatment failure after antimalarial therapy for symptomatic infection. Reinfection (HR 6.35; 95% CI, 1.64–24.5) rather than relapse (HR
1.51; 95% CI, 0.27–8.58) was implicated.

Children under
5 years of age
and nonpregnant adults
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Differential Diagnosis of
Malaria in the HIV-positive
individual
Five Key Syndromes
Malaria causes five important syndromes, as
described below.
Acute Uncomplicated Illness
Acute uncomplicated illness can be caused by any
one of the four species, usually presenting with
fever, headache, myalgias, cough, and/or gastrointestinal symptoms.1 The mortality of uncomplicated malaria is estimated to be approximately
0.1% (lower for non-falciparum infections) if treatment is provided before complications develop.25
Severe or Complicated Malaria
Severe or complicated P. falciparum (or, much less
commonly, P. vivax) malaria typically presents
with central nervous system manifestations (e.g.,
seizures, coma), metabolic acidosis, pulmonary
edema, hypoglycemia, acute renal failure, and/
or severe anemia.26 The case-fatality rate of severe
malaria is high; 15%–20% of patients may die even
if treated, and severe malaria is commonly fatal if
untreated.25 Progression from initial symptoms to
death may occur very rapidly, especially in children
and others who lack acquired immunity. Those who
survive severe malaria may have chronic neurologic
deficits (including hemiparesis [i.e., muscular weakness or partial paralysis restricted to one side of the
body], cortical blindness, and tremor) thereafter.1,26
As many as 24% of child survivors of severe malaria
are estimated to have cognitive impairment.27
Asymptomatic Parasitemia
Asymptomatic parasitemia is generally the consequence of P. falciparum infection in older children and adults living in regions of stable transmission. Morbidity and mortality in asymptomatic
362

parasitemia are largely related to steadily worsening
anemia. However, asymptomatic parasitemia has
been observed to confer a fivefold elevation in the
risk of symptomatic malaria in young children.28
Asymptomatic Placental or
Maternal Peripheral Parasitemia
Asymptomatic malaria parasitemia (P. falciparum
and/or others) has been noted in 10%–70% of
pregnant women living in regions of stable malaria
transmission.20,29 It is associated with maternal
anemia, maternal mortality, and infant low birth
weight.29 In a recent autopsy study of maternal mortality in Mozambique, evidence of recent or current
malaria infection was detected in 66.2% of maternal
deaths, though only 10.1% of deaths were thought
to have been caused directly by severe malaria.30
Maternal malaria infection has recently been associated with reduced transfer of maternal tetanus
antibodies to the fetus.31 Vertical transmission of
HIV may be increased in the presence of maternal
malaria, and placental malaria conferred a relative
risk of 7.9 for vertical transmission in one study
(although this finding has not been consistently
replicated) .32,33 There is also evidence of association
between maternal malaria and eclampsia.34,35
Latent Infection
The life cycles of P. vivax and P. ovale include a
liver-stage parasite known as a hypnozoite. If left
untreated (the standard therapy is primaquine),
latent infection may cause relapses of symptomatic
malaria weeks to years after initial infection.25

Signs and Symptoms of Acute
Uncomplicated Malaria, and Their
Occurrence in Other HIV-Related
Conditions
Malaria represents a daunting diagnostic challenge
in the HIV-positive patient.36 Its clinical symptoms
overlap with those of opportunistic infections (OIs),
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Fever
Fever without apparent source is a common clinical problem in HIV-positive persons; its observed

incidence was 602.5 events per 1,000 person-years
of observation in one adult cohort in Nairobi,
Kenya.37 Most clinicians in malaria-endemic settings are quick to suspect malaria in the febrile
patient. However, TB, cryptococcosis, bacteremia,
typhoid fever, dengue, influenza, and various other
entities (including ADRs and IRIS) may present in
a similar fashion. More than one cause of fever may
be present concurrently in the HIV-positive patient.
Several groups of investigators have attempted to
characterize the causes of fever in HIV-positive
adults and children; the findings of selected studies
are summarized in Table 2.

Table 2. Causes of Fever in HIV-Positive Individuals: Selected Studies
Setting

Finding

Patient population

Côte d’Ivoire38

In 269 episodes of fever in 144 patients, no specific etiology was
identified in 135 instances. In the remaining cases, identified
causes were as follows:
Bacterial disease in 77 (57%) cases (in descending order of
frequency): pneumonia, skin abscess, sinusitis, bacterial enteritis,
isolated bacteremia, otitis, pyelonephritis, epididymitis, peritonitis, pericarditis, prostatitis, pyosalpinx). In 7 of these cases, there
was another concurrent infection.
Malaria (P. falciparum) in 25 (19%) of cases. In 2 cases, there
was another concurrent infection.
“Other” identifiable causes of fever in 40 (30%) cases (in
descending order of frequency): tuberculosis, herpes zoster, toxoplasmosis, atypical mycobacteriosis, Kaposi’s sarcoma, adverse
drug reaction, cryptococcosis, acute hepatitis

HIV-positive adults
enrolled in cohort
study

Malawi39

Identified causes of fever in 291 HIV-positive patients: M. tuberculosis 55 (5 coinfected with bacterial pathogens), non-typhi
salmonella 44 (1 coinfected with S. pneumoniae), malaria 31,
S. pneumoniae 13, E. coli 4. The cause of fever could not be
identified in 34% of patients.

Hospitalized HIVpositive adults ≥14
years old with T≥37.4°C
or history of fever

Malawi40

In HIV-positive children, disease incidence per 100 person-years
of observation:
Malaria 59.3
Septicemia 22.2
Fever of unknown origin 11.1

HIV-positive children
enrolled in cohort
study
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adverse drug reactions (ADRs), immune reconstitution inflammatory syndrome (IRIS), other infectious
entities that are common in resource-limited environments, and advanced AIDS itself. To further complicate matters, asymptomatic malaria parasitemia
may coexist with OIs (and other disease entities) that
share symptoms with malaria. Common signs and
symptoms of malaria, with important considerations
in differential diagnosis, are described below.

Table 2. Causes of Fever in HIV-Positive Individuals: Selected Studies (cont.)
Setting

Finding

Patient population

Malawi41

In HIV-positive adults with CD4 lymphocyte counts <200 cells/mm3,
9% of patients with positive malaria smears also had other diagnoses that could have caused fever (i.e., bacterial sepsis, bacterial
sepsis and pulmonary TB, C. neoformans infection, pneumonia,
Isospora enteritis, tuberculous meningitis, chronic diarrhea,
vaginal discharge).

HIV-positive adults
enrolled in cohort
study

Uganda42

In HIV-positive children using insecticide-treated bed nets and
receiving cotrimoxazole prophylaxis, only 4% of febrile episodes
could be attributed to malaria.

HIV-positive children
under 10 years of age
enrolled in cohort
study

Malawi43

Bloodstream infections were identified in 62 out of 173 patients:
S. pneumoniae (12%), M. tuberculosis (12%), Salmonella species
(7%), Gram-negative bacilli (2%), C. neoformans (3%), Grampositive cocci (2%), M. simiae/SAV (1%), M. avium complex (0.5%),
M. bovis (0.5%).

Hospitalized HIVpositive adults with
T≥37.5°C

Thailand44

114 out of 182 hospitalized febrile HIV-positive patients were diagnosed with bloodstream infections: C. neoformans (30), M. tuberculosis (27), M. avium complex (24), non-typhi Salmonella (16), S.
aureus (7), other mycobacteria (6), Histoplasma capsulatum (4), P.
marneffei (4), other Gram-negative bacilli (3), E. coli (1), K. pneumoniae (1), Streptococcus group A (1), Nocardia sp (1), R. equi (1),
C. parapsilosis (1), C. laurentii (1).

Hospitalized HIVpositive patients ≥15
years of age with
T≥38.0°C

Headache
Acute headache is a common symptom of malaria.
It may easily be confused with headaches caused
by other entities, including sinusitis, HIV-related
OIs (e.g., cryptococcal meningitis or toxoplasmic
encephalitis), or ADRs to antiretrovirals (ARVs).

presentation of malaria may easily be confused with
that of an upper respiratory infection, bronchitis,
pneumonia, or other conditions. Malaria and bacterial pneumonia may be clinically indistinguishable
(especially in children) and may even occur simultaneously; concurrent infections have been described
both in children and in HIV-positive adults.42,46-48

Myalgias
Myalgias (muscle pains) are also common in acute
malaria, and may be confused with the myalgias
caused by common respiratory viruses, ADRs to
ARVs (e.g., abacavir hypersensitivity), or other
drugs and other conditions.

Vomiting and/or Diarrhea
Gastrointestinal symptoms are common in acute
malaria, and may be confused with gastroenteritis (multiple opportunistic and other etiologies) or
ADRs.

Cough
Up to 50% of patients in some studies have presented
with cough as a manifestation of acute malaria.45 This

Nonspecific Complaints
Particularly in young children and infants, the
signs and symptoms of malaria may include such
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Anemia
Anemia is a common consequence of malaria, and
may be confused with anemia caused by hookworm,
TB, bleeding lesions of the gastrointestinal tract
(including lesions caused by OIs), ADR to zidovudine, recent obstetrical hemorrhage, and other entities. Anemia is commonly multifactorial. Of note is
that malaria-related anemia may continue to progress, and erythropoiesis may be suppressed for days
to weeks even after effective clearance of malaria
parasitemia. Hence, continued decline in hemoglobin after malaria treatment does not rule out malaria
as the primary cause of a patient’s anemia.49,50

Signs and Symptoms of Severe Malaria
Seizures, Impaired Consciousness, Coma
The clinical presentation of cerebral malaria overlaps with that of toxoplasmic and viral encephalitis,
bacterial and cryptococcal meningitis, meningeal
TB, and malignancy (e.g., primary central nervous
system lymphoma).51 In pregnant women, cerebral
malaria may be mistaken for severe pre-eclampsia
or eclampsia.52 Altered mentation could also represent an ADR to efavirenz or other medications.
Hypoglycemia
Severe malaria is commonly accompanied by
hypoglycemia, which may be exacerbated by quinine therapy.53 Hypoglycemia is also a common
complication of sepsis in infants and in severely
malnourished children.54,55
Pulmonary Edema
Acute pulmonary edema caused by malaria may be
confused with that provoked by cardiac failure in
the setting of myocardial infarction or other cardiac
disease.

Respiratory Distress
Respiratory distress caused by severe malaria
(associated, for example, with metabolic acidosis)
is easily confused with that caused by pulmonary
infection, cardiac disease, or stavudine-induced
metabolic acidosis.
Lactic Acidosis
The lactic acidosis that is common in severe
malaria may be mistaken for an ADR to certain
ARVs, especially stavudine or didanosine.
Jaundice, Hepatomegaly, Transaminase
Elevations, Abdominal Pain, Nausea, Vomiting,
Diarrhea
Severe malaria may present with jaundice,
hepatomegaly (enlargement of the liver), moderate transaminase elevations, and/or significant
abdominal pain and other gastrointestinal symptoms. The differential diagnosis of these signs
and symptoms is very broad, and includes viral or
drug-induced hepatitis (e.g., nevirapine hepatitis
or stavudine steatohepatitis), cholelithiasis, pancreatitis (including drug-induced pancreatitis),
cholangitis, and many other AIDS-related and
other entities.
Severe Anemia
Severe anemia is a common complication of severe
malaria. Notes on the differential diagnosis are
given above.
Intravascular Hemolysis with Hemoglobinuria
Once thought to be a complication of severe
malaria (“blackwater fever”), this particular manifestation of severe malaria is now thought to be an
adverse effect of quinine or halofantrine therapy.1
In patients on indinavir, the combination of dark
red urine and flank pain may suggest drug-related
nephrolithiasis.
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nonspecific complaints as lethargy, irritability,
malaise, or fussiness. The differential diagnosis of
these complaints is very broad.

Table 3. Diagnostic Accuracy of Clinical Diagnosis of Malaria: Summary of Selected Studies
Setting

Finding

Patient population

Kenya56

79.3% of patients with no evidence of malaria parasitemia on microscopy were diagnosed clinically with
malaria.

Patients over 5 years of
age; observational study of
clinical practice under field
conditions

Uganda57

Malaria blood smear was positive for only 757 of 2,359
episodes of fever (all of which would ordinarily have
been diagnosed with malaria); only 13 of 1,602 episodes
of fever with negative smear occurred in people who
subsequently developed detectable parasitemia.

Children between 1 and
10 years of age presenting
with fever

Uganda58

Only 24.8% of patients who met clinical case definitions
of malaria had demonstrable parasitemia; over 75%
of patients were treated unnecessarily for malaria; the
majority of patients without demonstrable parasitemia
were not treated for alternative diagnoses.

Febrile pediatric and adult
outpatients

Tanzania59

Only 46.1% of patients clinically diagnosed with severe
malaria had P. falciparum infection on microscopy.
Higher case fatality (12.1% vs. 6.9%, P<.001) in smearnegative patients, associated with failure to provide
treatment for alternative diagnoses to patients with
negative malaria smears.

Hospitalized adults and
children who met clinical
criteria for diagnosis of
severe malaria

Papua, New
Guinea60

Positive predictive value (for malaria parasitemia of
any level) of clinical diagnosis of malaria was 73% in
children and 51% in adults.

Children and adults presenting for outpatient
evaluation of fever

Sub-Saharan Africa
(review)61

Sensitivity of clinical diagnosis estimated as 90% in
high-transmission areas and 73% in lower-transmission
areas; corresponding specificity 30% and 71%

Children (review of multiple studies)

Kenya62

Sensitivity of clinical diagnosis of malaria: 100%; specificity: 0% (compared to diagnosis by physician with
access to results of blood smears)

Field trial of an algorithm for
Integrated Management of
Childhood Illness; children
between 2 months and 5
years of age

Gambia63

Sensitivity of clinical diagnosis of malaria: 87%; specificity: 8% (compared to diagnosis by pediatrician with
access to results of malaria smears)

Field trial of an algorithm for
Integrated Management of
Childhood Illness; children
between 2 months and 5
years of age

Thrombocytopenia
Severe malaria may be accompanied by thrombocytopenia, with or without clinical bleeding. Malaria,
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as noted above, is often accompanied by anemia as
well, and may occasionally cause leukopenia (leukemoid reactions have also been observed). Several
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Signs of Asymptomatic
Malaria Parasitemia
Anemia is the most common sign of asymptomatic malaria parasitemia. It is particularly common
in pregnancy. If untreated, the progressive anemia
caused by asymptomatic malaria parasitemia leads
to diminished work capacity and elevated risk of
infant low birth weight and/or maternal mortality.64,65 Anemia in general is considered to be a risk
factor for AIDS-related disease progression and
mortality.66 However, as noted above, the differential diagnosis of anemia in the HIV-positive person
is quite broad.

Laboratory vs. Clinical Diagnosis
of Malaria
Although malaria is commonly diagnosed purely
on the basis of clinical signs and symptoms, this
approach is unreliable even in patients without
HIV infection.67 Table 3 summarizes the findings
of selected studies of the sensitivity and specificity of clinical malaria diagnosis in both adults and
children. Although we are not aware of any studies that have addressed the sensitivity or specificity of clinical diagnosis of malaria in HIV-positive
persons, the inclusion of OIs, ARV-related ADRs,
and IRIS in the differential is likely to render clinical diagnosis of malaria even less accurate in this
setting. Both overdiagnosis and underdiagnosis of
malaria are hazardous in HIV-positive patients.
Overdiagnosis may increase the risk of adverse
reactions to antimalarial drugs, drug-drug interactions involving antimalarials and ARVs, and
morbidity and/or mortality caused by failure to
diagnose and treat the true cause of symptoms.
Underdiagnosis may lead to preventable morbidity and/or mortality from severe malaria and/

or progressive anemia caused by asymptomatic
parasitemia.
The current gold standard for diagnosis of
malaria is inspection of a stained capillary blood
smear by microscopy. This procedure, as performed under normal field conditions, is currently
estimated to be approximately 70% sensitive and
65% specific for the diagnosis of malaria in children
under five in sub-Saharan Africa, and permits both
speciation of Plasmodium and quantification of
parasitemia.61 However, many smaller health facilities operate without laboratories, and even in larger
health facilities, microscopy may not be available at
night, on weekends, or when limited by shortages
of laboratory personnel, reagents, or equipment.
In response to the shortcomings of the existing
network of laboratory facilities in malaria-endemic
areas, several different types of rapid malaria diagnostic tests are increasingly being used. The advantages and disadvantages of the tests vary by test
type, but in general, all of the tests have the advantage of being rapid and relatively simple to perform
(as compared to microscopy). Important disadvantages (differing by test) include high cost compared
to microscopy (though the difference in cost may
be offset by cost savings resulting from decreased
wastage of antimalarial drugs), limited capacity to
speciate or quantify the infecting Plasmodium (particularly if not P. falciparum), propensity to yield
false-positive results for weeks after clearance of
infection (in the case of tests based on histidinerich protein 2 [HRP-2] antigen), and the need for a
“cold chain” of transport and storage.68,69 Depending
on the test method, the sensitivity of rapid tests for
diagnosis of symptomatic P. falciparum malaria in
residents of endemic regions is thought to range
from 62.7% to 92.1%, and the specificity from
98.4% to 99.6%, as compared to conventional
microscopy performed under research conditions.70
A recent head-to-head comparison of two rapid
tests based, respectively, on detection of HRP-2 and

Opportunistic Infections, Cancers, and Coinfections

367

opportunistic infections,
cancers, and coinfections

OIs are also associated with bone marrow suppression; examples include atypical mycobacterial
infections and visceral leishmaniasis.

plasmodium lactate dehydrogenase (pLDH) antigens, concluded that the HRP-2 test had the higher
sensitivity (92% vs. 85%), while the pLDH had the
higher specificity (100% vs. 93%); the latter difference was likely the result of more rapid clearance
of pLDH from blood after successful antimalarial
treatment.71 Further comparison of the performance of the two test types in settings with different
levels of malaria transmission revealed that while
the positive predictive values of both tests were
consistently high (93% for HRP-2, 98% for pLDH),
the negative predictive value of pLDH (but not of
HRP-2) dropped to only 54% where transmission
intensity was high.72
In settings without regular access to microscopy, some national guidelines now recommend
that the decision to treat for malaria be made on
the basis of clinical impression and rapid-test
results alone, but that a malaria smear be prepared
for later examination elsewhere in order to permit
speciation of parasites and longitudinal assessment
of response to treatment.
Because the potential causes of malaria-like
signs and symptoms are myriad in HIV-positive
individuals, the World Health Organization
(WHO) now recommends that, whenever possible,
malaria infection be confirmed by laboratory testing before treatment of HIV-positive patients. This
recommendation differs sharply from the standard Integrated Management of Childhood Illness
(IMCI) and Integrated Management of Adolescent
and Adult Illness (IMAI) recommendation that
all febrile children, adolescents, and adults with
a “high” risk of malaria be treated presumptively
with antimalarials.73 It also conflicts with guidelines for many community-based malaria treatment programs, which recommend presumptive
treatment with antimalarials for a range of acute
symptoms (not always limited to fever).74
Where there is no access to clinician evaluation
or laboratory diagnosis, presumptive antimalarial
368

treatment by a community-based health worker—
with prompt referral of patients who fail to respond
to first-line therapy—may indeed be the best course,
and no conflict between disparate guidelines may
exist at the practical level. However, where adequate capacity exists and is accessible to the HIVpositive patient, health-facility-based diagnosis
and management is preferable. This is of particular
importance in HIV-positive patients who receive
cotrimoxazole (CTX) prophylaxis and use insecticide-treated bed nets, as these interventions reduce
malaria risk dramatically (especially if combined),
thus increasing the likelihood that febrile episodes
will not be the result of acute malaria.

Treatment of Malaria
In theory, the correct regimen for treatment of
malaria depends on the severity of the disease,
the responsible Plasmodium species, the patient’s
other current medications and comorbidities,
and local patterns of antimalarial drug resistance.
In practice, the most effective available antimalarial regimen is often the best choice, regardless
of theoretical considerations. National guidelines
for first-line, second-line, and third-line antimalarial regimens vary broadly and revisions are frequent. Hence, we will present general recommendations for the choice of antimalarials for patients
in specific circumstances rather than specific drug
choices. These recommendations are based on our
interpretation of the existing literature, not on formal clinical trials (except where indicated).

Plasmodium falciparum
Asymptomatic HIV Infection without
Comorbidity or Chronic Medications
The HIV-positive patient who is not taking ARVs,
CTX, TB treatment regimens, or other chronic
medications, and who is not pregnant, can be
treated with the standard national first-line regimen, assuming that it is known to be effective
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Patients on Prophylactic CTX
There is known cross-resistance between CTX and
sulfadoxine-pyrimethamine (SP), and increased
malaria resistance to SP may occur where CTX
is widely used.75,76 Co-administration of CTX
and SP has been associated with elevated risk of
severe cutaneous adverse reactions (SCAR), such
as Stevens-Johnson syndrome (SJS).77 HIV-positive
persons on CTX prophylaxis should not receive
SP, or SP-based combination regimens, if better
options are available.
Patients on Antiretroviral Therapy
and/or TB Treatment
Patients on combination antiretroviral therapy
(ART) or TB treatment may be at risk for drugdrug interactions; there is also the risk of diagnostic confusion when a patient receives antimalarials and ARVs that share overlapping ADR
profiles. However, few published data are available
to describe the pharmacodynamics or safety profile
of antimalarial medications when given in combination with ART, or to describe the pharmacodynamics of antimalarials in the AIDS patient with
severe malnutrition or wasting.
Drug-drug interactions: Primarily because of
their effects on cytochrome P-450-mediated drug
metabolism, various ARVs and anti-TB drugs
(including most protease inhibitors [PIs], most
non-nucleoside reverse transcriptase inhibitors
[NNRTIs], and rifampin) are likely to increase or

decrease clearance of quinine and halofantrine;
these combinations should therefore be avoided.78,79
Co-administration of rifampin and quinine has
resulted in markedly increased antimalarial treatment failure rates because of rifampin-induced
reductions in quinine levels.79 Co-administration
of efavirenz, artesunate, and amodiaquine has
been associated with defective metabolism of
amodiaquine in vitro and hepatotoxicity in vivo;
in vitro studies suggest that co-administration of
amodiaquine with saquinavir, lopinavir, and tipranavir is likely to yield similar results.80,81 There
is controversy about the co-administration of PIs,
NNRTIs, and lumefantrine; the manufacturer of
lumefantrine and some reviewers have concluded
that the combination should be avoided or be given
only “with caution.” Other reviewers have concluded that careful studies have refuted these concerns.1,25,78 One pharmacokinetic study in healthy
volunteers given ritonavir, lopinavir, and artemether-lumefantrine observed twofold elevation
of lumefantrine levels without clinical toxicity.82
Early data also describe elevated risk of mortality
in HIV-positive patients on zidovudine who were
given high-dose pyrimethamine; the manufacturer
continues to recommend against this combination.83 Finally, there was a high observed incidence
of neutropenia (45%) in HIV-positive Ugandan
children given the combination of artesunate plus
amodiaquine, often in combination with zidovudine and/or CTX.84 In general, published estimates of the incidence of drug-drug interactions
with co-administration of ARVs and antimalarials are scarce. The Liverpool HIV Pharmacology
Group maintains an online resource (http://www.
hiv-druginteractions.org) that describes important
drug-drug interactions involving ARVs and other
medications commonly used in HIV care.78
Overlapping toxicities: Both nevirapine and
SP can cause SCAR, including SJS and toxic epidermal necrolysis. Because of the long half-life of
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(i.e., likelihood of response is not limited by drug
resistance). If the national first-line regimen is
comprised of only a single agent (monotherapy),
or if it is known to have a substantial failure rate,
an alternative first line should be defined for HIVpositive persons because of their increased risk of
treatment failure, and clinicians should advocate
for revision of malaria treatment guidelines for the
population as a whole.12,13

SP, SCAR may occur weeks after administration
of single-dose treatment.85 Both mefloquine and
efavirenz may cause neuropsychiatric side effects.
Zidovudine and SP and amodiaquine have all been
associated with bone marrow toxicity. Multiple
antimalarial and ARV agents may cause minor
symptoms such as nausea and vomiting (which
may also be caused by malaria itself). The side
effect profiles of common antimalarial agents have
been recently reviewed.1 Again, published data on
the incidence of antimalarial side effects in HIVpositive persons are sparse.
Clinical decision making in the absence of
clinical trial data: The foregoing notwithstanding,
malaria is a potentially fatal illness. When malaria
infection is confirmed or very strongly suspected
(particularly in the case of severe malaria), the
AIDS patient on ART should be treated promptly
with the most effective, safest antimalarial regimen
that is locally available, as soon after diagnosis as
possible. AIDS programs should advocate for the
definition of first-line (or alternative first-line)
and second-line agents with the most theoretically favorable safety profiles possible when co-
administered with ARVs. WHO has identified
two alternative first-line artemisinin combination
regimens (artesunate + doxycycline; artesunate
+ clindamycin) that may be appropriate for this
indication, although further research is required to
better define the effectiveness and safety of these
regimens in combination with ART or rifampin.25
Concurrent therapy with antibiotics and antimalarials should be strongly considered in children
with severe malaria, because of the substantial
likelihood of concurrent malaria and bacteremia.86
Further clinical evidence (from pharmacovigilance
and/or clinical trials) is urgently needed to define
the ideal choice of antimalarial agent(s) for the
patient on ART.
The potential role of ART itself in malaria
treatment: Recent research has demonstrated that
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some ARV agents are active against Plasmodium
falciparum and other species either in vivo or in
vitro. Ritonavir, saquinavir, and lopinavir have
been observed to have particularly potent antimalarial effects, but the clinical significance of these
findings is as yet undefined.87
The Pregnant HIV-Positive Patient
The pregnant HIV-positive patient with symptomatic malaria may be treated in the same manner as
the nonpregnant HIV-positive patient, except that
medication choices during pregnancy—particularly the first trimester—are restricted by the paucity of available data on teratogenic effects of antimalarials. This issue has been recently reviewed.88
Chloroquine is considered safe in all trimesters but
is largely ineffective due to widespread resistance.
Quinine is also considered safe in all trimesters;
the regimen of choice for acute malaria in the first
trimester is now quinine + clindamycin, with artesunate + clindamycin as the second line. During
the second and third trimesters, SP, mefloquine,
clindamycin, and the artemisinins are also considered safe. The regimen of choice in the second and
third trimesters is artemisinin-based combination
therapy or artesunate + clindamycin; quinine +
clindamycin is the second-line regimen. For severe
malaria in pregnancy, intravenous artesunate +
clindamycin is the preferred regimen (with quinine + clindamycin as a second choice).25 However,
data on the pharmacodynamics of antimalarials in
pregnancy are scarce.89 AIDS treatment programs
should advocate for the clear definition of appropriate first- and second-line antimalarials for HIVpositive pregnant women.
The pregnant HIV-positive patient who is taking intermittent preventive treatment for malaria
should not receive an SP-based regimen for the
treatment of acute malaria sooner than one month
after the last dose of preventive SP, unless better
options do not exist.

From the ground up: Establishing a Framework for Success

The non-falciparum plasmodia are generally
treated with a combination of chloroquine (to
eradicate blood-stage parasites) and primaquine
(to eradicate hypnozoites), except where drug
resistance has developed. In the presence of chloroquine resistance, local first-line regimens vary,
but may include artemisinin-based combinations,
mefloquine, amodiaquine, or others.
Chloroquine
Thus far, we have been unable to locate reports of
significant adverse drug-drug interactions involving chloroquine and ARVs, although theoretical
concerns exist regarding interactions with ritonavir.78 Interestingly, chloroquine has been observed
to inhibit HIV replication in vitro; this effect is
enhanced in the presence of indinavir, ritonavir,
and saquinavir.90 However, the clinical significance of chloroquine’s anti-HIV activity is as yet
undefined.
Primaquine
Primaquine is contraindicated in pregnancy and
in people with G6PD enzyme deficiency. We have
not yet encountered reports of drug-drug interactions involving primaquine and ARVs. Primaquine
has been used successfully (in combination with
clindamycin) for treatment of Pneumocystis
pneumonia.

Prevention of Malaria in the
HIV-positive Person
Multiple methods exist for the prevention of
malaria in HIV-positive persons, and may be used
singly or in combination.

Insecticide-Treated Bed Nets
The insecticide-treated net (ITN) serves as a
mechanical barrier to mosquitoes and also repels
them through the action of its insecticide. The best

nets are now made of fabric to which insecticide
has been bonded prior to manufacture; the insecticide is released slowly throughout the life of the
net, which does not require retreatment (“dipping”)
with insecticide. In children of unknown (likely
negative) HIV status living in regions of stable P.
falciparum transmission, regular use of ITNs has
been shown to reduce overall mortality and childhood anemia.91-94 In pregnant women, bed nets have
been shown to reduce the overall burden of maternal anemia.95,96 In Uganda, bed nets provided additional antimalarial benefit in HIV-positive adult
patients who were also taking CTX preventively.97
In HIV-positive Ugandan children, ITN use in
combination with CTX prophylaxis was associated
with a 97% reduction in malaria incidence.42 Where
community-level coverage of ITNs is high (about
60% of households), households without bed nets
derive some protection from malaria because of
the insecticidal effect of their neighbors’ nets.98 In
malaria-endemic regions, ITNs should be made
available at the lowest possible price (preferably at
no cost to the end user) to all HIV-positive persons, their family members, and their neighbors.
Mass campaigns appear to be the most efficient
means of achieving high levels of bed-net coverage
quickly and equitably.99

Cotrimoxazole
In cohort studies in sub-Saharan Africa, regular
use of preventive CTX has been shown to reduce
malaria incidence in nonpregnant adults by 72%–
99%.100-102 CTX prophylaxis alone reduced malaria
incidence by 39% in one cohort of HIV-positive
Ugandan children (as noted above, the combination of CTX and ITNs was 97% effective in this
cohort). No parallel studies have yet been conducted in pregnant women, or in regions where
non-falciparum species predominate. The durability of CTX protection against malaria is unknown;
CTX-resistant malaria has been documented, and
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Plasmodium vivax, ovale, malariae

its prevalence is likely to increase in the presence of
long-term drug pressure.103,104

Indoor Residual Spraying
Indoor residual spraying (IRS) with a variety of
insecticides has effectively reduced malaria transmission in a range of settings. For example, IRS
progressively reduced malaria parasitemia prevalence in Mozambique during the first five years of
implementation; the most dramatic reduction in
prevalence was from 65% to 4%.105

Environmental Controls
Environmental controls have included systematic application of larvicides to mosquito breeding grounds, elimination of standing water, and
other methods. Often in combination with IRS,
ITNs, and other strategies for transmission reduction, environmental controls have been an aid to
the effective control of malaria. Using a combined
strategy that included environmental controls,
Eritrea succeeded in reducing estimated malaria
incidence from 6,000 cases per 100,000 population
per year to 1,100 cases per 100,000 between 1998
and 2003.106

Intermittent Preventive Treatment
There are two basic types of intermittent preventive treatment (IPT): IPTp (for pregnant women)
and IPTi (for young children). IPTp, with two or
more treatment doses of an effective antimalarial
(usually SP) given after the first trimester of pregnancy, has been shown to reduce maternal anemia and infant low birth weight in multiple prospective studies in regions of sub-Saharan Africa
where P. falciparum is endemic.107-114 IPTi, which
involves giving treatment doses of antimalarials (often in conjunction with routine childhood
immunizations in children under five), has been
shown to reduce the prevalence of childhood
anemia and the incidence of malaria episodes in
372

some settings (effect sizes have been variable).115
Neither intervention has yet been evaluated in
pregnant women or children taking combination
ART and/or preventive CTX, and few studies have
been conducted in regions where P. vivax transmission predominates. Specific IPTp and IPTi
concerns relevant to the HIV-positive pregnant
woman or child, on or off ARV or CTX therapy,
are discussed below.
IPTp
Multiple studies have concluded that two-dose
regimens of preventive SP (the most common
IPTp regimen) are not as effective in HIV-positive
women as in their HIV-negative counterparts,
probably because HIV infection confers a higher
risk of reinfection after a treatment dose of SP, and
because SP is steadily losing efficacy throughout
sub-Saharan Africa and other regions.114,116 Because
HIV infection may also result in maternal anemia
and infant low birth weight, measuring the impact
of IPTp may be more difficult in these women.
Some authors have concluded that the ideal regimen for the HIV-positive pregnant woman would
consist of three doses of preventive SP after quickening; others have advocated for monthly administration of SP. Several experts have also observed
that new agents are needed to replace SP for the
indication of IPTp.117 Malaria prevention in the
HIV-positive pregnant woman has other complexities beyond the frequency of SP dosing,118 including
the following:
IPTp in the pregnant woman on CTX prophylaxis: CTX alone has been observed to prevent
malaria infection in HIV-positive nonpregnant
adults. However, no study has yet documented the
effect of preventive CTX on incidence of severe
maternal anemia, infant low birth weight, placental
malaria parasitemia, or other obstetrical outcomes.
Because CTX alone is believed to provide protection against malaria, and because the combination
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SP and zidovudine has been previously associated
with increased mortality and anemia.121,122 Further
research is required to characterize the incidence
of myelosuppression in HIV-positive women
receiving zidovudine and SP concurrently. In the
interim, close monitoring of hemoglobin levels—
along with regular use of ITNs—is recommended
for the pregnant woman who is vulnerable both to
malaria and to the adverse effects of zidovudine
and SP.
Role of insecticide-treated bed nets: ITNs have
been shown to reduce maternal anemia, both when
used alone and when used in conjunction with
SP. Indeed, in one randomized controlled trial
of IPTp with SP versus placebo in Mozambican
pregnant women whose ITN use was estimated at
90%, SP conferred little advantage over ITN use
alone.123 ITNs also have the advantage of reducing malaria incidence without causing drug-drug
interactions. Therefore, pregnant women living
in malaria-endemic areas should be urged to use
ITNs nightly, and to continue consistent use even
after delivery. Nets should be made available at the
lowest possible cost to pregnant women and their
neighbors. Ideally, HIV-positive women of reproductive age should begin ITN use well before pregnancy occurs.
IPTp where malaria transmission is unstable
or caused by non-falciparum species: The role
of IPTp in regions where malaria transmission is
unstable, or where P. falciparum species are not
predominant, has not yet been clarified even for
HIV-uninfected women, although one study has
now documented the success of IPTp with chloroquine against maternal P. vivax malaria.124
IPTi
As in the case of IPTp, IPTi has largely been studied in HIV-uninfected individuals or in subjects of
unknown HIV status; hence, it is unclear whether
findings in these populations are generalizable to
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of SP and CTX may result in increased incidence of
toxicity, WHO currently recommends that women
on CTX prophylaxis not receive preventive SP.
However, owing to a lack of coordination between
vertically implemented programs, some countries
still recommend IPTp with SP (through national
malaria control programs) as well as preventive
CTX for HIV-positive pregnant women (through
national AIDS control programs).
Overlapping drug toxicities involving SP and
nevirapine: Nevirapine, when taken daily as a component of combination ART, has been associated
with a substantial incidence of SCAR, particularly
in women with high (greater than 250 cells/mm3)
CD4 lymphocyte counts. For example, the incidence of SJS was 3% in one series of Mozambican
pregnant women taking triple ART.118 Both nevirapine-associated and SP-associated SJS may manifest weeks after initiation of therapy, because of
the long half-lives of these medications. SJS occurring in the pregnant woman who takes nevirapine daily and has had SP within the past month
or so is likely to lead to diagnostic confusion. We
know anecdotally that SJS has occurred in women
on these regimens, but pharmacovigilance data
are as yet inadequate to describe the incidence of
this problem. It should be noted that SJS has not
been documented in pregnant women who receive
single-dose nevirapine to reduce the risk of HIV
transmission to the infant.
Overlapping toxicities involving SP and zidovudine: The salutary effects of IPTp on maternal
hemoglobin may be negated by adverse effects of
antenatal zidovudine. One Mozambican study
observed a severe anemia incidence of 20% in
pregnant women who began daily zidovudine (as
part of a triple-ARV regimen) and who had normal hemoglobins at study inception.119 In contrast,
an Indian study failed to note an increased incidence of severe anemia in pregnant women on
zidovudine monotherapy.120 The combination of

the situation of the HIV-positive child. At present, IPTi is primarily implemented in the research
setting, but it may become more widespread in
the near future. Concerns about IPTi in the
HIV-positive infant or young child include the
following:
CTX prophylaxis and IPTi: As with adults,
daily CTX prophylaxis may provide adequate protection against malaria parasitemia in children,
although this has not been consistently demonstrated in published trials.42,125 It is not clear whether
IPTi would confer any additional advantage over
CTX alone, or the combination of CTX and ITNs.
Where the IPTi regimen consists of SP (with
or without a second agent), children on CTX may
be at increased risk of adverse reactions if SP is
co-administered (as above). However, there are
even fewer data on the incidence of SCAR in HIVpositive children than there are in adults. Where
there is a risk that children on CTX may be stigmatized if their parents or guardians decline SP during
mass campaigns because of concerns about effectiveness or safety, it may be prudent to devise ways
to preserve the confidentiality of HIV-positive or
HIV-exposed infants.
ART and IPTi: Children who are taking daily
combination ART presumably incur risks of
adverse reactions and drug-drug interactions similar to those cited above, but incidence data in this
age group are sparse.
IPTi where malaria transmission is unstable
or caused by non-falciparum species: The role
of IPTi has not yet been clarified where malaria
transmission is unstable, or where P. falciparum is
not the predominant species.

Malaria Vaccines
There is as yet no commercially marketed malaria
vaccine, although some promising candidate vaccines have now reached the clinical trial stage or
are approaching clinical trials.
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Gaps in the Existing Evidence
and Guidelines
People living with HIV comprise an important
and vulnerable subgroup among people exposed
to malaria infection. Carefully conducted studies
have concluded that HIV-positive individuals are
at higher risk of malaria infection, higher risk of
malaria-related complications, higher risk of antimalarial treatment failure, and higher risk of adverse
effects and drug-drug interactions related to at least
some antimalarials, especially if combined with
specific ARVs or ARV classes or with rifampin.
However, few published studies have evaluated the
situation of the HIV-positive person on ART, or the
HIV-positive person at risk of P. vivax or other nonfalciparum infection. No studies have described
validated algorithms for differential diagnosis in
symptomatic HIV-positive persons who are simultaneously at risk for multiple OIs and ADRs whose
signs and symptoms overlap those of malaria. Most
malaria-prevention studies have focused on populations living where malaria transmission is stable,
where P. falciparum is the predominant species,
and where the HIV status of study participants is
unknown or thought to be predominantly negative.
The gaps in the existing data are substantial. Our
own suggested priorities for future research and
policymaking include the following:
1. Description of the effectiveness of daily CTX
prophylaxis for the prevention of malaria and
its complications (including maternal anemia and infant low birth weight) in pregnant
women, people living in regions of unstable
malaria transmission, and people living in
regions where the predominant species of
malaria is not P. falciparum.
2. Description of the effectiveness of common
first- and second-line ART regimens for the
prevention of malaria (asymptomatic, symptomatic, P. falciparum, other species) in HIVpositive individuals.
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9. Tracking of malaria incidence and severity by
HIV treatment programs, just as other important OIs would be tracked.
10. Evaluation of malaria vaccine efficacy in HIVpositive individuals at various disease stages
as soon as clinical trials reach the appropriate
stage.

Guidelines for Prevention,
Diagnosis, and Treatment of
Malaria in the HIV-positive
Person
Based on the evidence cited above and our own
professional judgment, we offer the following
recommendations—which we acknowledge to be
somewhat subjective, given the above-mentioned
gaps in the evidence base—for prevention, diagnosis, and management of malaria in the HIVpositive person residing where malaria transmission occurs.

Prevention
All HIV-positive adults and children living in
regions where malaria is transmitted should be
urged to use ITNs regularly. ITNs should be provided as cheaply as possible, preferably without
cost to the end user. Where HIV prevalence is high,
entire communities or districts should be targeted,
not just individuals. ITNs must be made available
to HIV-positive persons in a manner that does not
stigmatize them; for example, if ITNs are given at
no charge to pregnant women who test positive
for HIV, equivalent nets should also be given to
HIV-uninfected pregnant women and to pregnant
women who have not yet been tested for HIV.
All HIV-positive persons should also be
instructed in household-level methods of environmental control of malaria, such as installment of
window screens and drainage of standing water.
If preventive CTX is medically indicated (based
on HIV disease stage, patient drug allergies, etc.) in

Opportunistic Infections, Cancers, and Coinfections

375

opportunistic infections,
cancers, and coinfections

3. Description of the incidence of specific clinical signs and symptoms and the severity of
malaria in HIV-positive persons living in a
range of malaria-transmission circumstances,
and at different levels of immunosuppression.
Key questions include the following: What is
the actual incidence/prevalence of fever in the
immunocompromised individual with acute
malaria? What is the actual incidence of severe
malaria in patients with WHO stage III or IV
HIV disease?
4. Description of the positive and negative predictive values of common rapid malaria tests
in HIV-positive persons with varying levels of
immunocompromise. (Justification: HIV infection has been associated with increased incidence of false-positive and/or false-negative
reactions to other laboratory tests.126,127)
5. Estimates of the incidence of significant
adverse reactions and drug-drug interactions
in HIV-positive persons who are given common antimalarials in addition to ART, CTX,
and/or anti-TB drugs. Special attention should
be given to the safety profile of artemisininbased combination regimens and common
IPTp and IPTi agents.
6. Development of validated algorithms for the
diagnosis (and exclusion of the diagnosis) of
malaria in HIV-positive persons living in a
range of malaria-transmission circumstances,
and at different levels of immunosuppression.
Of particular importance are guidelines for
management of the HIV-positive patient with
anemia, fever, or headache when laboratory
tests for malaria are negative.
7. Adaptation of WHO staging criteria to include
increased malaria incidence and/or severity as
indicators of immunosuppression.
8. Adaptation of WHO staging criteria to reflect
the apparent effect of acute malaria on CD4
lymphocyte count.

a patient who is at risk for malaria, its use should be
further encouraged. If it is discontinued (because
of ADR or immune reconstitution), the patient
should be advised that malaria risk may increase.
Patients who are on preventive CTX should not
also receive preventive SP or SP-based combination regimens (in the context of IPTi or IPTp).
National and regional HIV/AIDS control
programs should advocate for population-level
reduction of malaria transmission (through IRS,
larvicides, or other means appropriate for the population in question) where both HIV and malaria
are prevalent.

Diagnosis
Because so many other clinical conditions (OIs,
ADRs, IRIS) may resemble malaria, and because
of the importance of avoiding drug-drug interactions and ADRs, presumptive treatment of malaria
in the HIV-positive patient should be actively discouraged where better options are available. This is
particularly important in HIV-positive individuals who use ITNs regularly and receive CTX prophylaxis, as they are at substantially reduced risk
of malaria. AIDS programs should ensure that
HIV-positive persons have ready access to properly
performed microscopy and/or rapid malaria tests.
Patients should be counseled to avoid home treatment with antimalarials where better options exist.
However, if malaria is likely and laboratory testing
is unavailable or considered unreliable, antimalarial treatment should not be withheld, especially
when severe malaria is suspected.
Acute fever should not be the only trigger for
clinical suspicion of malaria. The HIV-positive
patient at risk for malaria who has acute headache,
myalgias, vomiting, or diarrhea; an acute neurologic syndrome (e.g., coma or seizures); pulmonary
edema; severe anemia; jaundice; lactic acidosis; or
other sign of malaria even in the absence of fever,
should be evaluated for malaria.
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HIV programs should coordinate with programs
advocating community-based (or household-
based) presumptive treatment of malaria in order
to devise appropriate policies for the management
of HIV-positive persons.
Where HIV seroprevalence is high but microscopy is unavailable, intensified efforts should be
made to introduce rapid malaria testing to health
facilities and selected community-level health
workers.

Treatment of Malaria
Clinicians who may be confronted with HIV/
malaria coinfection should know which
Plasmodium species is (or are) transmitted locally,
whether the transmission pattern is stable or unstable, and what the local patterns of antimalarial
drug resistance are. Similarly, clinicians should be
familiar with local and WHO policies for IPTp,
IPTi, and diagnosis and treatment of symptomatic
malaria infection.
If malaria infection is confirmed or strongly
suspected (in the absence of laboratory facilities or
in the presence of a negative laboratory result with
no other likely cause of symptoms in the patient at
high risk for malaria), the most effective available
antimalarial should be given in adequate doses
as soon as possible. If two or more regimens of
roughly equivalent effectiveness are available, the
regimen thought safest for the individual (based
on pregnancy status, comorbidities, and concurrent medications, including regimens for IPT)
should be chosen.

Related Policy Considerations
AIDS and malaria programs should collaborate at
the national and international levels to define first-,
second-, and third-line antimalarial regimens that
are appropriate for HIV-positive persons taking
daily CTX prophylaxis, daily combination ARVs,
and/or rifamycin-based anti-TB regimens. Where
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list servers may facilitate this.* We also encourage
AIDS clinicians to report their own experiences
with malaria-HIV coinfection and its treatment, in
order to add to the evidence base that is so urgently
required to confront the dual pandemics more
effectively.
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alternatives to the standard regimens are indicated,
intensified efforts should be made to make the
alternative regimens available to health facilities
that care for HIV-positive patients.
Clinicians should be wary of the possibility of
simultaneous malaria infection and OI, bacteremia, or other illness.
Like episodes of TB and herpes simplex (infections that occur in both healthy and immunocompromised persons, but with substantially higher
incidence in the latter group), episodes of malaria
in HIV-positive persons should be reported on the
standard forms for the monitoring and evaluation
of complications of HIV/AIDS.
Routine monitoring of CD4 lymphocyte counts
should be postponed until several weeks after the
resolution of an episode of symptomatic malaria.
HIV viral load results should be interpreted with
caution in the aftermath of a malaria episode.
We encourage AIDS clinicians working in
malaria-prone environments to follow the malaria
and malaria/HIV literature closely, because the
evidence base for these and other recommendations is changing rapidly. Certain existing e-mail
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S

exually transmitted infections
(STIs) are the second most important cause
of loss of years of healthy life among women.
A 1993 World Bank report estimated that STIs
other than HIV accounted for almost 9% of the
global disease burden in women aged 15 to 45;
they accounted for only 1.5% of the global disease
burden in similarly aged men.1 Globally, the World
Health Organization (WHO) estimates that each
year, 340 million new cases of curable STIs (gonorrhea, syphilis, chlamydia, and trichomoniasis)
occur among sexually active men and women,2
with the majority of these infections occurring in
developing countries. This figure does not include
the millions of viral STIs other than HIV, such
as herpes simplex virus (HSV), hepatitis B virus
(HBV), and human papillomavirus (HPV).
The epidemiology of each STI is different and
is shaped by multiple factors, including sexual
mixing patterns (which may be moderated by
preventive behaviors), the transmissibility of each
pathogen, the duration of infectiousness (which is
affected by access to effective care), demographics, and social conditions.3 For example, viral STIs
are commonly found irrespective of the level of
economic development in a given setting, whereas

bacterial STIs remain the second leading cause of
disease burden among women of reproductive
age in developing countries.3 For both men and
women, STIs are associated with an increased risk
of HIV transmission.4
The association between HIV and other STIs
was first suggested in 1984, with the hypothesis that
the presence of some STIs may facilitate the acquisition of HIV infection.5 Since then, several reviews
have documented the association between HIV and
both ulcerative and nonulcerative STIs.2,3,5-7 Overall
the evidence points to an important bidirectional,
positive relationship between HIV and other STIs.
For instance, HSV type 2 (HSV-2) infection, which
has become the predominant cause of genital ulcer
disease (GUD) in many developing countries, is an
important driver of the HIV epidemic in some settings. (For more on this topic, see the chapter entitled “HSV-2 Treatment Interventions to Control
HIV: Hope for the Future?”)
STIs can give rise to significant complications. For
example, HPV and sexually transmitted HBV infection can result in malignancies of the cervix and liver,
respectively. Several STIs can also affect pregnancy
outcomes or the health of newborns. For example,
untreated early syphilis results in a stillbirth rate of
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25%, as well as a perinatal mortality rate of approximately 20%.6 Finally, reproductive tract infections
can result in infertility, which may have significant
social repercussions. The sections that follow detail
each major STI, including its diagnosis, treatment,
and management considerations for women living
with HIV. (Note: HPV and HBV are not included, as
they are covered elsewhere in this publication.)

Cervicitis
Chlamydia trachomatis is the most common bacterial STI worldwide.3 Cervicitis due to chlamydia
generally affects women younger than 25 years
of age. Asymptomatic infection is common, leaving women at risk for chlamydia-related morbidity through complications of pelvic inflammatory
disease (PID), including chronic pelvic pain, ectopic pregnancy, and infertility. When symptoms of
cervicitis exist, they are generally mild and may
include an abnormal vaginal discharge or intermenstrual bleeding. Women with cervicitis may
have a subclinical upper tract infection and should
be assessed for signs of PID. Infection with C. trachomatis in men and women may be complicated
by conjunctivitis or reactive arthritis. Neonates
exposed to the mother’s infected cervix may
develop conjunctivitis or pneumonia; thus, a chlamydial etiology should be considered for all infants
aged 30 days or less who have conjunctivitis. Risk
factors associated with cervicitis include age under
21 years, being unmarried, having more than one
sexual partner within three months, having a new
sexual partner in the prior three months, having a
current partner with an STI, and having a partner
who recently used condoms.7
Diagnosis of Cervicitis
Cervicitis is characterized by the following diagnostic signs: (1) a purulent or mucopurulent endocervical exudate visible in the endocervical canal or on
an endocervical swab specimen, and (2) sustained
388

endocervical bleeding easily induced by gentle passage of a cotton swab through the cervical os. Vaginal
discharge is poorly predictive of cervical infection.
Leukorrhea (>10 white blood cells [WBCs] per
high-power field on microscopic examination of
vaginal fluid) has been associated with chlamydial and gonococcal infection of the cervix; when
trichomoniasis is not found, this may be a sensitive
indicator of cervical inflammation with a high negative predictive value in the absence of inflammatory
vaginitis.8-10
Because microscopy is time consuming and
requires special training, its use is generally not recommended at the primary-care level in resourcelimited settings. However, if Gram staining can
be performed efficiently, as in a referral clinic, it
should be performed when women present with
vaginal discharge. The most sensitive and specific
test available for C. trachomatis is nucleic acid
amplification testing (NAAT), which can be performed on vaginal, cervical, or urine samples.11
Other laboratory tests, including culture, direct
immunofluorescence, enzyme immunoassay (EIA),
and nucleic acid hybridization tests, are available
for detection of C. trachomatis on endocervical
specimens. However, as with NAAT, their use in
resource-limited settings is restricted by cost, time,
and technical expertise.11 When laboratory testing
is not available, risk assessment should be performed among women presenting with discharge
and should be used, along with knowledge of local
prevalence of gonorrheal and chlamydial infections, when deciding whether to treat.
Treatment of Cervicitis
Coinfection with C. trachomatis frequently occurs
among patients who have gonococcal infection.
Such patients should be presumptively treated for
chlamydia. Recommended regimens for chlamydia
cervicitis are doxycycline 100 mg orally twice daily
for 7 days, or azithromycin 1 g orally in a single
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Chlamydia Infection in Pregnancy
In pregnant women, chlamydia infection has been
associated with a number of adverse outcomes,
including increased risk of ectopic pregnancy,
preterm delivery, spontaneous abortion, low birth
weight, premature rupture of membrane, perinatal mortality, and postpartum endometritis.12-18 In
a cohort study, Ryan et al19 showed an increased
risk in the incidence of premature rupture of membranes in patients with positive chlamydia cultures
who did not receive treatment, as compared with
patients with negative chlamydia cultures. Cohen
et al20 demonstrated that patients with chlamydia
who were successfully treated had a lower risk of
premature rupture of membranes than those who
were treated but had either persistent or recurrent
chlamydia at the end of pregnancy.
Doxycycline (and other tetracyclines), ofloxacin, and levofloxacin are contraindicated in pregnant women. However, data suggest that azithromycin is safe and effective in pregnancy.21-23 Test
of cure three weeks after completion of therapy is
recommended for all pregnant women, especially
considering the potential sequelae in the mother
and neonate if infection persists. Erythromycin
estolate is contraindicated during pregnancy
because of drug-related hepatotoxicity; therefore,
only erythromycin base or erythromycin ethylsuccinate should be used.

Chlamydia Infection in the Setting of
HIV Infection
As previously mentioned, chlamydia infection in
pregnancy has been associated with premature
rupture of membranes. Although chlamydia infection itself has not been directly associated with an
increased risk of perinatal HIV transmission, several studies have demonstrated an increased risk of
perinatal transmission with increased duration of
ruptured membranes.24-27 Treatment regimens for
HIV-positive women are not different from those
for HIV-negative women.

Lymphogranuloma Venereum
Infection with C. trachomatis serotypes L1, L2, and
L3 results in the invasive disease lymphogranuloma venereum (LGV). At the site of inoculation,
a self-limited papule or genital ulcer may occur.
Among heterosexuals, typical presentation of LGV
involves unilateral tender inguinal and/or femoral
lymphadenopathy (buboes). Rectal exposure results
in proctocolitis, with symptoms of mucoid and/or
hemorrhagic rectal discharge, anal pain, constipation, fever, and/or tenesmus. Untreated LGV proctocolitis progresses to chronic colorectal fistulas and
strictures, and genital lesions may result in genital
elephantiasis; either condition may result in secondary bacterial infections. Coinfection with other
STIs is not uncommon. LGV is endemic in parts
of Africa, Asia, South America, and the Caribbean,
though it is rare in industrialized nations. Its epidemiology is not well defined because its clinical presentation overlaps with other causes of genital ulcer
disease with bubo formation; therefore, definitive
laboratory diagnosis is difficult.28
Diagnosis of LGV
Diagnosis of LGV is generally based on clinical
features, epidemiology, and the exclusion of other
diagnoses. Swabs of ulcers or aspiration of buboes
may be tested for C. trachomatis by culture, direct
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dose. Alternative regimens include erythromycin
base 500 mg orally four times a day for 7 days, erythromycin ethylsuccinate 800 mg orally four times a
day for 7 days, ofloxacin 300 mg orally twice a day
for 7 days, or levofloxacin 500 mg orally once daily
for 7 days. Sex partners should be evaluated, tested,
and treated if they have had sexual contact with the
patient during the 60 days preceding onset of symptoms in the patient or diagnosis of chlamydia. The
most recent sex partner should be evaluated and
treated, regardless of the time of last sexual contact.

immunofluorescence, or nucleic acid detection
where available. However, specific LGV diagnostic
testing is not feasible in resource-limited settings,
where LGV is most prevalent.
Treatment of LGV
Treatment of choice is doxycycline 100 mg orally
twice daily for 21 days. Azithromycin 1 g daily
for 21 days has been proposed as a therapeutic
alternative as well, though data on its efficacy are
lacking. Patients with a clinical syndrome consistent with LGV in the appropriate epidemiologic
setting should receive treatment in the absence
of diagnostic testing. Buboes should be aspirated
through healthy skin to prevent the formation
of ulcerations. Incision and drainage or excision
of nodes may delay healing, and sequelae, such
as strictures or fistulae, may require surgery.
Erythromycin base 500 mg orally four times
daily for 21 days is an alternative regimen and is
the treatment of choice for pregnant or lactating
women, as tetracyclines are contraindicated in
pregnancy. Patients who have had sexual contact
with a person with LGV within 60 days before
onset of the patient’s symptoms should be examined, tested for urethral or cervical chlamydial
infection, and treated with a standard chlamydia
regimen, such as azithromycin 1 g single-dose
orally or doxycycline 100 mg orally twice a day
for 7 days.
LGV in the Setting of HIV Infection
Treatment for HIV-positive people with LGV
remains the same as for HIV-negative people,
although prolonged therapy may be required.
Symptoms may resolve more slowly than in those
who are HIV negative.

Gonorrhea
Gonorrhea is caused by Neisseria gonorrhoeae, a
Gram-negative diplococcus. Infections in men are
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typically symptomatic and include a purulent urethral discharge associated with dysuria. Among
women, gonorrhea is a major cause of cervicitis,
urethritis, and PID. The presence of a gonococcal infection does not usually produce symptoms
until complications, such as PID, occur. Other
complications from gonorrhea in women include
tubal scarring, which is a major cause of infertility and/or ectopic pregnancy. Gonorrhea can also
cause accessory gland infection (Skene’s gland,
Bartholin’s gland) that is often unilateral. An additional unique manifestation in women is gonococcal perihepatitis (Fitz-Hugh-Curtis syndrome),
which is associated with inflammation of the liver
capsule. Finally, women can acquire gonorrhea in
the anorectal area.
Other manifestations seen in both men and
women include pharyngeal infection, conjunctivitis, and disseminated gonococcal disease. Delivery
through an infected birth canal can result in ophthalmic and respiratory disease in the newborn.
Although the disease’s clinical manifestations are
broad, community surveys suggest that there is a
substantial pool of asymptomatic N. gonorrhoeae
among men and women.29,30
Diagnosis of Gonorrhea
The diagnosis of gonorrhea can be made by several
laboratory methods, including the following:
• Gram stain on a smear of genital discharge
• Culture on selective media
• Nonamplified tests, such as EIA, DNA probe,
or direct fluorescent antibody (DFA)
• Amplified tests, such as polymerase chain reaction (PCR) or ligase chain reaction (LCR)
Treatment of Gonorrhea
It is generally accepted that the treatment for gonorrhea should be safe, highly effective, single dose,
and affordable. Single-dose oral therapies improve
compliance; given the large number of patients who
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Gonorrhea in the Setting of HIV Infection
Little has been published regarding the presentation or response to gonorrhea treatment in patients
with HIV disease. There are no data to suggest that
the complications of gonorrhea are more common among patients living with HIV than in those
who are HIV negative, nor does there appear to
be an altered natural history in the setting of HIVinduced immunosuppression.32 As with other
inflammatory STIs, the presence of gonorrhea can
increase the risk of sexual transmission of HIV.
Thus, people with gonorrhea should receive HIV
counseling and testing.

Trichomoniasis
Trichomoniasis is caused by the protozoan
Trichomonas vaginalis. Symptoms of trichomoniasis in women include a diffuse, malodorous,
yellow-green vaginal discharge with vulvar irritation. However, some women have minimal or
no symptoms. Trichomoniasis is a risk factor for
development of posthysterectomy cellulitis, tubal
infertility, and cervical neoplasia.33-37
Several studies have investigated the prevalence of
trichomoniasis among women in Africa. Buvé et al38
performed a cross-section study in four African cities—two with a high prevalence of HIV infection
(Kisumu, Kenya, and Ndola, Zambia) and two with
a relatively low prevalence of HIV (Cotonou, Benin,

and Yaoundé, Cameroon). They found that the prevalence of trichomoniasis was significantly higher in
the high-HIV-prevalence cities (29.3% in Kisumu
and 34.3% in Ndola) than in Cotonou (3.2%) and
Yaoundé (17.6%). Surprisingly, in Ndola, a high
prevalence (40%) of trichomoniasis infection was
found in women who denied having ever had sex.
In a study conducted among 5,221 women in rural
areas of eastern Zimbabwe, antibodies to T. vaginalis
were detected by EIAs, and 516 (9.9%) women were
seropositive for T. vaginalis, with increasing seroprevalence seen with age among younger women.39
A population-based study of a village population in
Tanzania found that T. vaginalis vaginitis was the
most common reproductive tract infection among
participants aged 15 to 44 years (24.7%).40
Diagnosis of Trichomoniasis
Diagnosis of vaginal trichomoniasis is usually performed by microscopy of vaginal secretions, requiring immediate evaluation of wet preparation slide
for optimal results. Sensitivity of wet prep is in the
range of 60%-70%.41 Culture of vaginal secretions is
the most sensitive and specific commercially available method of diagnosis. It should be performed
when trichomoniasis is suspected yet unconfirmed
using microscopy. PCR testing for T. vaginalis may
be available through commercial laboratories.
Several point-of-care diagnostic assays are available
for diagnosis of trichomoniasis in women, including OSOM Trichomonas Rapid Test, an immunochromatographic capillary flow dipstick technology, and Affirm VPIII, a nucleic acid probe test
that evaluates for T. vaginalis, Gardnerella vaginalis, and Candida albicans. Both tests are performed
on vaginal secretions and tend to be more sensitive
than wet prep, with a sensitivity greater than 83%
and a specificity greater than 97%.42 The results of
the OSOM Trichomonas Rapid Test are available in
approximately 10 minutes, whereas results of the
Affirm VPIII are available within 45 minutes. False
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are treated but who get reinfected, safety remains
an important concern.
The standard approach to therapy has been
to treat both N. gonorrhoeae and C. trachomatis,
because patients are often coinfected. The standard
of care in high-income countries has been to use
cephalosporins or quinolones. However, the recent
widespread emergence of quinolone-resistant
N. gonorrhoeae (QRNG) infection has resulted in
more stringent treatment therapies, thus reducing
the options for oral treatment.31

positives may occur in both, particularly in lowprevalence populations.
Treatment of Trichomoniasis
Treatment of choice is a single 2 g dose of oral
metronidazole or tinidazole. Treatment of sex
partners of patients with trichomoniasis is recommended. Patients should be instructed to avoid sex
until therapy has been completed and symptoms
have resolved for both the patients and partner(s).
Although low-level metronidazole resistance has
been identified in 2% to 5% of vaginal trichomoniasis cases, high-level resistance is rare. Use of topically applied antimicrobials (such as metronidazole
gel) are not recommended, as they are unlikely to
achieve therapeutic levels in the urethra or perivaginal glands. Cure rates using metronidazole gel
are less than 50%, which is considerably less efficacious for the treatment of trichomoniasis than
oral preparations of metronidazole (cure rates of
90%-95%) or tinidazole (86%-100%).41 In cases of
treatment failure with 2 g oral metronidazole, once
reinfection has been excluded, options include oral
metronidazole 500 mg twice daily for seven days or
single-dose tinidazole 2 g. Patients who fail these
regimens may be treated with a five-day course of
2 g daily metronidazole or tinidazole.
Trichomoniasis during Pregnancy and Lactation
Adverse pregnancy outcomes, such as premature rupture of membranes, preterm delivery, and low birth
weight, have been associated with T. vaginalis vaginitis.43 Treatment of vaginal trichomoniasis in pregnancy may prevent respiratory or genital infection of
the newborn. However, a reduction in perinatal morbidity with treatment has not been found. Several
studies have suggested an association between metronidazole treatment and low birth weight or prematurity,44,45 and some recommend deferring therapy in
asymptomatic pregnant women until after 37 weeks’
gestation.46 Treatment with 2 g metronidazole in a
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single dose may be offered after a discussion with
the patient of the potential risks and benefits of treatment. Metronidazole is pregnancy category B, while
tinidazole is pregnancy category C; the safety of
tinidazole in pregnancy has not been evaluated. For
women who are lactating, interruption of breastfeeding is recommended during treatment and for 12 to
24 hours after the last dose if using metronidazole
and for three days after the last dose for tinidazole.
Trichomoniasis in the Setting of HIV Infection
Patients living with HIV who have trichomoniasis
should receive the same treatment regimen as those
who are HIV-negative. The incidence, persistence,
and recurrence of trichomoniasis in HIV-positive
women are not correlated with immune status.47-50 A
prospective study conducted in women in Mombasa,
Kenya, suggested that trichomoniasis was associated
with an increased incidence of HIV infection.51

Syphilis
Syphilis emerged in Europe in the Middle Ages, probably related to the confluence of multiple endemic
treponemal infections. Syphilis results from infection by Treponema pallidum, a corkscrew-shaped
bacteria whose inoculation occurs via microscopic
abrasions of the skin or mucous membranes, almost
always via sexual contact. A high prevalence of the
disease is found in resource-limited settings, as well
as among men who have sex with men in urban centers of high-income countries.52 Notably, the collapse
of Eastern Europe’s public-health system following
the end of the Soviet Union spurred an epidemic of
congenital syphilis.53
Primary syphilis typically presents as a solitary
chancre, a painless lesion that progresses from a
macule to papule to ulcer. The chancre represents
the bacteria’s site of entry. Multiple chancres are
present in up to 40% of primary syphilis cases.
Chancres typically occur on the penis or perineum
of men and in the vagina of women, with painless
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Diagnosis of Syphilis
No culture is available for syphilis. In primary,
secondary, and early congenital syphilis, darkfield examination is the quickest and most direct
laboratory method of establishing the diagnosis.
Nonetheless, dark-field examination has several
disadvantages—namely, it requires a specialized
microscope condenser and lens and an experienced
microscopist. In addition, it must be read immediately, as motility is important to identify. Given these
challenges, the diagnosis is typically established via

serologic tests, which fall into two primary categories: nontreponemal and treponeme specific.
Nontreponemal assays include commonly used
tests such as the rapid plasma reagin (RPR) and
the Venereal Disease Research Laboratory (VDRL)
tests and are typically used to screen for past or
present syphilis infection. They are also useful in
evaluating the efficacy of syphilis therapy, as well
as determining the likelihood of reinfection. Any
positive nontreponemal test must be confirmed
with a treponeme-specific assay, as biologic falsepositive reactions can occur for a variety of reasons, including HIV infection, pregnancy, or other
spirochete infections. False positives can also occur
in individuals with a history of injection drug use.
Treponeme-specific assays are typically used
to confirm a syphilis diagnosis in a patient with a
reactive nontreponemal assay. Thus, they are used
to reduce the likelihood of a biologic false-positive
RPR or VDRL test. Commonly used assays include
the fluorescent treponemal antibody (FTA)
absorption test, T. pallidum particle agglutination
assay (TPPA), and microhemagglutination assay
(MHA-TP), or an IgG EIA.
Treatment of Syphilis
Penicillin remains the drug of choice for treating
syphilis at all stages. Doxycycline is an alternative
for penicillin-allergic patients. However, there is
no alternative to penicillin therapy for pregnant
women and people with neurosyphilis. Primary,
secondary, and early latent syphilis are generally
treated with one dose of penicillin G benzathine
(2.4 million units intramuscularly). Patients with
late latent disease should be provided three weekly
doses of 2.4 million units of intramuscular penicillin G (7.2 million units total). The efficacy of
nonpenicillin regimens (e.g., doxycycline and tetracycline) in HIV-positive individuals has not been
well studied and must be considered with caution.
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inguinal lymphadenopathy. Thus, women often are
not aware of the disease at this stage. The chancre
resolves spontaneously within three to six weeks,
signaling the end of the disease’s primary stage.
After hematogenous dissemination, generalized
or local skin and mucous membrane eruptions can
occur and are often accompanied by generalized
lymphadenopathy, signaling the onset of secondary syphilis. Although the rash of secondary syphilis is not specific in appearance, it is notably nonpruritic. Classically, it involves the palms of the
hands and soles of the feet.
The host immune response plays a key role in
early disease, though it often does not completely
eradicate the infection. The subsequent latent period
is characterized by a lack of clinical manifestations.
Latent syphilis is the presence of positive serology in
the absence of clinical disease. Early latent disease is
syphilis of less than one year in duration, whereas
late latent is defined as disease acquired more than
one year prior to the diagnosis of latency. One-third
of infections will typically resolve, with no evidence
of disease and with negative serology. Another third
will continue to have positive serology with no signs
or symptoms of the disease. The final third will go
on to develop tertiary syphilis, which can present
with a variety of chronic illnesses, including granulomatous lesions of the skin, as well as cardiovascular and neurological disease.54

There is no test of cure available for syphilis.
Response to therapy is defined as resolution of
clinical signs and symptoms (if present) and a twodilution (i.e., fourfold) decrease in a nontreponemal serologic titer.
Syphilis in Pregnancy
Syphilis can be transmitted from the mother to
the fetus at any stage of maternal infection, though
the risk is higher in mothers with more recently
acquired syphilis. It appears that the risk of fetal
infection is greatest if disease is acquired late in
pregnancy. Children born with congenital syphilis have a wide range of clinical findings, including
dermatologic abnormalities, hepatosplenomegaly,
osteochondritis, and a variety of central nervous
system abnormalities. Most important, pregnancies
in women with syphilis may result in stillbirths.
Data on coinfections with syphilis and HIV at
the time of pregnancy are limited. Two prospective studies found no clinical differences in presentation, disease course, and response to therapy,
though there was a lag in serological improvement
after therapy in patients living with HIV.55,56 A
retrospective analysis, however, did find a higher
treatment failure among HIV-positive pregnant
women.57 Currently, there are insufficient data to
recommend a specific regimen for HIV-positive
pregnant women,58 although some recommend a
longer course of treatment for these patients.
Syphilis in the Setting of HIV Infection
Although reports are somewhat contradictory, an
altered natural history of syphilis has been reported
in the setting of HIV disease. For example, an early
study noted rapid progression from early syphilis
to neurosyphilis in HIV-positive patients, some
of whom received appropriate therapy for early
syphilis.59 A subsequent study, however, reported
no association between HIV stage and syphilis progression or treatment failure.60
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Primary syphilis may have a more aggressive
presentation in people living with HIV. For example, multiple chancres, which occur in only 25% of
primary syphilis cases, appear to be more common
in people living with HIV.61
No significant differences have been noted in
the progression to secondary or latent syphilis in
the setting of HIV disease. However, rapid progression from the primary chancre to gummatous
lesions has been observed in some HIV-positive
individuals.62 Other potentially early manifestations of tertiary syphilis in HIV-positive individuals include aortitis63 and neurosyphilis, as noted
previously.
The diagnosis of syphilis in HIV-positive individuals does not differ significantly from that in
HIV-negative individuals. Both nontreponemal
and treponemal tests are accurate and reliable for
diagnosis and for response to treatment. However,
recent studies suggest that patients with HIV may
respond less well serologically.59 Thus, titers may
decline more slowly than in patients without HIV
infection when treated for early syphilis. Given the
reports of rapid progression of syphilis in the setting of HIV infection, a cerebrospinal fluid (CSF)
evaluation is recommended in patients with syphilis of unknown duration or in cases greater than
one year in duration.
Recommended treatment regimens for each
stage of syphilis remain the same, regardless of
HIV infection status. However, because treatment
failures with the current recommended regimens
have been reported in HIV-positive patients,
close follow-up is necessary for all those who are
HIV positive, regardless of the treatment regimen
used.59 Finally, recent data suggest that syphilis in
HIV-positive individuals can increase serum HIV
load, with a resultant decrease in CD4 count; however, these parameters do improve with standard
syphilis therapy.64,65
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Both herpes simplex virus 1 and herpes simplex virus 2 (HSV-1 and HSV-2) infect the anogenital area, with HSV-2 causing most episodes
of recurrence. Genital herpes typically presents
as prodromal local pruritus and paresthesia,
followed by a red macule and vesicles, which
subsequently ulcerate. Most patients with genital HSV have undiagnosed disease, only recognizing disease after they have been educated on
the spectrum of presentations. Nonetheless, unrecognized HSV infection can cause serious disease in
patient contacts, including primary disease, meningitis, erythema multiforme, and neonatal herpes.
The prevalence of HSV-2 is higher in some
regions than in the United States. Recent studies suggest that the overall prevalence of HSV-2
in the United States is approximately 17%,
somewhat lower than previous studies have
suggested.66 However, HSV-2 prevalence rates
among the adult general populations of subSaharan Africa range from 30% to 80% in women
and from 10% to 50% in men.67 Likewise, HSV-2
prevalence rates among women in Central and
South America range from 20% to 40%, and in
low-income Asian countries, from 10% to 30%.68
Worldwide, HSV-2 seropositivity is uniformly
higher in women than in men and increases with
age. In general, HSV-2 seroprevalence is high in
populations that have a high risk of acquiring
other STIs, such as in populations of STI clinic
attendees and sex workers. For example, some
studies from African countries report greater
than 80% HSV seropositivity among sex workers.68 In the United States, HSV-2 is the most
common cause of genital ulcers.69
Diagnosis of Genital Herpes
Genital infections due to HSV typically present as
multiple painful ulcers. Primary HSV infection follows an incubation period of two to four days and

is often accompanied by painful regional lymphadenopathy. Urethritis can also be present, presenting as dysuria and a clear urethral discharge. Other
findings include a sacral radiculopathy and urinary
retention. Diagnosis is confirmed by fluorescent
antibody staining and culture of swabs. Lower yields
on culture occur once the lesions have crusted over.
Treatment of Genital Herpes
Acyclovir, valacyclovir, and famciclovir are all
recommended and can shorten the duration of
pain, systemic symptoms, and viral shedding in
initial HSV infections. Acyclovir, the least expensive option, is taken at a dose of 400 mg orally
three times daily. Although famciclovir and valacyclovir have less frequent dosing (see Table 1), they
are more expensive. The regimen for HIV-positive
individuals is the same as for those who are HIVnegative. There is no consensus about the use of
long-term suppressive therapy for HSV in HIVpositive individuals.32
Genital Herpes in the Setting
of HIV infection
Genital HSV disease in individuals with advanced
HIV infection can be severe, producing disfiguring disease that responds slowly to therapy.
These severe ulcerative lesions typically appear in
patients with very low CD4 counts. Infection with
acyclovir-resistant HSV occurs uncommonly; it is
almost exclusively limited to HIV-positive individuals, primarily due to strains that are thymidine-kinase deficient. Therapy with intravenous
foscarnet can be used in these situations.70 Many
additional studies have shown an association
between prevalent and incident HSV-2 infection
and the risk of HIV acquisition.71 HSV-2 has been
associated with high amounts of HIV-1 in plasma
and genital secretions,72 suggesting that HIV replication can be reduced with antiviral therapy
directed solely at HSV-2.
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Table 1. Treatment of Sexually Transmitted Infections
Infection

Recommended Regimens

Alternative Regimens

Cervicitis

Doxycycline 100 mg orally twice daily for 7 days
or
Azithromycin 1 g orally in a single dose

Erythromycin base 500 mg orally
4 times daily for 7 days
or
Erythromycin ethylsuccinate 800 mg
orally 4 times daily for 7 days
or
Ofloxacin 300 mg orally twice daily for
7 days
or
Levofloxacin 500 mg orally once daily
for 7 days

Lymphogranuloma
venereum

Doxycycline 100 mg orally twice daily for 21 days

Azithromycin 1 g daily for 21 days
or
Erythromycin base 500 mg orally
4 times daily for 21 days

Neisseria gonorrhoeae
Gonnorrhea

Ceftriaxone 125 mg intramuscular (IM) in a single
dose
or
Cefixime 400 mg orally in a single dose
or
Ciprofloxacin orally in a single dose*
or
Ofloxacin 400 mg orally in a single dose*
or
Levofloxacin 250 mg orally in a single dose*
and
Treatment for chlamydia if chlamydial infection is
not ruled out

Spectinomycin 2 g IM in a single dose

Trichomonas vaginalis
Trichomoniasis

Metronidazole or tinidazole 2 g orally in a single
dose

Metronidazole 500 mg orally twice daily
for 7 days

Chlamydia trachomatis

Treponema pallidum (syphilis)
Primary, secondary,
and early latent syphilis

Penicillin G benzathine 2.4 million units IM single
dose

Late latent syphilis,
latent syphilis of
unknown duration, or
tertiary syphilis

3 doses of penicillin G benzathine 2.4 million units
IM each at 1-week intervals (7.2 million units total)

Neurosyphilis

Aqueous crystalline penicillin G 18–24 million units
per day, administered as 3–4 million units IV every
4 hours or continuous infusion, for 10–14 days

Procaine penicillin 2.4 million units IM
once daily
and
Probenecid 500 mg orally 4 times
daily—both for 10–14 days if compliance ensured

*Quinolones should not be used in areas of high quinolone-resistant Neisseria gonorrhoeae prevalence.
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Table 1. Treatment of Sexually Transmitted Infections (cont.)
Infection

Recommended Regimens

Alternative Regimens

First clinical episode

Acyclovir 400 mg orally 3 times daily for 7–10 days
or
Acyclovir 200 mg orally 5 times daily for 7–10 days
or
Famciclovir 250 mg orally 3 times daily for 7–10 days
or
Valacyclovir 1 g orally twice daily for 7–10 days

Recurrent episodes

Acyclovir 400 mg orally 3 times daily for 5 days
or
Acyclovir 800 mg orally twice daily for 5 days
or
Acyclovir 800 mg orally 3 times daily for 2 days
or
Famciclovir 125 mg orally twice daily for 5 days
or
Famciclovir 1 g orally twice daily for 1 day
or
Valacyclovir 500 mg orally twice daily for 3 days
or
Valacyclovir 1 g orally once daily for 5 days

Suppressive therapy

Acyclovir 400 mg orally twice daily
or
Famciclovir 250 mg orally twice daily
or
Valacyclovir 500 mg orally once daily
or
Valacyclovir 1 g orally once daily

Calymmatobacterium
granulomatis
Granuloma inguinale
(donovanosis)

Azithromycin 1 g weekly for at least 3 weeks and
until all lesions have healed

Haemophilus ducreyi
Chancroid

Azithromycin 1 g orally in a single dose
or
Ceftriaxone 250 mg IM in a single dose
or
Ciprofloxacin 500 mg orally twice daily for 3 days
or
Erythromycin base 500 mg orally 3 times daily for
7 days

opportunistic infections,
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Herpes simplex viruses (Genital herpes)

Ciprofloxacin 750 mg orally twice daily
for at least 3 weeks and until all lesions
have healed
or
Erythromycin base 500 mg orally
4 times daily for at least 3 weeks and
until all lesions have completely healed
or
Trimethoprim-sulfamethoxazole 1
double-strength (160 mg/800 mg) tablet
orally twice daily for at least 3 weeks
and until all lesions have completely
healed
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Granuloma Inguinale (Donovanosis)
Granuloma inguinale, also known as donovanosis, typically causes painless genital ulcers that
bleed readily to the touch. The etiologic agent
is Calymmatobacterium granulomatis, a Gramnegative pleomorphic bacterium. However, it has
been proposed that C. granulomatis should be reclassified with the genus Klebsiella based on phylogenetic similarities.73 Donovanosis is typically found
in marginalized populations in diverse settings in
Africa, South Asia, and New Guinea. Indeed, the
largest epidemic was reported in Papua New Guinea;
between 1922 and 1952, 10,000 cases were identified in a population of 15,000.74 Although recent
data are unavailable, older data suggest that between
1989 and 1990, donovanosis was the second most
common cause of GUD (after HSV-2) in Papua
New Guinea.75 A donovanosis epidemic emerged in
Durban, South Africa, during the late 1980s. In one
study conducted there among women presenting
with a genital ulcer, Donovan bodies were identified
in 16% of the women.76 More recent reports suggest
that the epidemic in Durban peaked in 1997.77
The incubation period for donovanosis is
poorly defined and has been reported to be as long
as 360 days.77 Experimental lesions induced in
humans occurred approximately 50 days following
inoculation. Thus, 50 days probably represents a
more accurate incubation period.78 Manifestations
typically begin as a firm papule or subcutaneous
nodule that ulcerates. Typically, the nodule evolves
into one of four types of disease:
• Ulcero granulomatous, the most common type,
appears as beefy, red, nontender ulcers that
bleed readily to the touch
• Hypertrophic or verrucous ulcers with an irregular edge; often dry
• Necrotic, foul-smelling deep ulcers.
• Dry, sclerotic, or circular lesions with fibrous
and scar tissue
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The genital region is affected in 90% of cases, with
the remaining occurrences in the inguinal area.
Diagnosis of Donovanosis
The diagnosis is typically made by identifying
intracellular Donovan bodies within large mononuclear cells. Tissue for such studies usually comes
from smears obtained directly from tissue or biopsies. PCR testing has been used, but is not widely
available in resource-limited settings.79
Treatment of Donovanosis
Azithromycin is currently the treatment of
choice. The Centers for Disease Control and
Prevention (CDC) recommends 1 g weekly for at
least three weeks or until all lesions have healed.
Other antibiotics that have been used include
cotrimoxazole, erythromycin, and ciprofloxacin.
The doses of these therapeutic alternatives are
noted in Table 1.
Donovanosis in the Setting of HIV Infection
Given the relationship between genital ulcer disease and HIV acquisition, reports have emerged
that HIV transmission is increased in the setting of donovanosis. For example, rates of HIV
increased dramatically in Durban, South Africa,
during the donovanosis outbreak.80 As yet, there is
no evidence of a significant bidirectional impact
on the natural history of either donovanosis or
HIV in the setting of both infections. However,
ulcers secondary to donovanosis have been
reported to have a longer duration to resolution
in HIV-positive individuals, 81 and case reports
have suggested failure to respond to conventional
treatment in Brazil.77 Nonetheless, most authorities recommend no difference in the standard
of care in HIV-positive patients diagnosed with
granuloma inguinale.
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Chancroid is an acute infection that presents as
deep genital ulcerations accompanied by inguinal adenopathy and buboes. The etiologic agent is
Haemophilus ducreyi, a Gram-negative coccobacillus. A tender papule may develop five to seven
days after infection, followed by progression to the
pustular stage. These pustules can rupture two to
three days later, forming painful, shallow ulcers
with granulomatous bases and purulent exudates.
Lesions typically occur on the vulva, cervix, and
perianal area of women.
Chancroid frequently coexists with other STIs.
It occurs sporadically in high-resource settings,
but remains endemic in resource-limited areas.82
In urban areas, it is often associated with commercial sex work. For example, in a study of female sex
workers in Nairobi, the prevalence of genital ulcers
ranged from 5% to 25%, and H. ducreyi could be
cultured from about half the ulcers.83
Diagnosis of Chancroid
Diagnosis requires special culture media that are
not widely available. Even when such diagnostic resources are used, the sensitivity of culture is
less than 80%. Thus, the diagnosis is often made
by exclusion, assuming that the following criteria
are met:
• One or more painful genital ulcers
• No evidence of T. pallidum infection by darkfield examination of the ulcer exudate or by
a serologic test for syphilis performed at least
seven days after the onset of ulcers
• Clinical presentation of genital ulcers and
regional lymphadenopathy
• Negative test for HSV on the ulcer exudate
Several DNA-amplification techniques have
been developed. However, these require access to
specialized laboratories that are often not available
in the regions where chancroid is most prevalent.

Treatment of Chancroid
Effective treatment of chancroid cures the infection
and prevents transmission to others. If buboes are
large and painful, they may require drainage by aspiration. Recommended antibiotics include azithromycin 1 g orally in a single dose or ceftriaxone 250 mg
intramuscularly (IM) in a single dose. Dosages for
alternative therapies are listed in Table 1.
Chancroid in the Setting of HIV Infection
The effect of coexisting HIV infection on the natural history of chancroid is unclear. Some data suggest that HIV-positive individuals have increased
numbers of genital ulcers, which may not heal as
fast as in patients without HIV disease.84 In addition, chancroid ulcers contain CD4 lymphocytes,
which may increase the susceptibility of an individual with chancroid to subsequent infection by
HIV.85 Of further concern, some reports state that
single-dose therapy is associated with reduced healing of genital ulcers and persistence of H. ducreyi
in the lesions in the presence of HIV disease.86

Pelvic Inflammatory Disease
Pelvic inflammatory disease (PID) refers to a spectrum of inflammatory disorders of the upper genital
tract in women. It may involve the uterus, oviducts,
and ovaries, as well as neighboring pelvic organs. PID
may include any combination of endometritis, salpingitis, oophoritis, tubo-ovarian abscess, perihepatitis, and pelvic peritonitis. Most commonly, PID is
caused by an STI, though it may also be caused by
medical procedures, pregnancy, or other primary
abdominal processes. Etiologic agents include sexually transmitted organisms, especially N. gonorrhoeae
and C. trachomatis; however, vaginal flora—such
as anaerobes G. vaginalis and H. influenzae, enteric
Gram-negative rods, and Streptococcus agalactiae—
have also been associated with PID. In addition,
cytomegalovirus (CMV), Mycoplasma hominis,
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Ureaplasma urealyticum, and Mycoplasma genitalium might be associated with some cases of PID. All
women who are diagnosed with acute PID should
be tested for N. gonorrhoeae and C. trachomatis and
should be screened for HIV infection.
Risk factors for PID include multiple sexual
partners, having a partner with symptomatic urethritis,87 young age,88,89 previous episode of PID,90,91
HIV infection, and contraceptive method. The
relationship between the use of contraception and
PID is complex and controversial. A recent metaanalysis of intrauterine devices (IUDs) and PID
found a relative risk of PID of 3.3 (95% CI, 2.15.3) in IUD users, with the increased risk primarily
occurring within the first few weeks of insertion.92
Studies on the role of oral contraceptives (OCs)
in PID have yielded conflicting results. The use of
older, higher-dose OCs has been associated with
a reduction in the incidence of PID,93 including
PID caused by C. trachomatis94; one study found
a 50% reduction in PID risk when comparing OC
users relative to women using no contraceptive
method.95 Other studies have found that OC use
was associated with an increase in gonorrheal96 or
chlamydial cervicitis,96,97 as well as increased risk of
fertility problems.98 Data from the PID Evaluation
and Clinical Health (PEACH) study show that OC
use does not reduce the risk of upper genital tract
disease, though it may reduce the clinical severity of disease.99 Data from this same study show
that inconsistent condom use is associated with
greater risk for PID than both consistent condom
use and no condom use.99 Other studies have also
demonstrated the effectiveness of barrier methods
of contraception in preventing PID,100 with condoms being the most effective method, and the use
of nonoxynol-9 providing additional protection.101
Cross-sectional data from the PEACH study also
demonstrate an association between PID and vaginal douching,102 though a large prospective study
failed to confirm this association.103
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Diagnosis of PID
Clinical manifestations of PID are varied, making
diagnosis difficult. Symptoms suggestive of PID
include abdominal pain, dyspareunia, vaginal discharge, menometrorrhagia, dysuria, nausea, and
vomiting. All sexually active women presenting
with lower abdominal pain should be evaluated
for evidence of PID, and routine bimanual and
abdominal examination should be conducted for
all women with a presumed STI, because women
with PID or upper genital tract infection may not
complain of lower abdominal pain.7 Signs of PID
on physical examination include adnexal tenderness, cervical motion tenderness, abnormal cervical or vaginal mucopurulent discharge, and fever.
Enlargement or induration of one or both fallopian
tubes, a tender pelvic mass, and direct or rebound
tenderness may also be present. Laboratory tests
that support PID diagnosis include the presence
of white blood cells on saline microscopy of vaginal secretions, documentation of cervical infection
with N. gonorrhoeae or C. trachomatis, elevated
erythrocyte sedimentation rate, and elevated
C-reactive protein.43 Laparoscopy can be used to aid
in diagnosis; however, it will not detect endometritis or subtle inflammation of the fallopian tubes. Its
use is also limited by cost and lack of availability.
Thus, diagnosis of PID is usually based on clinical
findings. Potential long-term morbidities associated with PID include tubal factor infertility, ectopic pregnancy, and chronic pelvic pain.
Many episodes of PID go unrecognized, due
to poor provider recognition of its mild and often
subtle symptoms. In general, clinicians should
maintain a low threshold for the diagnosis of PID
and should err on the side of overdiagnosing and
treating suspected cases. Delay in diagnosis and
treatment of PID is associated with a higher risk
of long-term complications, such as infertility or
ectopic pregnancy.104 Sexually active young women
and other women at risk for STIs with unexplained
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Treatment of PID
Treatment of PID involves immediate empiric,
broad-spectrum antibiotic therapy, which covers
the most likely etiologic pathogens. The antibiotic regimen must be effective against N. gonorrhoeae, C. trachomatis, anaerobic bacteria, facultative Gram-negative rods, and M. hominis. Because
negative endocervical screening for N. gonorrhoeae
and C. trachomatis does not rule out upper tract
disease, treatment regimens must include coverage of these pathogens. Although some have advocated inpatient management for all women with
PID, women with mild to moderate disease may
receive outpatient therapy. Hospitalization is recommended in the following cases:
• Uncertain diagnosis
• Surgical emergencies, such as appendicitis or
ectopic pregnancy
• Suspected pelvic abscess or tubo-ovarian
abscess
• Severe illness, nausea and vomiting, or high
fever
• Pregnancy
• Inability of the patient to follow or tolerate an
outpatient oral regimen
• Failure to respond to outpatient therapy7,43
Oral Treatment may be considered for women
with mild to moderate disease. Women who
do not respond to oral therapy within 72 hours
should be reevaluated to confirm the diagnosis
and should be administered parenteral therapy on
either an outpatient or inpatient basis. A number
of different recommended outpatient oral regimens are available, including the use of singledose therapy for uncomplicated gonorrhea (i.e.,
parenteral third-generation cephalosporin, such

as ceftriaxone 250 mg IM or cefoxitin 2 g IM in
a single dose plus probenecid 1 g orally administered concurrently in a single dose) plus doxycycline 100 mg orally twice a day for 14 days with or
without metronidazole 500 mg orally twice a day
for 14 days. If use of a parenteral cephalosporin is
not feasible, a 14-day course of fluoroquinolone
may be substituted if the risk of gonorrhea is low;
in such cases, testing for gonorrhea is recommended before initiating therapy.
Parenteral Treatment. When using parenteral
treatment, doxycycline may still be given orally
due to its excellent bioavailability. Therapy may be
changed to an oral regimen 24 hours after clinical
improvement to complete a total of 14 days of therapy with doxycycline; many providers add either
14 days of clindamycin or metronidazole when a
tubo-ovarian abscess is present. Recommended
parenteral regimens are cefotetan disodium 2 g
intravenously (IV) every 12 hours; or cefoxitin 2 g
IV every 6 hours plus doxycycline 100 mg orally or
IV every 12 hours; or clindamycin 900 mg IV every
8 hours may be used with weight-based IV or IM
gentamicin every 8 hours. Alternatively, ampicillin/
sulbactam 3 g IV every 6 hours plus doxycycline
100 mg orally or IV every 12 hours can be used.
Male sex partners of women with PID should
be examined and treated for N. gonorrhoeae and
C. trachomatis if they have had sexual contact with
the patient during the 60 days preceding onset of
symptoms. All women diagnosed with PID should
be offered HIV testing.
PID in the Setting of HIV Infection
It is not entirely clear whether the clinical manifestations of PID differ between HIV-positive and
HIV-negative women. A case-control study performed in Abidjan, Ivory Coast, among women
with PID found that HIV infection was associated with more severe clinical manifestations of
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pelvic or lower abdominal pain and either cervical
motion tenderness, uterine tenderness, or adnexal
tenderness should be empirically treated for PID.43

PID but did not affect microbial cause or response
to therapy.105 Barbosa et al106 found that among
women hospitalized with PID at an urban U.S. hospital, HIV-positive women had more severe initial
presentations and longer hospital stays. However,
there were no significant differences in tuboovarian abscesses or surgeries. Conversely, a laparoscopic study of acute PID conducted in Nairobi,
Kenya, found that tubo-ovarian abscess was associated with HIV infection (OR 2.8; 95% CI, 1.2-6.5)
and advanced immunosuppression (OR 3.1; 95%
CI, 0.6-15.3) for women with CD4 lymphocyte
percentages less than 14%. However, there was no
difference in detection of N. gonorrhoeae or C. trachomatis between HIV-negative and HIV-positive
women, and HIV-positive women responded well
to treatment.107 Several studies have demonstrated
that successful clinical response to antibiotic therapy for PID, including outpatient treatment, did not
differ by HIV serostatus.108,109 It is presently unclear
whether the management of HIV-positive women
with PID requires more aggressive intervention.

Public Health Interventions
for STI Prevention and
Treatment
Population-Based Interventions
Although population-based interventions to control STIs target individuals, their effectiveness is
demonstrated by the reduction of STI incidence
and prevalence in the target population. Few studies have evaluated STI treatment outcomes among
HIV-positive women. Wingood et al110 conducted
a randomized controlled trial evaluating STI outcomes among HIV-positive women in Alabama
and Georgia in the United States. They compared
women in the Women Involved in Life Learning
from Other Women (WiLLOW) intervention (four
four-hour interactive sessions emphasizing gender
pride, enhanced social networks, and increased
402

awareness of HIV transmission risks) with a health
promotion control group (which addressed medication adherence, nutrition, and provider interaction skills). At the 12-week follow-up, women in
the WiLLOW program reported fewer episodes of
unprotected vaginal intercourse (1.8 episodes vs.
2.5; P=.022), were less likely to report never using
condoms (OR 0.27; P=.008), and had a lower incidence of chlamydia and gonorrhea infections (OR
0.19; P=.006).110 Other population-based interventions have primarily focused on STI treatment and
prevention as a means of reducing incident HIV
infection. Kamali et al111 randomized all adults
living in 18 communities in Masaka, Uganda, to
receive behavioral interventions alone, behavioral
interventions and syndromic management of STIs,
or routine government health and community
development activities. They found no difference
in HIV incidence among the groups. Incidence of
HSV-2 was lowest in the behavioral intervention
only group, whereas incidence of syphilis and prevalence of gonorrhea decreased in the community
development assistance arm.
Periodic Presumptive Treatment
Treatment given for presumed infection at regular
intervals is known as periodic presumptive treatment. This approach saves the cost of diagnostic
tests and reaches a greater proportion of people
than treating only those who are symptomatic.
To be effective, treatment must be given at a short
enough interval to avoid reinfection. Periodic presumptive treatment may be used as a temporary
strategy to reduce prevalence of infection while
other strategies for establishing preventive services
are being implemented. In Uganda’s Rakai district,
a randomized, controlled, single-blinded trial compared HIV incidence among 10 community clusters
assigned to receive either the intervention (mass
treatment with azithromycin, ciprofloxacin, or metronidazole) or the control (vitamins/antihelminthic
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Structural Interventions
Structural interventions include changes to policies,
guidelines, laws, or environmental factors. Several
community-level, nonrandomized trials have demonstrated a reduction in STIs due to structural
interventions. In the United States, Lonczak et al114
studied the effects of the Seattle Social Development
Project intervention on fifth-grade students. The
intervention had multiple components, including
teacher training in classroom instruction and management, child social and emotional skills development, and parent training. When the cohort
reached 21 years of age, self-reported sexual behavior, pregnancies, births, and STI outcomes were
compared with those of a control group. Although
the intervention did not have a significant effect on
STI diagnosis among the general study population,
the African American members of the intervention group experienced a reduced probability of
contracting an STI (by self-report) by age 21 years
(OR 0.11; P<1). In northern Thailand, Celentano

et al115 compared HIV and STI incidence in cohorts
of 19- to 23-year-old male conscripts in 13 military
bases from 1991 to 1993 and from 1993 to 1995 to
determine the effectiveness of the 100% Condom
Program that began in 1991. This public-health
strategy consisted of a public awareness campaign
promoting the reduction of high-risk sexual practices, such as commercial sex, and motivating condom use during commercial sex. As part of this
strategy, free condoms were distributed to sex workers during periodic STI examinations, and universal condom use in commercial sex was promoted
during these visits. In addition, commercial sex
establishments visited by men treated for STIs were
identified in order to enforce compliance with these
recommendations. Investigators found a dramatic
decline in the rates of STIs, including HIV infection, associated with these activities. For instance,
they observed a 10-fold decrease in STI incidence
from 1991 to 1995 and a decline in HIV incidence
from 2.48 per 100 person-years in 1991-1993 to
0.55 per 100 person-years in 1993-1995.

Population Screening
Population screening for chlamydia takes place in
several high-income countries, including Sweden,
England, and the United States. However, no
national screening program has been assessed in a
randomized, controlled trial.116 In the United States,
Scholes et al117 conducted a study among enrollees
of a health maintenance organization. In this study,
women who were deemed to be at increased risk
for chlamydial infection (according to study criteria) were randomly assigned to either a screening group or usual care. At the end of the one-year
follow-up, there was a 56% reduction in the incidence of PID associated with chlamydia screening. Similar reductions in the risk of PID linked
to chlamydia screening have been demonstrated in
Denmark, where home sampling kits were used to
obtain vaginal flush samples that were then mailed
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drugs) every 10 months. At 20 weeks, the prevalence of syphilis and trichomoniasis was lower in
the intervention group, but there were no differences in the prevalence of chlamydia and gonorrhea. There was also no difference in new syphilis seroreactivity or reports of urethral discharge,
vaginal discharge, or genital ulcers, nor was there
a decrease in the incidence of HIV infection.112 In
a subanalysis of the Rakai trial, Gray et al113 investigated the effect of presumptive STI treatment
during pregnancy on the outcomes of maternalinfant STIs (including HIV) and infant outcomes.
Reductions in multiple STIs, including T. vaginalis,
N. gonorrhoeae, C. trachomatis, and infant ophthalmia, were observed, as were improved infant
outcomes, such as reductions in rates of neonatal
death, low birth weights, and preterm deliveries.
There was no effect on maternal HIV acquisition
or perinatal HIV transmission.

back to the laboratory facility. Outcomes were then
compared with standard of care.118

Vaccination Programs
Immunization of at-risk populations is a highly
effective tool in the control of infectious diseases.
The first vaccine to protect against an STI was the
hepatitis B vaccine. More recently, in 2006, a vaccine offering high-level protection to previously
unexposed women against HPV types 16 and
18 (which both cause cervical cancer) and types
6 and 11 (which both cause genital warts) has been
licensed in the United States and in Europe.119-121
Although the availability of both HBV and HPV
vaccines is currently limited in resource-limited
settings, such vaccines could be a valuable tool in
the control of these STIs. A vaccine against HSV-2
has been tested, showing partial effectiveness
among women who had never been infected with
either HSV-1 or HSV-2.122

Special Issues
Syndromic Management
Etiologic diagnosis of STIs remains problematic
in resource-limited settings, due to a scarcity of
cheap and accurate diagnostic tests. Laboratory
testing requires time and financial resources, as
well as costly equipment, well-trained personnel, and external quality controls. A syndromic
approach to the management of STIs in resourcelimited settings has been developed and is a core
intervention in the WHO strategy for control of
STIs in regions where access to diagnostic testing
is limited. Syndromic management involves the
identification of a group of symptoms and easily
recognizable signs (syndromes) and the provision
of treatment that covers the most likely and most
serious causes of the syndrome through the use of
simple flowcharts.7 Syndromic management can
be implemented at many levels of health care and
404

is valid and feasible for the treatment of urethral
discharge in men and of genital ulcers in men
and women.123,124 HSV-2 is emerging as the most
common cause of GUD in developing countries;
WHO guidelines recommend the incorporation
of acyclovir in the syndromic management when
more than 30% of genital ulcers are caused by
HSV-2.7
Syndromic management does not work as well
for the management of vaginal discharge, which
is poorly predictive for gonorrheal or chlamydial cervicitis. Attempts to improve the sensitivity
and specificity of the algorithm by incorporating risk assessment and/or speculum exam have
been unsuccessful.123,125 A study conducted among
726 women in West African countries presenting
with vaginal discharge found that the prevalence
of N. gonorrhoeae was only 1.9% and of C. trachomatis only 3.2%. Risk factors previously recommended by WHO were not associated with the
presence of cervical infection, with the exception
of the number of sex partners in the past three
months. When taken together, WHO risk factors had a positive predictive value of only 6.4%
for identification of cervical infections in this
population.126
The effect of syndromic management on HIV
transmission has been studied. Grosskurth et al127
conducted a randomized, controlled trial implementing improved syndromic management of STIs versus standard of care in six communities in Mwanza,
Tanzania, and comparing HIV incidence between
the groups. The Mwanza study demonstrated a
38% reduction in HIV incidence in the intervention
group, with the greatest impact in women aged 15 to
24 and men aged 25 to 34. A reduction in syphilis
seroprevalence and a borderline reduction in new
syphilis cases and symptomatic urethritis were also
observed in the intervention group, though no effect
was seen on gonococcal or chlamydial infection
among women receiving antenatal care.127,128
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Few studies have been done assessing the costs and
benefits of treating STIs. Perhaps the most comprehensive review was published in 2006 and served
as a systemic review of the costs of treating curable
STIs in low- and middle-income countries.129 This
report reviewed 53 primary studies. The median
STI treatment cost was US$17.80 per treatment
per person. Clinical settings serving symptomatic
patients were consistently less expensive than were
outreach services. Notably, services using syndromic management protocols had lower costs, and
these costs decreased with scale.

•

•

•

•

Summary
Key Points
• Early treatment for STIs is important. Most
standard recommended regimens are effective
for people living with HIV.
• Continuous access to improved STI services
is likely to have greater impact on HIV transmission than an intermittent mass treatment
approach to STI control.51
• Affordable, effective screening strategies for
cervical cancer, such as visual inspection
aided with acetic acid, are sensitive and cost
effective.
• Meaningful involvement of women living
with HIV is instrumental in facilitating effective responses. This includes healthy living and
healthy sexual activity for people living with
HIV. More information can be obtained from
specific publications, such as those published by
the International AIDS Alliance.51

Recommendations
• Systematic screening for STIs should be part
of clinical evaluations for women living with
HIV and should include thorough medical history taking; clinical examination; and, when

•

resources permit, laboratory examination for
syphilis, gonococcal, and chlamydial infections.
HIV-positive women whose sexual partners are
infected with STIs should be offered treatment,
even if the women are asymptomatic.
Cervical screening for STIs should be offered
more frequently, using the same tests as for
HIV-uninfected women.
Health workers should be made more aware of
the importance of screening for STIs in women
living with HIV and of the importance of follow-up in special cases, such as the management of syphilis and PID.
Regular and systematic screening and treatment
for syphilis should be an integral part of antenatal care. This is particularly important and cost
effective in pregnant women on treatment interventions for the prevention of mother-to-child
transmission of HIV. Reagents and treatment
to prevent congenital syphilis are cheap and
affordable, even in limited-resource settings.
More research is needed to formulate effective
strategies for scaling up the provision of vaccines
for the prevention of oncogenic HPV infections
to prevent cervical cancer, especially among adolescents and women living with HIV.

Conclusion
Although STIs cause substantial morbidity and mortality worldwide, their impact is often unrecognized.
Effective diagnostic tests, antibiotics for bacterial and
protozoal STIs, suppressive antivirals, and vaccines
against HBV and HPV are often not widely available
in resource-limited settings. Syndromic management remains the core intervention for individual
case management in resource-limited settings where
laboratory testing is not available. Inexpensive, accurate, point-of-care tests are vital for the diagnosis of
STIs that are undiagnosed or misdiagnosed by syndromic approaches, particularly in women. A publichealth approach to the control of STIs is essential.
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Cost of Treatment

This approach should include improvement in surveillance, such as monitoring of sexual behavior and
implementation of evidence-based strategies.
The prevention and care of STIs in HIVpositive women should be an integral part of
comprehensive sexual and reproductive health
services provided to women. The control of STIs,
even among HIV-positive individuals, is feasible.
Policymakers and health-care providers should
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be made aware of the special requirements of
people living with HIV, such as regular screening
for STIs and provision of information, counseling, and treatment for STIs. Pregnant women living with HIV should be provided with services for
the prevention of mother-to-child transmission
of both HIV and syphilis to prevent babies from
being saved from HIV infection only to die from
preventable congenital syphilis.

From the ground up: Establishing a Framework for Success
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Human Papillomavirus and Cervical
Dysplasia in Women Living with HIV
opportunistic infections,
cancers, and coinfections

Cynthia S. Firnhaber
Clinical HIV Research Unit, University of the Witwatersrand, South Africa

E

pidemiological data show a high
burden of cervical cancer in high-HIVprevalence settings, and cervical cancer has
been designated as an AIDS-defining illness by the
Centers for Disease Control and Prevention (CDC).
Yet how two sexually transmitted viruses, human
papillomavirus (HPV) and HIV, impact morbidity and mortality in coinfected women in resourcelimited settings is virtually unknown. For instance,
women living with HIV in South Africa typically
present with cervical cancer 10 to 15 years earlier
(between the ages of 35 to 40) than HIV-negative
women, who usually present with this condition in
their early 50s.1,2
With increasing access to antiretroviral therapy
(ART), women living with HIV in developing
countries are expected to live longer, and morbidity and mortality associated with opportunistic
infections are expected to decrease. However, the
burden of cervical disease is anticipated to increase
in populations where Pap smear–screening programs and colposcopy (microscopic visualization
of the cervix) are limited.3,4,5 Further, little is known
about the epidemiology and pathology of HPVrelated cervical disease in HIV-positive women in
resource-limited settings.

This review is intended to update primary healthcare providers on the disease process, including the
relationships between HPV and cervical cancer and
between HPV and HIV; cervical cancer screening;
prevention of HPV infection; and diagnosis and
treatment of cervical dysplasia in HIV-positive
women in resource-limited settings.

Natural Disease Process
HPV and Its Relationship to
Cervical Cancer
Human papillomavirus is a DNA virus with more
than 100 identified types. Between 30 and 40 types
are sexually transmitted through skin-to-skin or
mucosa-to-mucosa contact, leading to anogenital
infections in both men and women.5
HPV is the etiological agent for cervical cancer
and precursor lesions.6 The lifetime risk for HPV
infection among sexually active men and women is
at least 50%, and 80% of women will have acquired
HPV infection by 50 years of age.7 The individual infectious nature of the various HPV types is
unknown, but because of their common route of
transmission, many HPV types may be transmitted simultaneously during one sexual exposure.5
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Early sexual debut and having multiple sex partners increase the risk of HPV infection. Despite
their potential danger, most HPV infections are
transient; in a study of 608 HIV-negative college
women in the United States, 91% of HPV infections cleared within two years.8
However, some HPV infections do evade the
immune system through a complicated cascade of
events, leading to a persistent infection. The natural
history of cervical dysplasia is a process of gradual
change once the HPV genome is integrated into the
human epithelial DNA. Persistent infection of the
high-risk types of HPV (16, 18, 31, 33, 35, and 45)
is a crucial step in the process of cervical dysplastic
changes. Worldwide, HPV types 16 and 18 account
for most cervical cancers.9 However, one or more of
these oncogenic types can be found in 90% of highgrade intraepithelial precursor lesions. The E6 and
E7 proteins of oncogenic HPV types are known to
facilitate the degradation of the tumor suppression proteins of p53 and retinoblastoma tumor
suppression protein, respectively. With the loss of
the suppression of these oncogenes, apoptosis (cell
self-destruction) and cell cycle arrest is disrupted.5
Changes in the epithelium cells occur with the
increase of the nucleus-to-cytoplasm ratio.1,10 These
precursor changes often occur at the transition
zone in the cervix, where the squamous epithelium
meets the endocervical columnar epithelium.
Factors that increase the risk of persistent HPV
infection and cell dysregulation include immune
suppression; cigarette smoking; hormonal contraceptive use; and possibly other sexually transmitted infections, such as chlamydia.11 The development of cervical cancer can be thought of as a
four-step process: (1) transmission of an oncogenic HPV type, (2) persistence of the HPV infection, (3) transformation of HPV-infected epithelial
cells, and (4) loss of inhibitory cell replication control causing invasion.5 Interruption of any of these
stages can result in prevention of cervical cancer.
416

Relationship between HPV and HIV
The natural history of cervical dysplasia is a process of progression or regression, partially mediated by local cervical immunity, which is still
poorly understood. Clear immune markers for
clearance of HPV infection have not been well
defined.12 Because HPV infections are frequent
and usually kept in a latent state by a functional
immune system,13 they can be reactivated under
immunosuppressive conditions.14 In HIV-positive
women, the local mucosal immunity seen in cervical intraepithelial neoplasia (CIN) was associated
with suppression of markers of both pro- and antiinflammatory pathways (i.e., gamma interferon,
macrophages, neutrophils, and natural killer cells)
in CIN 2 or CIN 3 lesions, which was not the case
for the local mucosal environment of HIV seronegative women with CIN 2 or CIN 3 dysplasia.15
Besides the possible increased immune-escape
pathway in HIV immunosuppressed women, a
direct viral-viral interaction may exist between
HIV and HPV, given that both viruses infect macrophages16 and that expression of the HIV Tat protein might increase the expression of HPV E1 and
L1 viral genes17 and HPV type 16 E7 transcription.18
It is uncertain, however, whether HIV increases the
risk of HPV replication or transcription, leading
to the development of more-persistent HPV infections. The effect of the systemic immune system
is not well known in HIV-positive women; but in
HIV-negative women in several populations, the
HLA marker DRB1*1301 may be protective against
cervical disease.19
Many of the low-grade lesions in immunocompetent HIV-negative women will regress without
treatment. However, with HIV-related immuno
suppression, progression of cervical dysplasia
occurs more frequently and regression decreases.
One study found a significant difference in progression of cervical dysplasia in HIV-positive
and HIV-negative women after only six months
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of lesions occurs more frequently among HIVpositive women and, it is believed, more rapidly.
Regression of LGSIL occurs less frequently in HIVpositive women.

Epidemiology of Human Papillomavirus
Worldwide, HPV types 16 and 18 account for the
majority of cervical cancers, and one or more of
these types can be found in 90% of high-grade
intraepithelial precursor lesions in HIV-negative
women.13 Preliminary data from Brazil, South
Africa, and Thailand show high rates of oncogenic
HPV infection in 38.6%, 85%, and 51% of HIVpositive women, respectively.4,25,26 Studies conducted
in Zambia found that cervical disease was present in up to 76% of all women, and 98% of HIVpositive women harbored at least one type of HPV
(85% had a high-risk HPV type), with a median
of four types per participant.27,28 A study in South
Africa, which included 148 HIV-positive women,
showed similar results, with 95% of HIV-positive
women harboring HPV, a median of three HPV
types per participant, and 85% of HIV-positive
women with one or more oncogenic HPV types.4
Data from developing countries also show a large
diversity of oncogenic HPV types (including 16
and 18) in addition to other types, such as 33, 35,
52, and 81.4,28 The studies from Thailand and Brazil
are notable for their findings of a large diversity
of high-risk HPV types, including 16 and 18, with
high percentages of other high-risk types also seen
(i.e., 33, 35, 52, and 81).25,26
It should be noted that the vaccine targeting HPV types 6, 11, 16, and 18 might reduce the
acquisition of infection and clinical disease caused
by these HPV types in HIV-positive women in
developing countries. However, with the diversity
of oncogenic types seen in this population, studies
are needed in HIV populations in resource-limited
settings to determine the efficacy and safety of
available vaccines.
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of observation. Progression of cervical dysplasia was seen in 14% of HIV-seropositive women
compared with 7% in HIV-seronegative women
after an abnormal smear. Regression to a normal
Pap smear in six months was observed in 43%
of HIV-seropositive women and 66% of HIVseronegative women.20 In another study, only
45% of HIV-seropositive women had cytological
regression of cervical dysplasia after a median of
2.7 years. Women whose lesions regressed were
younger, had higher CD4 counts (336 cells/mm3
vs. 230 cells/mm3), longer time on ART, and lower
viral loads (4,850 copies/mL vs. 14,000 copies/
mL); the regression rate in HIV-positive women
was lower than the rate in HIV-negative women.21
In the same study, presence of HPV, irrespective
of type, was associated with higher rates of lesion
progression and lower rates of lesion regression. In
another study, HIV viral load was not associated
with lesion progression.22
Studies have begun to show that HIV-positive
women are presenting with cervical cancer 10
to 15 years earlier (at a median age of 35 years)
than HIV-negative women.1,2 Early data are also
beginning to show that the prevalence of cervical dysplasia is much higher among women in
resource-limited settings and among HIV-positive
women. Two studies in South Africa found lowgrade squamous intraepithelial lesions (LGSIL) in
18%, high-grade squamous intraepithelial lesions
(HGSIL) in 8%, and infiltrative cancer in 0.8% of
the general population of women using publicsector health facilities.23,24 That study did not look
at the HIV status of the source patient. In a cohort
of only HIV-seropositive women, 54% were found
to have abnormal cytology on their Pap smears.
Two-thirds of those lesions were LGSIL and onethird were HGSIL. Those findings are at least 2 to
10 times higher than the rates of cervical dysplasia
typically found in the general South African population,4 adding to the evidence that progression

Other Risk Factors for Cervical Dysplasia
The known risk factors for cervical dysplasia,
besides HPV and HIV infections, are smoking,
multiple sex partners, and early sexual debut.
Other less well-defined but probable risk factors
are associated sexually transmitted infections and
the use of hormonal contraceptives.11 In HIVseropositive women coinfected with HPV, the contribution of other risk factors to the development
of cervical dysplasia is unknown. One study in
South Africa, among a cohort of 148 women coinfected with both HPV and HIV found that only
the number of sex partners was slightly statistically
significant for independently increasing the risk
of cervical dysplasia. Age of sexual debut, use of
hormonal contraceptives, age, and use of tobacco
products (including snuff—a practice of chewing
tobacco seen in South African women of various
tribal backgrounds) were not statistically associated with increased risk of dysplasia. More research
in resource-limited settings is needed, but findings
to date may imply that HIV-HPV coinfection may
play a greater role in the development of cervical
cancer than other traditionally known risk factors
for cervical cancer.4

Cervical Cancer Screening
Only one set of cervical cancer guidelines specifically targets HIV-positive women. Developed
by CDC, the guidelines state that HIV-positive
women should be screened every six months for
two consecutive smears.29 If cytology results are
normal for the two smears, a woman may then
revert to having a Pap smear once a year. However,
if one or both of the initial Pap smears is abnormal, colposcopy should be performed and then
followed with a Pap smear every six months until
two consecutive tests are normal. Some specialists
advocate that a colposcopy be performed at the initial screening visit. Although appropriate for developed countries, these guidelines may be impossible
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for developing countries to follow because of inadequate infrastructure and human and financial
resources. Guidelines for cervical cancer screening developed by the World Health Organization
(WHO), do not account for HIV-HPV coinfection
and its potential effect on cervical disease progression. WHO recommends that a woman undergo
her first Pap smear at 30 years of age, followed by
two more smears at 10-year intervals.30 Although
this recommendation has been shown to reduce
the lifetime risk of cervical cancer in HIV-negative
women, the low frequency of screening may not be
effective in preventing cervical dysplasia or cancer
in HIV-positive women. A study in South Africa
shows that 20% of the women who had CIN 2 or
CIN 3 were 30 years of age or under, illustrating
the need for much earlier screening in these HIVseropositive women (unpublished data).
For a Pap smear, also called conventional cytology, a clinician collects endocervical cells via a
brush or spatula and places the cells on a microscopic slide for cytological review. For many years,
the Pap smear has been widely integrated into the
public-health cancer prevention agenda in many
developed countries and is credited for the reduction of cervical cancer in those countries.31,32 The
cytology screening has been improved with the
standardization grading of the 2001 Bethesda
System (Table 1).33
Despite the success of the Pap smear in reducing cervical cancer mortality, access to this system
in most resource-limited countries is limited at
best. Some middle-income countries (e.g., South
Africa and Brazil) are equipped to provide Pap
smears, cytological review, and colposcopy in tertiary research centers but not in other areas; and
in low-income countries, these procedures are not
available because financial resources and trained
personnel are lacking. Further research is being
done to determine the best approach to providing
effective, adequate screening and prevention for
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Table 1. The 2001 Bethesda System Classifications

Specimen
Adequacy

General
Categorization
(optional)

Negative for
Intraepithelial
Lesion or
Malignancy

Epithelial Cell
Abnormalities,
Squamous Cell

Epithelial Cell
Abnormalities,
Glandular Cell

Satisfactory
for evaluation

Negative for
intraepithelial lesion or
malignancy

Organism (list
organism or
changes consistent with
organism)

1. Atypical
squamous cells
(ASC)
2. ASC of
undetermined
significance
3. ASC cannot
exclude highgrade squamous
intraepithelial
lesion (HGSIL)

Atypical glandular cells (specify
endocervical,
endometrial, or
not otherwise
specified)

Unsatisfactory
for evaluation (reason
specified)

Epithelial cell
abnormality

Other nonneoplastic findings (optional
to report; i.e.,
reactive cellular changes
associated with
inflammation,
radiation, intrauterine device,
or atrophy)

Low-grade
squamous intraepithelial cells
encompassing
human papillomavirus, mild
dysplasia, and
cervical intraepithelial neoplasia
(CIN 1)

Atypical glandular cells, favor
neoplastic (specify endocervical
or not otherwise
specified)

Specimen
rejected or
not processed
(reason
specified)

Other

HGSIL encompassing moderate
and severe dysplasia, carcinoma
in situ, CIN 2,
CIN 3

Endocervical
adenocarcinoma
in situ

Squamous cell
carcinoma

Adenocarcinoma

Specimen
processed
and examined but
unsatisfactory
for evaluation
(reason
specified)

Other
Endometrial
cells in a
woman over
40 years of
age

Source: Adapted from Solomon et al.33
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Results

women living with HIV in settings with shortages
of skilled providers and limited resources.
Visual inspection of the cervix with acetic acid
(VIA) has been shown in several studies to be an
effective alternative to the Pap smear in resourcelimited settings. VIA is a simple procedure involving a speculum examination and a cervical swab
with 5% acetic acid. Dysplastic changes on the cervix appear white in color after a few minutes of
exposure to acetic acid, while the normal squamous
cells remain pink and the columnar epithelium is
dark pink to red. The change of color is thought
to be caused by the cellular changes in the cervical
squamous epithelium, which involves an increase
in the nuclear proteins and cytokeratins. VIA can
also be performed during menses, if the flow is not
heavy. The convenience and relative simplicity of
VIA makes it preferable to the Pap smear in many
settings, especially because it does not require the
client to return to the clinic for her results. VIA
can also be performed during a routine gynecological visit, such as prenatal and postpartum care.
Another advantage of VIA is that unlike the Pap
smear, it does not lose sensitivity in women over
50 years of age.34
VIA has been shown to be at least as sensitive
as or even more sensitive than the Pap smear but
not as specific.35,36,37 A study in India reports an 88%
sensitivity and a 78% specificity for VIA compared
with the gold standard of colposcopy with biopsy.38
One study performed in Nicaragua shows that
VIA detected up to twice as many invasive cancers
but that for every diagnosis, eight false positives
were identified at the referral center.39 At least two
studies found that primary health-care nurses can
perform this procedure, thus increasing the capacity for cervical screening in settings where most
primary providers are nurses.35,36 In one study in
the Philippines, women actually preferred the VIA
method to the cervical cytobrush used during Pap
smears. All these studies were conducted among
420

the general population; and despite taking place
in settings with a high prevalence of HIV, none
of the studies looked at VIA specifically in HIVpositive women. Therefore, how HIV coinfection
influences the sensitivity and specificity of VIA is
unknown.

Prevention of HPV Infection
HPV Vaccine
(Preventive and Therapeutic)
Given the enormous burden of HIV-HPV coinfection, other methods for treating and preventing cervical dysplasia in resource-limited settings
are needed. One possibility is the development of
preventive or therapeutic HPV vaccines. Two preventive HPV vaccines have so far been approved
by the U.S. Food and Drug Administration: the
GlaxoSmithKline vaccine, Cervarix, which produces antibodies to types 16 and 1840; and Gardasil,
a new quadrivalent HPV vaccine from Merck. The
quadrivalent HPV vaccine consists of viruslike
particles generated by the expression of the major
capsid protein L1 from HPV types 6, 11, 16, and
18, with an aluminum adjuvant. During studies
of Gardasil, all women in the vaccine arm developed detectable antibody responses to the vaccine types, and the titers were substantially higher
than in women who received the placebo or had a
prior history of natural HPV infection. The combined incidence of persistent infection or disease
caused by HPV types 6, 11, 16, and 18 fell by 90%
in women receiving the vaccine compared with
women who received the placebo (0.7 vs. 6.7 incidence per 100 patient-years at risk). Ten women in
the placebo arm developed HPV-related diseases
(seven cases of CIN and four instances of external genital lesions), and no HPV-related diseases
occurred among the vaccinated women.41
Despite its effectiveness, Gardasil has not
been tested in HIV-positive women or in women
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Condom Use
The effectiveness of condom use in preventing transmission of genital HPV was considered questionable

until a study reported that condoms were in fact
effective in reducing the spread of HPV. Despite the
small numbers of participants (N=82), this study
shows a decrease in the rate of genital HPV infection
from 89.3 per 100 patient-years at risk in women
reporting inconsistent partner condom use to 37.8
patient-years at risk in women reporting 100% partner condom use. Also, no cervical squamous intraepithelial lesions were diagnosed in the women who
reported condom use with their partners compared
with 14 lesions found in women whose partners did
not wear condoms consistently.45 There is also evidence that consistent use of condoms increases the
clearance of HPV and increases the rate of regression in HIV-seronegative women.46
The impact of condom use on HPV infection
is unknown in HIV-positive women. However,
abstinence from sexual activity is the only action
that can completely prevent HPV transmission.
The findings of some studies suggest that HPV is
easily transmissible. Correlated HPV types have
been found on the external genitals and cervixes of
women with no history of intracoital sexual activity47; and among couples reporting monogamy,
HPV infection has been reported.48,49 HPV infection, carriage, and transmission in circumcised
men might be lower than in uncircumcised men,
possibly because of the epithelium changes that
occur following circumcision.50

Diagnosis and Treatment of
Cervical Dysplasia
Colposcopy
Confirmation of high-grade cervical dysplasia
with colposcopic biopsy is done after a Pap smear.
In expert hands, the correlation between the Pap
smear and the biopsy can be as high as 90%, but
correlations as low as 50% are possible when staff
are inadequately trained. The cost of a colposcope without cameras varies between US$10,000

opportunistic infections, cancers, and coinfections

421

opportunistic infections,
cancers, and coinfections

residing in sub-Saharan Africa, and several questions remain:
1. Will the vaccine be effective in preventing HPV
disease given the diversity of high-risk oncogenic HPV types seen in HIV-positive women?
2. Will the vaccine confer enough immunogenicity in HIV-positive women, and at what CD4
level and HIV viral load?
3. Will the vaccine be effective in the majority of
women living with HIV who are already coinfected with more than one type of HPV?
4. Would a preventive vaccine be effective in
areas where at least 80% of women are already
infected with one or more types of HPV? Could
this preventive vaccine improve regression and
clearance of the HPV virus in HIV-positive
women who were treated for their HPV, and
prevent reinfection or reactivation?
One study found that in HIV-negative women,
a preventive vaccine candidate (a viruslike protein to the LP1 capsid protein AS04) was not
effective in reducing HPV clearance in women
already infected.42
Another HPV vaccine in trials is the therapeutic vaccine. This type of vaccine is directed at the
oncogenic proteins E6 and E7 of the HPV virus
and would be given to women already infected
with HPV. The hope is that a vaccine directed at
these proteins will block the action of the oncogenic proteins, thereby preventing progression
and improving regression of cervical lesions. A
therapeutic vaccine could be given after diagnosis
of HPV oncogenic infection or after LLETZ (large
loop excision of the transformation zone)/LEEP
(loop electrosurgical excision procedure) or cone
biopsies to prevent recurrence. This type of vaccine is in the early phases of testing.43,44

and US$15,000. Therefore, not only is colposcopy
cumbersome, inefficient, and time consuming, but
it also may be too expensive for use in resourcelimited settings.

Cryotherapy, LLETZ/LEEP Biopsy, and
Cone Biopsy
If the screening test and the colposcopy results are
correlated, the patient is further treated and evaluated with either cryotherapy, LLETZ or LEEP biopsy,
or cone biopsy. Cryotherapy can be done after the
VIA procedure, during the same visit. No electricity is required for cryotherapy, but the procedure
does demand a consistent supply of nitrous oxide
or carbon dioxide and a low-temperature probe to
freeze the epithelium changes. Cryotherapy has the
drawback of not reaching lesions spreading to the
endocervical canal and may not completely treat
larger lesions.34
A LLETZ or LEEP biopsy is an outpatient
procedure that requires local anesthesia but can
be done rather efficiently in an outpatient setting. The procedure uses a thin electrified wire
to remove a sample up to 7 mm in depth from
the transitional zone. Treatment failure rates can
be up to 15% for the LLETZ or LEEP procedure,
so follow-up screening of the patient within one
year is required.34,51 However, the failure rate of
the procedure among HIV-positive women in
resource-limited settings according to preliminary data is roughly 50% 52; therefore, aggressive follow-up should occur within three to four
months.53-55
Another older modality of treatment is the cone
biopsy. It is an effective mode of treatment but
requires a referral to a center with a skilled gynecological surgeon, inpatient admission, and operating room availability.51
Hysterectomy is not recommended for the treatment of cervical dysplasia. This surgical procedure
is performed only when carcinoma is found in situ
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by the LLETZ or LEEP biopsy and the margins of
the biopsy are not cleared of the pathology.51

Antiretroviral Therapy
Because HPV infection is an immunomodulated
disease, the more aggressive HPV oncogenic types
and HGSIL are commonly seen in patients with
lower CD4 lymphocyte counts. However, findings
of reversal of cervical dysplasia in HIV-positive
women receiving ART have been quite controversial. Some initial studies52,53 report that antiretroviral
drugs (ARVs) may improve outcomes in cervical
dysplasia in HIV-positive women, much as they
have done in patients suffering from Kaposi’s sarcoma.54 However, some cohort studies conducted
in developing countries show that ART has no
effect on cervical dysplasia.23,55 One hypothesis is
that the effect of ART is so variable and difficult to
elucidate in cervical dysplasia and invasive cervical
cancer (ICC) in HIV-seropositive women because
of the multitude of oncogenic HPV types seen in
these women. HPV type 16 is more elusive of the
immune systems, because women infected with this
HPV type develop cancer without the immuno
suppression seen in HIV. However, other dysplastic
changes seen with other HPV types may occur in
the more immunosuppressive state seen in HIV. In
a study in South Africa, 50%–70% of patients with
CIN 2 or CIN 3 did not have HPV type 16.4 Changes
related to other oncogenic HPV types may be more
responsive to immune reconstitution. Larger prospective cohort studies need to be conducted in
resource-limited settings to assess the effectiveness
of ARVs in preventing cervical cancer in the large
population of women with HPV-HIV coinfections.

Other Modes of Therapy
The potential role of micronutrients and vitamins
in reducing the risk of cervical dysplasia and cancer has not been studied in HIV-positive women.
Therefore, no definitive data demonstrate that

From the ground up: Establishing a Framework for Success

Conclusion
Because both HIV and HPV are common in many
developing countries, great care, as well as further
thought and research, is needed to find ways to
efficiently screen and treat coinfected women.
With the progressive scale-up of comprehensive
HIV treatment throughout Asia, Africa, and South

America, HIV-positive women will be surviving
well into middle age and will therefore be at an
increased risk of developing HPV-related disease. Clearly elucidating and defining the role
that ART may play in the regression of cervical
disease in coinfected women is crucial, yet this
mode of treatment, if viable, may or may not be
the best way forward in resource-limited settings. Vaccination in a preexposed population is
likely the most efficient method of prevention for
women in developing countries. However, for the
millions of women already HPV/HIV coinfected,
more research is needed into accessible, adequate,
and affordable cervical dysplasia screening and
treatment methods.
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supplementation of tocopherols (vitamin E), caro
tenoids (vitamin A), ascorbic acid (vitamin C),
and other micronutrients affect the progression or
regression of cervical dysplasia. Antiviral agents
such as ganciclovir and cidofovir have not shown
any positive effect on the treatment of cervical
dysplasia and should not be recommended.51
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ancer of the cervix is the second most common female malignancy in
the world. Each year, more than 80% of the
493,000 new cases and 274,000 deaths associated
with cervical cancer occur among women who
reside in developing regions of the world, that is,
sub-Saharan Africa, Latin America, the Caribbean,
south-central Asia, and Southeast Asia.1 In these
resource-limited settings, cervical cancer accounts
for 15% of all female malignancies and is a significant cause of years of life lost. In a recent analysis of
cancer and years of life lost conducted by Yang et
al,2 cervical cancer was found to be responsible for
2.7 million (age-weighted) years of life lost worldwide. Furthermore, it was the largest single cause
of years of life lost from cancer in the developing
world, making a greater contribution than such diseases as tuberculosis, maternal conditions, or AIDS.
Of all annual global deaths from cervical cancer,
20% occur in sub-Saharan Africa, a region of the
world where this preventable disease continues to

be the number one cause of cancer-related death
among women.3 According to the database of the
International Agency for Research on Cancer
(IARC),3 cervical cancer incidence and mortality in
the eastern African region of sub-Saharan Africa
are the highest on the African continent and rank
among the highest in the world, led by Tanzania
(68.6 and 55.6 per 100,000, respectively), Zambia
(53.7 and 44.0 per 100,000), and Zimbabwe (52.1
and 43.1 per 100,000).
Sub-Saharan Africa is also the epicenter of the
global HIV/AIDS crisis, particularly as it relates
to women. According to the 2006 Joint United
Nations Program on HIV/AIDS / World Health
Organization (WHO) report,4 of the 30.5 million
people in the world living with HIV two-thirds
reside in sub-Saharan Africa; of the 17.3 million
women in the world living with HIV, approximately
75% (13.2 million) reside in sub-Saharan Africa.
Given the excess risk of cervical cancer in
women with HIV/AIDS, all resource-constrained
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Building a Cervical Cancer Prevention
Program into the HIV Care and
Treatment Infrastructure in Zambia

countries of the world which suffer excess burdens of both diseases should become focal points
for intense cervical cancer prevention efforts. An
example is Zambia, one of the world’s poorest
nations, which has both a high prevalence of HIV5
(adult HIV prevalence 16.5%) and a cervical cancer incidence that is the second highest in Africa
and the sixth highest in the world.3 It is estimated
that one million Zambians are currently living with
HIV, more than 50% of whom are women.5

Cervical Cancer and HIV
Cervical cancer is an AIDS-defining illness.6 In
Western Europe and the United States, record linkage studies of population-based registries of people diagnosed with both HIV/AIDS and cancer7-10
have estimated excessive cervical cancer risk for
people living with HIV, as compared to the general
population. In sub-Saharan Africa, where cervical cancer incidence is among the highest in the
world,3 epidemiological studies of the relationship
between HIV and cervical cancer risk have been
controversial. While some studies have shown no
excess risk for cervical cancer in the setting of HIV
infection,11 others have indicated such a link.12,13
Given the present high prevalence of HIV in subSaharan Africa and the association of HIV infection with the development and progression of cervical intraepithelial neoplasia (CIN), even small
increases in cervical cancer risk may have significant public-health implications.11,13-15 A recent study
of cervical cytology among HIV-positive women
in sub-Saharan Africa revealed an excessively high
prevalence of high-grade squamous intraepithelial
lesions (HGSIL).16 In that study, which the authors
performed in Zambia, the majority of women were
first-time seekers of HIV care and treatment and
were severely immunosuppressed (mean CD4
count 165 cells/µL). While 33% had cytologic evidence of HGSIL, 20% had cytologic findings compatible with squamous cell carcinoma. Such results
430

may even suggest an impending epidemic of cervical cancer among severely immunosuppressed
HIV-positive women in resource-limited settings
of the developing world, where cervical cancer
screening is not readily available.

CIN and HIV
HIV infection and HIV-induced immunosuppression are markers of CIN,15-20 the precursor to cervical cancer. In HIV-positive women, CIN is more
prevalent,21 has a higher incidence,22-33 progresses
more rapidly, and is diagnosed at a higher grade24,29
than in HIV-uninfected women. The strength
of these associations increases with the degree
of immunosuppression,18,24,34-36 which is possibly
explained by the following biological mechanisms:
• Enhancement of the effectiveness of human papillomavirus (HPV) proteins, and possibly cell
cycle disruption, by HIV proteins (e.g., Tat-1)37
• Dysregulation of the cellular arm of the local
and systemic immune systems by HIV, worsening the natural course of CIN37
• An increase in target cells and proinflammatory cytokines at the site of HPV-induced CIN
lesions, which in turn increases the probability
of heterosexual acquisition of HIV and subsequent alteration of the progression rates of HPV
and CIN37
• Diminished rates of clearance of HPV in HIVpositive women38

Cervical Cancer in the Era of
Antiretroviral Therapy
Until recently, HIV-positive women living in developing countries had a shorter than average life
expectancy, making it unlikely that invasive cervical cancer would have time to develop from a
persistent infection with oncogenic HPV, a process
that can take from 10 to 20 years.15 In other words, it
is supposed that HIV-positive women in these settings died as a result of AIDS-related complications
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potentially puts HIV-positive women on ART at
increased risk of prolonged exposure to oncogenic
HPV, the viral progenitor of cervical carcinogenesis.38 Consequently, the early detection and treatment of HPV-induced cervical cancer precursors is
of increasing importance to prevent cervical cancer
deaths in this very high-risk category of women.

Methods
The discussion that follows outlines the authors’
experiences establishing Zambia’s first single-visit
“see and treat” cervical cancer prevention program.
This program was designed as a fully integrated
component of existing PEPFAR-funded HIV care
and treatment services within the country.

Choosing the Proper Screening Test
One of the major challenges we initially faced in
setting up our cervical cancer prevention program
in Zambia was the selection of a screening test that
would be effective yet appropriate for our setting.
Cytology, the screening test most commonly used
in developed countries, requires multiple visits by
clients, screening at regular intervals, and sufficient
laboratory infrastructure, including cytologists
and pathologists. In Zambia, medical and technical resources are scarce (i.e., there is currently no
formally trained and certified cytotechnologist,
there is only one full-time pathologist at the university, and the national physician density is only
0.12 physicians per 1,000 population).45 These
and other factors led us to conclude that the main
emphasis of our program should be placed on the
extent of screening coverage rather than on the frequency of examinations. A highly specific screening test such as cytology, while useful in settings
where there is low disease prevalence, is not the
most useful test for countries like Zambia that have
high disease prevalence. HPV DNA testing has
gained popularity in the United States and Western
Europe. However, the present cost of the test, its
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and other associated conditions before they could
develop invasive cervical cancer.39,40 This theory is
supported by the results of a recent preliminary
report41 on the natural history of CIN and HPV in a
cohort of 400 HIV-positive South African women.
All women were antiretroviral therapy (ART)
naive at baseline. During the first 18 months of the
study, almost 20% of the participants died. Their
median age was 28 years, almost 25 years younger
than the mean age at which HIV-negative South
African women are diagnosed with cervical cancer.42 Predictors of death were median values of
CD4 counts and HIV viral loads.
In a recent report40 from the U.S. Census
Bureau, the life expectancies of individuals living in Zambia, Angola, and Swaziland, from the
time of birth, were reported as 38 years, 37 years,
and 32.5 years, respectively. Life expectancy rose
to 55 years for Zambian men and women when
deaths from AIDS were removed from the calculations. A 2006 epidemiologic study39 performed
in KwaZulu-Natal, the epicenter of South Africa’s
HIV/AIDS pandemic, revealed an inverse relationship between HIV/AIDS mortality and invasive
cervical cancer prevalence over two time periods. Supporting evidence indicated this was due
to competing mortalities related to HIV/AIDSrelated illnesses.
Recent efforts have made ART available on a
scale unthinkable even a few years ago. Through
efforts such as the U.S. President’s Emergency Plan
for AIDS Relief (PEPFAR)43 and the Global Fund
to Fight AIDS, Tuberculosis and Malaria,44 there
has been a massive scale-up of HIV treatment and
care in developing countries. As a result of this
increased access to affordable and effective therapy for both HIV and HIV-related opportunistic
infections, the lives of HIV-positive women living
in these countries may be prolonged. However,
living for longer periods of time in immunocompromised or partially immunocompromised states

laboratory-based nature, the necessity for patient
recall, and the test’s relatively low specificity make
it inappropriate for conditions such as those found
in Zambia.
Over the past 10 years, unaided visual inspection of the cervix following the application of
dilute (3%–5%) acetic acid (VIA) has been proposed as a promising alternative to the Pap smear,
particularly in settings with scarce resources. Its
sensitivity is greater than that of the Pap smear,
and it is cheap, easy to learn, simple, safe, efficacious, acceptable, real-time in nature, and easily
adaptable for use in developing countries.46-53 VIA
has been recently shown to significantly reduce the
incidence of CIN and cervical cancer as well as the
mortality rates of the latter in developing-country
settings.54,55 However, despite its many positive
attributes, VIA has several serious shortcomings
that need to be addressed before its performance
can be optimized:
• Low specificity, most commonly due to the
inability of VIA to distinguish between some
forms of dysplasia and acetowhite, benign
“look-alike” entities (e.g., immature squamous
metaplasia, acanthosis, severe cervicitis, glandular hyperplasia, cervical hyperplasia, keratosis, etc.), which can turn white when exposed to
dilute acetic acid (i.e., acetowhite)
• Limitations in delineating the morphologic
characteristics used to determine whether acetowhite cervical lesions are potentially dysplastic or not (e.g., sharpness of the borders between
acetowhite and normal epithelium, degree of
opaqueness, lesion size, and lesion location in
relationship to the squamocolumnar junction)
• The inability to consistently visualize abnormal
vascular architecture that is often compatible
with high-grade lesions or invasion (e.g., coarse
punctations, mosaicism, atypical blood vessels)
• The difficulty of performing quality control, monitoring and evaluation performance
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measures (quality of VIA services), and assessment of appropriateness of decisions made by
providers, outside controlled settings
• The requirement of an on-site clinic visit by
a consultant, and possibly a repeat clinic visit
by the client, if the primary screener deems the
VIA result “indeterminate”
While colposcopic magnification and colpophotography provide many of the solutions to the
aforementioned shortcomings of VIA, their costs
and training requirements are prohibitive, making them unsustainable in resource-limited settings. For this reason, we chose to use VIA and
adjunctive digital cervicography when establishing
Zambia’s first single-visit “see and treat” program
in January 2006. Digital cervicography was selected
as an adjunct because of its low-tech nature, simplicity, reproducibility, availability, and ability to
be used as a tool for (1) assessment of provider
decision-making skills, (2) continuing education
of providers, (3) education of patients, (4) distance
consultation, (5) record keeping, (6) global wireless communication, and (7) improvement of the
sensitivity and specificity of VIA.56

“See and Treat”
VIA is based on the white appearance of dysplastic
cervical epithelium after exposure to dilute 3%–5%
acetic acid (vinegar) for two to three minutes. The
mechanism underlying the change is thought to
be secondary to acetic acid’s dehydrating effect on
cellular cytoplasm and its ability to coagulate cellular proteins, the latter of which are usually found
in larger amounts in dysplastic epithelium. The
result is less transmission and greater reflection
of incandescent light off the surface of dysplastic
epithelium, recorded as a white appearance to the
human eye. The establishment of “see and treat”
cervical cancer prevention programs in developing
countries, which use specially-trained nurses and
paramedical workers to screen with VIA and treat

From the ground up: Establishing a Framework for Success

Training
All providers were licensed Zambian nurses or
nurse-midwives who were trained to perform
VIA followed immediately by digital cervicography and cryotherapy. Nurses were chosen as the
program’s primary providers because they are in
large supply in Zambia and most are familiar with
performing pelvic exams and functioning independently in the clinic setting. Providers initially
attended a three-day didactic training workshop
on cervical cancer prevention, which included the
following topics:
• Embryology, anatomy, and physiology of the
female reproductive tract
• Epidemiology and natural history of cervical
carcinogenesis
• HIV and cervical carcinogenesis
• Cervical cancer screening methods: cytology, VIA, HPV DNA testing, and digital
cervicography
• Treatment of CIN: cryotherapy, LEEP (loop
electrosurgical excision procedure), cold-knife
conization (benefits, side effects, and complications of each)
• Cervical cancer staging and treatment
• The potential utility of the HPV vaccine in
developing nations
• Syndromic treatment (WHO) of pelvic infections
• How to educate the community about cervical
cancer screening

• How to use a digital camera
• Computer basics
• How to perform cryotherapy and manage
complications
• Indications for immediate treatment or referral
• Management of patient records
Following didactic training, nurses spent eight
weeks in clinics gaining hands-on experience in
VIA, digital cervicography, cryotherapy, and indications for referral, initially under the guidance
of a gynecologist. At the end of the eight-week
practicum, each nurse-in-training had successfully performed a minimum of 100 visual examinations, 100 digital photographs, and 35 cryotherapies. The first group of trained nurses was
used to train subsequent groups of nurses, with
monitoring by gynecologists (i.e., the training-oftrainers model).

Screening and Treatment Protocol
VIA was performed by applying 5% acetic acid to
the cervix for two to three minutes, after which
time the cervix was immediately inspected with the
naked eye with the aid of a gooseneck halogen lamp.
After manually recording results by drawing on a
diagram of the cervix, the cervix was again washed
with 5% acetic acid for two to three minutes, after
which time a digital photograph (cervigram) was
taken. The digital camera was a handheld, batteryoperated model outfitted with a macro conversion
lens (10x zoom), adapter tube, and automatic flash.
Visualization of the cervix on a television or laptop
monitor was used to focus the image prior to taking the photograph.
The still photograph of the cervix was immediately uploaded onto a laptop or television monitor, magnified 30x and rotated 360 degrees to better
characterize the lesion’s extent, thickness, margins,
vascular patterns, and vicinity to the squamocolumnar junction. Nurses then used the cervigram
to explain the findings to the patient.
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with cryotherapy while triaging complicated cases
for expert evaluation by consultants, is particularly
beneficial given the chronic shortage of highly
skilled medical manpower in such settings. In the
very near future, it may be possible to use a lowcost, rapid HPV DNA test as a screening modality.
Even so, some form of visual assessment of the cervix will still be necessary in order to characterize
HPV-positive lesions and make appropriate treatment decisions.

Cryotherapy was performed if there was, at
a minimum, an acetowhite lesion with wellcircumscribed borders within the transformation
zone and originating at the squamocolumnar junction. Cryotherapy was performed using the 3-5-3
minute (freeze-thaw-freeze) technique57,58 with
compressed nitrous oxide gas. Patients were extensively counseled regarding post-cryotherapy care
and informed about the warning signs of infection,
serious bleeding, and so on. They were also given a
pamphlet in their native language explaining these
issues and another pamphlet specifically designed
for their sexual partners. They were then scheduled
for return visits after 1, 6, and 12 months.

Referrals
Patients with lesions judged by nurses to be too
complex for treatment with cryotherapy were
referred for histologic evaluation to the Cervical
Cancer Prevention Outpatient Unit at the University
Teaching Hospital of Zambia, where three Zambian
gynecologists and a nurse were trained to perform
cervical biopsy, LEEP, and exam under anesthesia (EUA). Criteria established for referral were as
follows: (1) large-volume lesion (occupying three
or more quadrants of the transformation zone or
unable to be completely covered by the largest available cryoprobe), (2) extension into the endocervical
canal beyond visualization, (3) suspicion of invasion
(fungating, exophytic, ulcerative, necrotic, extremely
raised, contact bleeding, abnormal vasculature), or
(4) persistence at 6 or 12 months post-cryotherapy.

Quality Control and Nursing Education
Once a week, all nurses were required to participate
in a digital cervicography quality-control meeting.
During the meeting, they displayed the cervigrams
from all patients they had examined during the
prior week on a large screen (using an LCD projector), and explained or defended their management
decisions. Any discrepancies between a nurse’s
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management decision and that of the expert consultant in attendance were assessed and judged by
the consultant. A cervigram-histology correlation
review session was included in the weekly meetings for the purpose of increasing nurses’ understanding of the myriad of visual (cervicographic)
manifestations of different types of underlying histology (e.g., normal/benign [cervicitis, squamous
metaplasia, nabothian cysts, endocervical polyp,
glandular hyperplasia, inflammation, cervical
hyperplasia, keratosis, etc.], CIN1/HPV, CIN2,
CIN3, microinvasive cancer, and invasive cancer).

Distance Consultation
Nurses functioned independently during daily
operations in the clinic; cervigrams about which
they were uncertain were classified as “indeterminate.” All such cervigrams were immediately
uploaded onto a laptop computer and instantly
transmitted to the on-call consultant for review
(i.e., digital telecervicography), followed by either
a text message or cell phone call indicating that a
consultation was being requested. Distance consultations were performed while patients were still in
the clinic and, in some cases, still on the examination table. If no computer or cell phone connection was available or the wireless communication
system was malfunctioning, nurses downloaded
“indeterminant” cervigrams onto flash drives and
transported them to the consultant by car.

Record Keeping
Each nurse’s cervigrams were uploaded onto the
hard drive of his or her laptop computer and maintained as permanent patient records. Cervigrams
were backed up on the hard drive of a desktop
computer on a regular basis.

Initiation of the Program
Most developing countries lack population-based
cervical cancer screening programs of any kind.
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sharing considerably lowered start-up and maintenance costs while facilitating rapid program initiation and expansion.
During the first year of our program, we established six cervical cancer prevention clinic sites.
An additional eight were established in the second
year, for a total of fourteen. We also established
a Cervical Cancer Prevention Outpatient Unit on
the campus of the University Teaching Hospital.
While HIV-positive women have remained our
target population, we were very careful not to stigmatize the program. All cervical cancer prevention
examination rooms were physically located a distance away from ART clinics, and screening services were offered to all women regardless of their
HIV status.

Community Sensitization
As we neared the completion of the eight-week
nurse training program, we contacted key stakeholders in the community and explained the
problem of cervical cancer in their communities;
its causes; the synergistic relationship between
HIV, HPV, and cervical cancer; and the importance of screening and treatment. Our discussions
were thorough and open, had no time limits, and
incorporated the use of pictures, diagrams, and
PowerPoint presentations. All meetings were held
in community centers within the communities
where new clinics were to be established. Light
refreshments were served after the meetings, and
attendees from the community were reimbursed
for their travel expenses. Meetings were not segmented by gender, age, ethnic group, or any other
characteristic. Presentations were led by a gynecologist from either Zambia or the United States.
Educational material in the appropriate languages
was distributed after each meeting, and the presenter always stayed as long as necessary for questions and answers.
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Common reasons often cited are extreme poverty, health-care issues with higher priorities (e.g.,
malaria, tuberculosis, HIV), shortages of material
resources, lack of trained manpower, a dysfunctional health-care infrastructure, and disenfranchisement of women (Sten Vermund, MD, personal communication, December 2007).
We found that one way to cross these longstanding barriers was to integrate cervical cancer
prevention services into PEPFAR-funded HIV
care and treatment services. In Zambia, a major
partner in the Zambian government’s effort to
provide PEPFAR-funded HIV care and treatment services is the Center for Infectious Disease
Research in Zambia (CIDRZ), a nongovernmental organization (NGO) formed jointly by the
Zambian Ministry of Health and the University
of Alabama at Birmingham. HIV care and treatment services facilitated and managed by CIDRZ
are tightly integrated into Zambian governmentoperated public health clinics. By collaborating
with CIDRZ and modeling our cervical cancer
prevention services after its PEPFAR-funded
HIV care and treatment services, we were able
to successfully initiate a cervical cancer prevention program in Zambia. CIDRZ provided the
funding and much of the strategic guidance
for the development of the cervical cancer prevention program. Another major collaborating partner in this effort was the Lusaka Urban
District Health Management Team, which operates all public health clinics in Lusaka, and the
University Teaching Hospital of Zambia (UTH),
the referral site for all patients within Lusaka
with complex cervical lesions that need further
evaluation. Cohesive linkages between collaborators permitted the sharing of financial resources,
infrastructure, manpower, and information technology while allowing female clients access to
much-needed specialized preventive health-care
services. Such linkages and subsequent resource

Clinic Staff Education
Within two weeks following the community sensitization meeting, a similar educational meeting
was held for the entire staff of the governmentoperated clinic in which the cervical cancer prevention services were to be located. This meeting was
always organized through the “nurses in charge” of
the clinics, due to their immense responsibility and
tremendous influence, both in the clinic and community. The staff education consisted of a lecture
on the subject of cervical cancer prevention. Topics
included in the lecture were as follows:
• What is cancer?
• Basic anatomy of the female reproductive tract
• Cancer of the cervix—its origin and natural
history
• Epidemiology of cervical cancer globally, in
resource-constrained developing nations, in
sub-Saharan Africa, and in Zambia
• Risk factors for cervical cancer, with emphasis
on HIV
• How cervical cancer can be prevented—primary
prevention (HPV vaccine, lifestyle changes) and
secondary prevention (screening—HPV DNA
testing, cytology, VIA, digital cervicography)
• HPV in men
• Cervical cancer screening in Zambia
• The role of the clinic staff in promoting cervical
cancer prevention
• Questions and answers

Continuing Community Sensitization
Peer Educators
An essential component of community education
and encouraging clients to be screened involved
peer educators (community-based health promoters). It is important to select peer educators from
the community where the clinic will be located.
Their knowledge of the local environment increases
their overall effectiveness as community educators
and client advocates. Living in the community that
436

surrounds the clinic also increases their availability
to friends and neighbors who may have questions
about screening and prevention. Several times a
day, peer educators talked with groups of people
in the community as well as potential clients who
were sitting in waiting rooms of HIV care and
treatment sites and other medical clinics. Their
activities included the distribution of educational
pamphlets in the clinics and the surrounding community. When nurse-midwives became very busy,
peer educators helped administer intake questionnaires to clients, particularly those unable to read
and/or write. For each of our clinic sites, we hired
two volunteer peer educators who receive monthly
reimbursements for travel and other work-related
expenses. It is important to note that in resourcelimited settings such as Zambia, where unemployment rates are extremely high, volunteers often
consider their positions as actual jobs, as this may
be their single or major source of income.
Drama Groups
Community-based drama groups created skits
using key messages about cervical cancer and HPV,
as well as announcing the availability of new screening and treatment facilities. All members of our cervical cancer team had input into the development
of the content and method of delivery of the skits.
Drama performances were held within the various
communities once per quarter. Peer educators from
the respective clinics were always in attendance at
the drama group sessions in order to answer questions from members of the community.
Radio
Public radio spots permit information sharing about cervical cancer as well as describing
the screening process. Any member of the cervical cancer team may appear as a guest, but the
personal perspectives of women who have been
screened and of clinic nurses have been especially
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Figure 1. Cumulative enrollment by clinic
effective. If the program is a call-in talk radio show,
listeners can ask questions, increasing the interactive nature of the exchange. Radio often reaches a
wide audience in places where people do not own
televisions or have access to newspapers and educational brochures.
Television
In those areas where many people have televisions,
it can be helpful to request a spot on a health education program. Many news stations have short
health segments from time to time, so it can help to
contact the news stations with information about
the services being offered.

Early Outcomes
Between January 2006 and October 2007, we
established 14 prevention sites in outlying
government-operated public health clinics and a

modern outpatient evaluation center (Cervical
Cancer Prevention Outpatient Unit). During this
22-month period, 8,823 women were screened
(Figure 1). Their mean age was 33.4 years (standard
deviation ±9.4) and their median age was 32 years
(interquartile range: 26–39). VIA test results were
recorded and positive in 51% of women screened
and negative in 44% (Figure 2, next page). Fifteen
specially trained nurses independently managed
95% of clients in the outlying clinics and referred
the remaining 5% for further evaluation. Four physicians managed the outpatient evaluation center
(Cervical Cancer Prevention Outpatient Unit),
performing punch biopsy or LEEP, the latter with
minimal intra- and post-operative complications.

Interpretation of Early Outcomes
Although our cervical cancer screening program
targeted HIV-positive women, it had the collateral
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Figure 2. HIV status/VIA test results
effect of reaching women who were HIV-negative
or of unknown HIV status. Approximately 29% of
the women who accessed cervical cancer prevention services were HIV-negative, and 29% were of
unknown HIV status (Figure 2). The proportion
of women testing positive on VIA was affected by
their HIV serostatus (Figure 3, next page).

Will the HPV Vaccine
Work in Africa?
We recently screened 145 HIV-positive, nonpregnant women at a tertiary care center in Lusaka,
Zambia.59 Liquid-based cytology and HPV genotyping with PGMY09/11 biotinylated primers
(Roche Linear Array HPV genotyping test) maximized sensitivity of cytology and HPV assessments. Among high-risk types, HPV 52 (37.2%),
58 (24.1%), and 53 (20.7%) were more common
overall than HPV 16 (17.2%) and 18 (13.1%) in
women with HGSIL or squamous cell carcinoma
on cytology. High-risk HPV types were more likely
to be present in women with CD4 cell counts <200
cells/μL (OR 4.9; 95% CI, 1.4-16.7; P=0.01) and in
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women with high-grade or severe cervical cytological abnormalities (OR 8.0; 95% CI, 1.7-37.4;
P=0.008). HPV viral diversity in high-grade lesions
and squamous cell carcinoma on cytology suggests that vaccines based on HPV 16 and 18 may
not be adequately polyvalent to induce protective
immunity in this population. Our results add to the
findings reported in a recent meta-analysis of HPV
types among HIV-positive women60 and the recent
data from diverse international settings that reflect
the increased preponderance of HPV types other
than 16 or 18 among HIV-positive women.61-64
If cross-reacting immunity is not induced across
viral types by existing vaccines, this will limit vaccine efficacy in immunosuppressed women in
developing countries where prominent high-risk
HPV types may be other than 16 and 18. However,
these findings in Zambia may not be generalized to all developing countries. The differences
in prevalence and diversity of HPV genotypes in
HIV-positive women from different geographic
origins can perhaps be explained by their differing behavioral, nutritional, and socioeconomic
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Figure 3. VIA test results by HIV serostatus
characteristics or male factors (HPV types infecting the genital tracts of their male partners) as
much as by the varying immunological status of
participants. These factors need investigation in
larger prospective studies around the world and
especially in sub-Saharan Africa, where both HIV
and cervical cancer rates are high.
The results of this study reinforce the importance of ensuring adequate cervical cancer screening services for HIV-positive women in resourcelimited settings such as Zambia. Furthermore,
these results are important in the context of the
recent availability of prophylactic HPV vaccines.
Considering the diversity of HPV types in this
population, HPV vaccine constructs with polyvalency would be needed for primary prevention
of cervical cancer among high-risk women in
developing-country settings.

Conclusion
In Zambia we have successfully created, rolled out,
and scaled up a single-visit “see and treat” cervical cancer prevention intervention using the infrastructure previously established by a successful HIV
care and treatment program (CIDRZ).65 Following
the HIV care and treatment program’s model of
health-care service delivery, we tightly integrated
and linked our cervical cancer prevention services
to government-operated public health clinics,
placed the primary responsibility for screening and
treatment in the hands of nonphysicians (nurses),
and made liberal use of community-based health
promoters (peer educators) to educate the community. The method of screening we chose to use
was VIA and adjunctive digital cervicography. The
latter was used to provide visual documentation
for medical records, a measure of quality control,
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patient and nursing education, and a form of wireless, digital distance consultation (telecervicography). Trained nurses bore the major responsibility
for screening, treatment (cryotherapy), and referral
for physician evaluation, with backup from a minimal number of physician consultants. A Cervical
Cancer Prevention Outpatient Unit was created to
manage referrals.
Using all these elements, we built—from the
ground up—a thoroughly modern but practical cervical cancer prevention infrastructure
that supported and promoted the development
of innovative approaches that allowed us to
bypass many of the historic barriers to cervical
cancer prevention in resource-limited settings
(e.g., shortages of highly skilled medical specialists such as gynecologists, cytologists, etc.).
Integrating our prevention program into the
preexisting HIV care and treatment program
infrastructure facilitated a rapid initiation, rollout, and scaling up of our services. Digital-based
visual imaging (digital cervicography) provided
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the tool necessary for training, continuing education, monitoring and sustaining of provider
skills, quality control, distance consultation,
and education of patients. We recently screened
our twenty-five-thousandth patient (in approximately three years), opened our first clinics in
rural provinces of Zambia, and assisted in the
development of sites in other African countries (Cameroon, South Africa, Botswana) and
China. The major challenges we now face are
sustainability and innovative adaptation of this
low-tech (VIA) / high-tech (digital cervicography and Internet) / high-touch (peer educator)
hybrid form of community-based cervical cancer prevention in the face of increasing demand
for our services. This form of electronic Cervical
Cancer Control (“eC3”) represents a new paradigm that has the inherent flexibility to function in low-resource environments and yet take
advantage of ultramodern means of communication which are now rapidly expanding across
the developing world.
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T

uberculosis (TB) is the second
leading cause of infectious disease deaths
worldwide after HIV/AIDS1 and the leading cause of death from a curable infectious disease.2 Since 2003, the number of new TB cases per
capita has stabilized in the European region and
fallen in five World Health Organization (WHO)
regions, with the exception of African countries
with low HIV prevalence.3 In 2006, in the subregion of Africa with high HIV prevalence, both
the annual change in TB incidence and the change
in HIV prevalence were falling (see Figure 1). In
that same year, there were a total of 9.2 million
new cases of TB globally, with 1.7 million resultant
deaths. Of these, 700,000 cases and 200,000 deaths
were among those living with HIV. It is estimated
that 31% of deaths associated with TB occur in
Africa, despite the continent having only 11% of
the world’s population.3,4
Much of the increase in TB infection seen
since1980 is a result of the spread of HIV, especially in
eastern and southern Africa, where between 34% and
70% of TB patients are also coinfected with HIV.2,5
This increase is especially pronounced in countries
with generalized HIV epidemics (i.e., where antenatal
HIV prevalence is greater than 1% in urban areas).5,6

The African region has the highest TB case
notification rate in the world, at 356 per
100,000 population.2 In the six southern African
countries with HIV prevalence of over 20% in
the adult general population, TB case notification
rates are 461 to 719 per 100,000 population (compared with the U.S. rate of 5 per 100,000). 4 In
African populations, TB incidence is eight times
higher among those who are HIV-infected than
among those who living with HIV.3 HIV-related
TB is now acknowledged as one of the four recognized TB epidemiological patterns and is the
primary TB challenge in Africa, causing immense
strain on the delivery of TB control programs
throughout the continent.4,7

TB-HIV Coinfection
HIV infection is a significant risk factor for the
development of TB. As HIV-related immune suppression progresses, HIV-infected individuals with
latent TB infection (LTBI) are 20 times more likely
to progress to active TB disease than those who are
HIV-uninfected.5,6 To illustrate this point, the lifetime risk of developing TB in HIV-negative individuals is 10%, while in HIV-positive individuals this
risk increases to 5% to 10% per year5 (see Figure 2).
Prevention and Management of Tuberculosis
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Figure 1. Time trends in estimated TB rates and the annual change in incidence rates in the African
subregion, based on low and high HIV prevalence settings
Source: WHO3
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Primary TB infection (30%)
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Progressive primary TB (10%)

Uninfected (70%)

Re-infection
HIV-infected
10% annual risk

Post-primary TB

SS

HIV-uninfected
PTB:EPTB  80:20
Predominantly upper lobe
involvement
Cavitation frequent
Tuberculin positive
Sputum smear positive

SS

Early HIV infection
Similar to that of HIVnegative individuals

SS

Late HIV infection
PTB:EPTB  50:50
Multi-site, disseminated
disease
Lower lobe involvement
Intrathoracic lymphadenopathy frequent
Cavitation rare
Tuberculin anergy
Sputum smear frequently
negative

EPTB = extrapulmonary TB; LTBI = latent TB infection; PTB = pulmonary TB; SS = sputum smear

Figure 2. Natural history of Mycobacterium tuberculosis infection in HIV-infected and uninfected
individuals
Source: Sharma et al8
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HIV-infected patients with TB are less infectious than HIV-negative individuals because
they tend to have fewer bacilli in their sputum
and a shorter duration of infectiousness due to
more rapid disease progression and higher mortality.6 At the same time, HIV-infected patients
are highly susceptible to TB acquisition from
HIV-negative patients, who have a longer period
of infectivity and a higher smear-positive rate.4
Thus, despite recent declines in HIV prevalence, the driving force behind the TB epidemic
in Africa is still the high incidence rate of TB in
people living with HIV.
A high index of suspicion is required to diagnose TB in HIV-infected patients, as they may
not present with respiratory symptoms but
rather with weight loss and fever.9 HIV-infected
patients also often present with atypical symptoms. TB has been isolated from patients with
short duration (i.e., less than two weeks) of
cough,10 acute pneumonia, febrile illness, and
diarrhea. In various African countries, TB was
detected at autopsy in up to 47% of cases but
diagnosed antemortem in only half.4 As an opportunistic infection, TB can present at any level
of CD4 lymphocyte count.8 Experience in subSaharan Africa in the 1990s showed that most
people presenting for care with HIV-associated
pulmonary TB (PTB) had CD4 counts ranging
from 250 to 500 cells/mm 3. 11 However, recent
data suggest that patients are now presenting
with more advanced immune suppression; the
median CD4 count of 2,232 TB patients with
PTB and/or extrapulmonary TB (EPTB) enrolling
in antiretroviral therapy (ART) clinics in Lusaka,
Zambia, was 123 cells/mm3 (interquartile range
61-195).12 Studies in Malawi and Zambia showed
that 80% to 90% of patients with previous or active
TB were eligible for ART.12,13 In Lusaka, Zambia,
83% of TB-HIV coinfected patients undergoing
diagnostic counseling and testing at TB clinics had
452

CD4 counts of less than 350 cells/mm3,14 and 75%
of TB patients enrolling in HIV care and treatment
had CD4 counts of less than 200 cells/mm3.12
The clinical presentation of TB in HIVinfected individuals depends on the level of
immune dysfunction; those with more intact
immune systems (i.e., CD4 counts greater than
200 cells/mm3) typically present with more classic signs and symptoms of post-primary TB (i.e.,
pulmonary disease with cough, sputum production, hemoptysis, chest pain, and upper lobe
cavitation). 15,16 Those with CD4 counts of less
than 200 cells/mm3 are more likely to present
with EPTB (i.e., hilar and mediastinal adenopathy, and miliary TB).8,15 EPTB is a WHO stage IV
diagnosis, and these patients have a high risk of
disseminated disease and death.17 In non-HIVuninfected patients, 80% present with PTB and
20% with EPTB, while in HIV-infected patients,
this proportion changes to 30% with PTB alone,
20% with EPTB alone, and 50% with both
PTB and EPTB8 (see Figure 2).
Prompt and accurate diagnosis of TB in
coinfected patients is critical to (1) assess the
need for co-treatment with anti-TB and antiretroviral (ARV) drugs, (2) reduce the incidence of
immune reconstitution inflammatory syndrome
(IRIS), (3) improve treatment outcomes, (4) reduce
nosocomial spread, and (5) promote timely initiation of appropriate prophylaxis against opportunistic infections. Patients enrolling for HIV care
and treatment represent a unique opportunity to
screen, diagnose, and treat TB in a high-risk population. Also, HIV screening in TB clinics is a critical
intervention that provides coinfected patients with
access to HIV counseling and testing. However,
inconsistent screening and limitations in the existing TB diagnostic technology (e.g., sputum smear,
chest radiography, and culture) result in many
TB cases among HIV-positive adults remaining
undiagnosed, especially in sub-Saharan Africa.

From the ground up: Establishing a Framework for Success

Do you have any of the following?
1. Cough for more than two weeks?
2. Coughing up blood?
3. Sweating at night such that you had to
change your bedding/clothing?
4. Fevers lasting for more than one week?
5. Chest pain?
6. Shortness of breath when walking?

Y/N
If patient answers yes to
any of these, suspect TB
and initiate further
investigations

Figure 3. TB screening questions in HIV-positive individuals

Table 1. Clinical Presentation of TB in HIV-Infected Patients
Late HIV Infection
(CD4 <200 cells/mm3)

Early HIV Infection

Pulmonary-toextrapulmonary disease ratio

50:50

80:20

Clinical presentation

Often resembles primary TB

Often resembles post-primary TB

Chest radiograph
Intrathoracic lymphadenopathy

Common

Rare

Common

Rare

Cavitation

Rare

Common

Sputum smear positivity

Less common

Common

Adverse drug reactions

Common

Rare

Relapse after treatment

Common

Rare

Characteristic

Lower lobe involvement

Source: Sharma et al8

PTB in HIV-Infected Patients
Presentation and Diagnosis
In the past, a cough lasting at least three weeks was
the minimum symptom duration for considering a
PTB diagnosis. However, recent studies suggest that
a shorter duration of cough can signify TB in HIVinfected patients.10 WHO currently recommends
investigation for TB among those with a cough of
more than two weeks in duration18,19 (see Figure 3).

The most important nonrespiratory symptoms to
signal TB investigation are persistent fever, unexplained weight loss, severe undernutrition, suspicious nodes, or sweats.19 Other respiratory symptoms include chest pain, hemoptysis, and shortness
of breath. Systemic symptoms include fatigue, loss of
appetite, and secondary amenorrhea9 (see Table 1).
Sputum smear microscopy by the Ziehl-Neelsen
method is the primary TB diagnostic technology used in sub-Saharan Africa. Although highly
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Source: Adapted from Ministry of Health, Zambia18

Box 1. Patient Instructions for Sputum Collection
The way in which sputum is collected strongly affects the quality of sputum examination. Sputum that is not
properly collected will not give the correct result. Poorly collected sputum may not show TB germs even when
you have TB, thereby preventing you from getting TB treatment that you need.
You must carefully follow the instructions on how to cough and handle the sample.
If you have questions, feel free to ask any health worker attending to you.
How to produce sputum
Sputum should be collected away from other people, preferably outdoors in an open space.
Steps to follow
1. Rinse your mouth with warm water. This will help remove food and any contaminating bacteria
in the mouth.
2. Take two deep breaths, holding your breath for a few seconds after each inhalation and then
exhaling slowly.
3. Breathe in a third time and then forcefully blow (exhale) the air out.
4. Breathe in a fourth time and cough from deep within the chest.
5. Hold the container close to your lips to spit into it gently after a productive cough.
6. Tightly secure the lid on the container.
7. Wash your hands with soap and water.
8. Deliver the sputum container to the health worker or laboratory.
Source: Adapted from WHO20

specific, smear microscopy is technically limited,
with a sensitivity of 50% to 60%, especially in
patients with low concentrations of mycobacteria
(as is commonly the case in HIV-positive individuals).21,22 Thus, the usefulness of smear microscopy
is relatively limited in high-prevalence settings
such as sub-Saharan Africa, where WHO estimates that only 54% of smear-positive cases are
detected.23 The quality of sputum microscopy is
further limited by inadequate sputum collection,
storage, and staining, as well as reading errors24
associated with heavy workloads and staff shortages, since the effectiveness of sputum micro
scopy is highly dependent on the diligence of
the microscopist and time spent per smear.25 In
a review of 15 studies, the proportion of smearnegative results in HIV-infected patients ranged
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between 24% and 61%.24 Despite these limitations,
sputum smear microscopy is still the first step in
the diagnosis of patients with suspected TB, pending new TB diagnostics appropriate for resourcelimited settings.
The technique used for sputum collection is critical to improving diagnostic yield (see Box 1). At
least two specimens should be examined for acidfast bacilli (AFB), with one specimen produced in
the early morning after an overnight sleep.17,20 A
smear-positive TB case in an HIV-infected patient
(or a patient with strong clinical evidence of HIV
infection) is defined as a case with at least one sputum smear positive for AFB (see Figure 4). These
patients require immediate referral to the national
TB program for directly observed therapy (DOT)
and follow-up.
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OPD
Day 1: TB Suspected
• 1st AFB spot sputum sample
• Chest X-ray (CXR)
• Provider-initiated counseling and testing
HIV +ve or status unknown

OPD
Day 2 (visit 2)
Submit 2nd sputum sample (morning
specimen)
Collect sputum results in afternoon
• 1 smear positive  TB
• 2 smears negative + suggestive CXR  TB
• 2 smears negative  non-suggestive
CXR  give antibiotic for 7 days

OPD
Day 7 (visit 3)
Assessment of antibiotic response of
smear negatives
• Response  non-suggestive CXR  no TB
• No/partial response  2nd AFB set 
arrange follow-up

OPD
Day 8 (visit 4)
Reassessment of 2nd AFB results
• 1 smear positive  treat for TB
• 2 smears negative  suggestive CXR
 clinical judgment  treat for TB
• 2 smears negative  non-suggestive CXR
 clinical judgment  no TB
• Arrange follow-up

OPD
Day 2 (visit 2)
Submit 2nd sputum sample (morning
specimen)
Collect sputum results in afternoon
• 1 smear positive    TB
• 2 smears negative  suggestive CXR  TB
• 2 smears negative  non-suggestive
CXR  send sputum for culture, give
antibiotic for 7 days  start
cotrimoxazole preventive therapy
TB
Clinic

ART
Clinic

prevention and management
of tuberculosis

HIV –ve

OPD
Day 7 (visit 3)
Assessment of antibiotic response of
smear negatives
• Positive response to antibiotics: (1) based
on clinical judgment may treat for TB or
(2) patient to return if symptoms recur
or (3) repeat AFB and (4) follow-up
culture results
• No/partial response  TB treatment 
follow-up culture
OPD
Day 8 (visit 4)
Reassessment of 2nd AFB results
• 1 smear positive  treat for TB
• 2 smears negative  suggestive CXR
 clinical judgement  treat for TB
• 2 smears negative  non-suggestive CXR
 clinical judgment  no TB
• Arrange follow-up

AFB = acid-fast bacilli; OPD = outpatient department

Figure 4. Algorithm for the diagnosis of TB in ambulatory patients
Source: Adapted from WHO17
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Approach to Smear-Negative PTB
Smear-negative PTB in HIV-infected patients (or
patients with strong clinical evidence of HIV infection) is defined as symptomatic illness with at least
two negative smears for AFB and TB indicated by
chest X-ray (CXR) abnormalities consistent with
active TB and a decision by a clinician to treat with a
full course of anti-TB medications or a sputum culture positive for Mycobacterium tuberculosis (MTB).17
HIV-infected patients with smear-negative TB are
more likely to die (hazard ratio 2.2) than those with
smear-positive TB, before and after diagnosis,26 due
to severe immunosuppression or delays in treatment
initiation associated with prolonged diagnostic workups. Diagnostic algorithms used to date, if followed
without delay, can require up to 30 days or longer
for a diagnosis to be made, and this delay can lead to
increased mortality.27 In addition, multiple diagnostic steps can lead to high patient attrition.28 Current
WHO guidelines recommend a maximum of four
visits for ambulatory patients from initial presentation to diagnosis, while minimizing the number of
days required to establish a diagnosis (see Figure 4).
Thus, in the 2007 WHO algorithm for the diagnosis
of smear-negative TB, the emphasis is on expediting
the diagnostic process so that treatment can be initiated as soon as possible. In addition, some experts
suggest that ART should be started soon after
TB diagnosis, but final recommendations await the
results of ongoing randomized trials. Consequently,
ambulatory HIV-infected patients with suspected
TB should be assessed as follows:
First visit (day 1): Sputum smear microscopy
for AFB is performed.
Second visit (day 2): If one smear is AFBpositive, the patient should be treated for TB. If
negative, all investigations available at the site
should be initiated during this visit, including a
repeat AFB smear, CXR, and culture. Follow-up
should be organized as soon as possible to review
investigations. Repeat clinical examination at this
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point may enable a decision to treat with antiTB drugs.17 Cotrimoxazole preventive therapy
should be provided to all HIV-infected TB patients
who are not already taking it.
All investigations should be available at this
visit (except culture), and patients with suspected
TB should be initiated on treatment. Disseminated
TB should be suspected in any HIV-infected patient
with rapid or marked weight loss, fever, and night
sweats. If a decision is made to not treat TB at this
time, then one course of broad-spectrum antibiotic
(not fluoroquinolones) to treat both typical and atypical bacterial infection or treatment of Pneumocystis
carinii pneumonia (PCP) should be initiated.
Third visit (day 7): During this visit, response
to initiated therapy, whether anti-TB treatment
or antibiotics, is monitored. Even if an immediate response to broad-spectrum antibiotics is
observed, superimposed TB must still be considered. Those who do not respond to treatment
should be reassessed for the presence of TB and,
if indicated, anti-TB therapy should be initiated.
Although nonresponse to antibiotics increases
the likelihood of TB, a response to antibiotics does not exclude TB, as many HIV-positive
patients are coinfected with bacterial pathogens.
The primary role of antibiotics is not as a diagnostic aid but to treat concomitant bacterial
infection in patients with cough.17 If the patient is
initiated on anti-TB therapy without confirmatory tests, close monitoring is required to confirm that the patient is responding clinically. If
TB is still suspected, repeat AFB smears.
Fourth visit (day 8): Reassess repeat AFB
smears. In cooperation with the TB laboratory,
systems should be in place to ensure that TB culture results are received and reviewed by a clinician. This should include mechanisms to trace
patients not on TB treatment who subsequently
develop positive cultures, so that appropriate
treatment can be initiated.
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Chest Radiography
Although HIV reduces the specificity of CXR presentation, radiographic presentations in people
living with HIV are now well described and should
no longer be considered “atypical” for TB in HIVprevalent settings. Although CXRs are not routinely available in all settings, where available,
they should be performed early in symptomatic
patients, as they can potentially shorten the time
to diagnosis and treatment initiation.29 The value
of routine chest radiography in asymptomatic
patients has been questioned.28 CXR characteristics depend on the level of immunosuppression.
If TB occurs in the early stages of HIV, the CXR
shows more typical findings, including cavitation
and upper lobe disease, and sputum smears are
more likely to be positive.16 With more advanced
HIV disease (i.e., CD4 count less than 200 cells/
mm3), patients often present predominantly with
radiographic signs consistent with primary TB,
including lower lobe involvement, absence of
cavitation, and air-space disease similar to bacterial pneumonia; smears tend to be negative8,16 (see
Table 1). In addition, patients with severe immunosuppression are more likely to have EPTB presentations on CXRs, such as intrathoracic lymphadenopathy, and markers of disseminated disease,
such as miliary disease. Ten percent to 20% of
coinfected patients can have normal CXRs.8

EPTB in HIV-Infected Patients
The diagnosis of EPTB in an HIV-infected patient
(or a patient with strong clinical evidence of HIV
infection) is defined by one specimen from an

extrapulmonary site that is smear AFB or culture
positive, or the presence of histological or strong
clinical evidence consistent with active EPTB. 17
EPTB is not often diagnosed microbiologically,
but rather on clinical or symptomatic features
without confirmation. In a Tanzanian study, only
18% of EPTB patients had laboratory confirmation.30 In Côte d’Ivoire, disseminated TB was
found at autopsy in 44% of patients presenting
with wasting syndrome; none had been diagnosed
antemortem.31 In Malawi, 10% of patients presenting with severe anemia had disseminated TB in
the bone marrow.32
Overall, approximately one-third of deaths
in sub-Saharan Africa among people living with
HIV are due to disseminated TB, but only 50%
are actually diagnosed prior to death.17 Especially
in patients with fever and wasting, a high index
of suspicion and presumptive therapy are often
required. In Malawi, MTB was the most common
cause of bloodstream infection, occurring in 17%
of febrile adult patients on the medical ward of a
central hospital. In 77% of these patients, TB was
diagnosed by routine investigation (i.e., sputum smear, CXR), but in 11%, TB was not suspected and was diagnosed only by blood culture.33
EPTB is one of the most common causes of fever
of unknown origin in HIV-infected patients. 8
Mycobacteremia should be suspected in patients
with anemia, HIV infection, cough, chronic fever
and weight loss, and clinical diagnosis of AIDS.
In most patients, the presentation of disease is
characteristic enough to allow diagnosis without
bacteriologic or histologic confirmation. With
the exception of lymph node aspiration, investigations will often mislead or delay the diagnosis
and are usually expensive or not available34 (see
Figure 5).
Common forms of EPTB, discussed below, include
pleural effusion, pericardial effusion, tuberculous
ascites, TB lymphadenitis, and TB meningitis.8,16
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Patients should be classified as seriously ill
and referred to higher-level care if one or more
of the following signs are present: unable to walk
unaided, respiratory rate greater than 30 breaths
per minute, fever over 39 degrees Celsius, pulse
rate over 120 beats per minute.

Signs and symptoms in patients with
suspected EPTB
• Cough for 2 weeks or more
• Unintentional weights loss with
• Night sweats and
• Temperature  37.5˚C
• Shortness of breath
• Enlarged lymph nodes in neck/axilla
• Chronic headache or altered mental
state
Chest X-ray
• Miliary pattern
• Enlarged heart
• Pleural effusion
• Enlarged mediastinal lymph nodes

Physical signs in patients with
suspected EPTB
• Lymph node swelling in neck or axilla
Possible TB lymphadenitis
(may also present with other types of TB
and may be only way to make a diagnosis)
• Signs of fluid in chest
• Reduced or absent breath sounds
• Dull to percussion
Possible TB pleural effusion
• Signs of fluid around heart
• Distant heart sounds
• Peripheral edema (right heart failure)
• Tachycardia
• Distended neck veins
Possible TB pericariditis
• Signs of meningitis
• Neck stiffness
• Confusion
• Abnormal eye movements
Possible TB meningitis

Figure 5. Diagnosis of extrapulmonary tuberculosis
Source: Adapted from WHO17

Presentation and Diagnosis of
Pleural Effusion
Pleural effusions are usually unilateral but may be
bilateral. In Africa, 95% of unilateral pleural effusions are TB related, and it is the most common
EPTB presentation in HIV-infected patients.35,36
Patients may present with pleuritic chest pain,
a nonproductive cough, and shortness of
breath. Clinical signs include decreased breath
sounds and dullness to percussion, both of which
can be confirmed by CXR. Suspicion is highest
if associated with night sweats, weight loss, or
fever.9 Unlike in HIV-negative patients, pleural
effusions in HIV patients do not resolve spontaneously and remain culture positive for prolonged periods.37
The diagnosis of pleural effusion is usually
presumptive, as most settings do not have the
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capacity to provide a microbiologic or histologic confirmation. If thoracentesis is not available, TB treatment should be started, especially
if the patient is suspected or confirmed to be
HIV-infected. If a pleural tap is performed and
the fluid is clear, straw-colored, and clots on
standing in a plain tube, then the patient can be
treated presumptively as having TB. Lab analysis
of pleural fluid consistent with TB should have
protein greater than 30g/L and greater than 50%
lymphocytes.17,38 In HIV-infected cases, pleural
fluid is positive for AFB in approximately 20% of
cases, and culture is positive in less than 30% of
cases.9,39 Neither method, however, is required to
make the diagnosis. Pleural biopsy is invasive, not
routinely available, and requires histologic examination, but does show characteristic features of
TB (e.g., granulomatous inflammation, caseating
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Presentation and Diagnosis of
Pericardial Effusion
In Africa, 90% of pericardial effusions in HIVinfected patients and 70% in non-HIV-infected
patients are due to TB.40,41 Pericardial effusion is
usually associated with systemic symptoms (e.g.,
night sweats, fever, and weight loss) and evidence of TB elsewhere. Patients can present with
cough, shortness of breath, and, if severe, signs
of right heart failure (i.e., right hypochondrial
pain due to liver congestion, abdominal distension due to ascites, or peripheral edema). Cardiac
signs include tachycardia, hypotension, pulsus
paradox, and elevated jugular venous pressure.
Pericardial effusion usually develops slowly, is
another presentation of exudative effusion, and
should be suspected in anyone with signs of an
enlarged cardiac silhouette on the CXR (present in 90% of cases), congestive heart failure, or
cardiac tamponade or pericardial constriction.

CXRs can show active PTB in 30% of cases and
pleural effusion in 40% to 60% of cases.40
Due to the high prevalence of pericardial TB in
African countries, patients should not undergo
diagnostic pericardiocentesis, but should instead
be treated empirically with anti-TB medications.
In most cases, a presumptive diagnosis is safer
and more expeditious than investigating pericardial fluid for AFB; culture is not required. 9
Therapeutic pericardiocentesis should be undertaken only by someone who is experienced and
only if there are signs of cardiac tamponade. If the
clinician is unsure of the diagnosis, ultrasound is
a noninvasive method that can assist by showing
pericardial fluid with strands crossing between
visceral and parietal pericardium. Steroids may
have benefits, but the clinical trials published
to date are too small to demonstrate an effect.42
Kaposi’s sarcoma should always be considered in
patients with pleural or pericardial effusions and
advanced HIV.

Presentation and Diagnosis of
Tuberculous Ascites
Patients with tuberculous ascites present with
constitutional symptoms and palpable abdominal masses from mesenteric lymph nodes. Ascites
may be less common than in HIV-negative
patients.43 Patients may also present with bowel
obstruction or fistulae formation between bowel,
bladder, and abdominal wall. A CXR may show
evidence of PTB. A peritoneal tap will show
clear yellow exudative fluid with predominantly
lymphocytes and protein greater than 30g/L.
Ultrasound is not necessary but may show hepatosplenic focal lesions or enlarged mesenteric
or retroperitoneal lymph nodes. Diagnosis can
be made presumptively if the above investigations are not available. Other causes of exudative
ascites are malignancy and infection. Causes of
transudative ascites that should be considered are
Prevention and Management of Tuberculosis
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necrosis, or AFB) in 50% to 97% of cases.39 If the
pleural fluid is cloudy or bloody or bilateral, this
should prompt further investigations and the
consideration of alternate diagnoses. Diagnoses
to consider include malignancy (e.g., pulmonary
Kaposi’s sarcoma if the patient has advancedstage HIV), post-pneumonic effusion, pulmonary
embolus, pancreatitis, and amoebic liver abscess.
Untreated tuberculous effusions, in those without HIV infection, will resolve spontaneously in
4 to 16 weeks, with the subsequent development
of EPTB or PTB in 43% to 65% of cases over the
next several years.39 The use of steroids in HIVassociated pleural effusions is not currently
recommended.39 Newly developing or worsening pleural effusion may represent an IRIS presentation (see section “Immune Reconstitution
Inflammatory Syndrome” later in this chapter)
or an unmasking of TB in someone not yet diagnosed with disease.

congestive cardiac failure, nephrotic syndrome,
liver cirrhosis, or schistosomiasis.9

Presentation and Diagnosis of
TB Lymphadenitis
Asymmetric lymphadenopathy is a common problem in HIV-infected patients. TB is the most likely
diagnosis, but other reactive, HIV-associated infections and malignancies can also present in a similar fashion. TB lymphadenitis more often presents
with nodes that are asymmetric, firm, greater than
2 cm, and usually in the cervical region.
The diagnosis of TB lymphadenitis can be
obtained rapidly in up to 85% (studies vary)44,45
of patients with wide-needle aspiration (using an
18-gauge needle). In one study, the use of needlecore biopsy (using a 16-gauge needle) was found
to be diagnostic in 88% of patients, and CXRs
were abnormal in 85%.46 TB treatment should be
started immediately if needle aspiration cannot
be performed, results are delayed, or the patient
is unlikely to return or has other features of disseminated TB.9

Presentation and Diagnosis of
TB Meningitis
TB meningitis is usually gradual in onset; symptoms
include headache, decreased level of consciousness,
and cranial nerve palsies. Patients may also present with constitutional features. Meningeal signs
(e.g., stiff neck) may not be present in HIV-infected
patients. Tuberculomas and vascular occlusion may
result in focal neurological deficits or seizures and
may be more common in HIV-infected patients.47
Lumbar puncture (LP) is the primary diagnostic
tool for TB meningitis and is usually safe if there
are no focal neurologic signs indicating a possible space-occupying lesion, and ophthalmoscopy
reveals no signs of raised intracranial pressure. With
focal signs, a computed tomography (CT) scan of
the head is required before LP can be performed. If a
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CT scan is not available, then presumptive diagnosis
and TB treatment are recommended. Cerebrospinal
fluid (CSF) should demonstrate an elevation in
white cells (predominantly lymphocytes), elevated
protein, and low glucose. AFB are visible in only a
minority of cases. In HIV-infected patients, meningeal symptoms may be absent and CSF may be completely normal.48,49 LP is important to rule out other
forms of meningitis, including bacterial and cryptococcal. Adjuvant corticosteroids started at the time
of diagnosis and given for two months improve survival (but not disability) in HIV-negative patients,
and further investigation is needed to prove their
benefit in HIV-infected patients.50

Special Considerations for
Treatment of TB in
HIV-Infected Adult Patients
The comanagement of TB and HIV is challenging
for both the patient and the clinician, and can make
the selection of drugs for concurrent therapy difficult. First, patients may be reluctant and/or unprepared to undergo immediate therapy for two newly
diagnosed diseases that are highly stigmatized and
require the ingestion of multiple daily pills for
extended durations. Second, clinicians and other
providers are overburdened with the provision of
routine HIV and TB care in resource-limited settings, where the diagnosis of TB is slow, requires
multiple visits to establish, and is often not confirmed due to the lack of sensitive and rapid pointof-care diagnostics. Finally, medication selection is
complicated by overlapping toxicities and significant drug-drug interactions that negatively impact
the serum levels of key drugs used for the treatment of both diseases.
The treatment goals for TB and HIV disease
are identical; in both cases, the intent is to prevent
mortality, avoid the emergence of drug resistance,
and limit morbidity and further transmission, thus
allowing patients to return to their normal lives.
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Diagnostic Category

Definition

New

A patient who has never had treatment for tuberculosis or who has taken
anti-TB drugs for less than one month

Retreatment
cases

Relapse

A patient previously treated for TB who has been declared cured or has
completed treatment, and is diagnosed with bacteriologically positive (at
least one smear or culture) TB

Treatment after
failure

A patient who is started on a retreatment regimen after having failed
previous treatment

Treatment after
default

A patient who returns to treatment with positive bacteriology following
interruption of treatment for two months or more

Transfer in

A patient who has been transferred from another TB register to continue
treatment in a different register area

Other

All cases that do not fit the above definitions (This group includes
chronic cases: patients who are sputum smear-positive at the end of a
retreatment regimen.)

Note: Smear-negative pulmonary and extrapulmonary cases may also be relapses, failures, or chronic cases. Such events
should be supported by pathological or bacteriological evidence.
Source: Adapted from WHO51

However, the current approach to care in coinfected patients is based on an important distinction
between the two diseases. TB, in its nonresistant
form, is a highly curable disease when an adequate
treatment regimen is provided and the patient follows a full course of therapy. Adequate treatment
of TB will clear the patient of symptoms and signs
of active disease, rendering the patient noninfectious and reverting him or her to a state referred
to as latent tuberculosis infection (LTBI). HIV, in
contrast, requires lifelong therapy beyond the stage
at which a patient is without signs, symptoms, or
evidence of opportunistic infection.
Consensus guidelines have recently been
released by WHO to address strategies for comanagement and concurrent treatment of TB and
HIV.18,51-53 Guidelines are also soon to be released
that address infection control planning and practices, particularly in resource-limited settings with
high TB and HIV burdens.

Standard TB Therapy and Monitoring
TB treatment regimens are based on the WHO
disease stage of the patient at the time of diagnosis (see Table 2) and the likelihood of resistance
(see Tables 3 and 4). Patients are categorized and
registered as either “new,” “retreatment,” or “other”
(e.g., chronic). The standard regimen for treatment of a new TB case consists of four first-line
drugs: isoniazid (H), rifampicin (R), pyrazinamide
(Z), and ethambutol (E). Streptomycin (S) is normally used only for retreatment cases. For new
TB cases, the intensive phase of therapy consists of
two months of daily four-drug therapy (2HRZE).
The continuation phase in most settings consists
of four months H plus R (4HR), or in some settings
six months of H plus E (6HE). The standard sixmonth regimen that contains rifampicin throughout the entire treatment course has been shown
to have better outcomes and significantly reduce
the risk of recurrence at 12 months post-therapy
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Table 2. WHO Patient (Diagnostic) Categories for Registration

Table 3. Recommended Treatment Regimens for New TB Cases
Patient
Treatment
Category
I

IIIc

TB Treatment Regimena
Continuation
Phase

TB Patient Diagnostic Category

Initial Phase

New smear-positive patients, new smearnegative patients with extensive parenchymal
involvement, concomitant HIV disease, or severe
forms of extrapulmonary TB

Preferred
2HRZEb

Preferred
4HR or
4HR3

Optional
2HRZE

Optional
6HE

Optional
2HRZE3

Optional
4HR3

Same as above
Not to be used
with HIV-infected
patients

Same as above
Not to be used
with HIV-infected
patients

New smear-negative pulmonary TB
(other than category I and noncavitary) and less
severe forms of extrapulmonary TB
(in HIV-negative patients only)

a
Numbers preceding regimens indicate the length of treatment in months. Subscripts following regimens indicate the frequency
of administration per week. When no subscripts are given, the regimen is daily.
b

Streptomycin may be used instead of ethambutol, and it should replace ethambutol in tuberculous meningitis.

All HIV-infected patients should be placed into treatment category I and not given a category III treatment regimen. In known
HIV-negative TB patients, ethambutol is optional during the initial phase for category III patients.
c

E = ethambutol; H = isoniazid; R = rifampicin; Z = pyrazinamide
Source: Adapted from WHO51

compared with eight-month regimens using 6HE
in the continuation phase.54 Thrice weekly therapy
may be an alternative option in some settings and
under certain conditions but should be used with
caution (see Tables 3 and 4).54 However, the intermittent use of rifampicin on a twice-weekly basis
has been shown to be associated with acquired
rifampicin monoresistance where HIV disease
was advanced (i.e., CD4 counts less than 100 cells/
mm3).55,56 Thus, it is essential that any patient with
advanced HIV disease be carefully observed to
avoid such intermittent therapy.
Rifabutin (RFB) is an alternative rifamycin with
equal efficacy to rifampicin, as shown in clinical
trials involving both HIV-positive and negative
patients.57,58 The advantage of RFB is that it does
not significantly lower key ARV drug serum levels
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and therefore may be used with protease inhibitors
(PIs) and non-nucleoside reverse transcriptase
inhibitors (NNRTIs). The disadvantages of RFB
are its cost and limited availability. RFB doses are
generally decreased when co-administered with
PIs and increased when co-administered with
efavirenz (EFV). RFB can lead to significant toxicities, including uveitis, gastrointestinal upset,
neutropenia, and thrombocytopenia. The use of
RFB with azole antifungals and clarithromycin
will lead to higher RFB plasma levels and risk of
associated toxicities.59

TB in HIV-Infected Patients Not
Receiving ART
Among the four drugs recommended for treatment of new cases of TB (isoniazid, rifampicin,
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Table 4. Recommended Treatment Regimens for Previously Treated TB Patients

Treatment
Category

TB Patient Diagnostic Category

Initial Phase

Continuation
Phase

Relapses
Treatment after default

Preferred
2HRZES/1HRZE

Preferred
5HRE

Optional
2HRZES3/1HRZE3

Optional
5HRE3

Treatment failure of category I
In settings where:
Representative DRS data show low rates of MDRTB, or individualized DST shows drug-susceptible
disease
or
In settings with:
n poor program performance
n absence of representative DRS data or casespecific (individual) DST
n insufficient resources to implement category
IV treatment

Preferred
2HRZES/1HRZE

Preferred
5HRE

Optional
2HRZES3/1HRZE3

Optional
5HRE3

II

Treatment failure of category I
In settings with:
n adequate program performance
n representative DRS data showing high rates of
MDR-TB and/or capacity for DST of cases
n availability of second-line drugs

Specially designed standardized or
individualized regimens with the use of
second-line drugs

IV

Still smear-positive or culture-positive after
supervised retreatment regimen (formerly called
chronic TB case); proven or suspected MDR-TB
casesb

Specially designed standardized or
individualized regimens with the use of
second-line drugs

II

II

a

 umbers preceding regimens indicate the length of treatment in months. Subscripts following regimens indicate the
N
frequency of administration per week. When no subscripts are given, the regimen is daily.

b

Drug susceptibility testing is recommended for patients who are contacts of known MDR-TB cases.
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TB Treatment Regimensa

DRS = drug resistance surveillance; DST = drug susceptibility testing; E = ethambutol; H = isoniazid;
MDR-TB = multidrug-resistant tuberculosis; R = rifampicin; Z = pyrazinamide
Source: Adapted from WHO51

pyrazinamide, and ethambutol), rifampicin is the
key drug that allows for the relatively short-course
(six-month) treatment regimen currently used by
most national TB control programs. Unfortunately,
rifampicin induces the liver’s cytochrome P450 3A

enzyme system, which rapidly metabolizes and
thereby reduces the serum levels of certain ARVs
(i.e., NNRTIs and PIs).60 Concurrently, these same
ARVs can also negatively impact the serum levels
of rifampicin.
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Table 5. Relationship of CD4 Count to Timing of ART in TB Patients on Therapy
CD4 Cell Count
(cells/mm3)

ART Recommendation

Timing of ART after Initiation of
TB Therapy

<200

Give ART
(see options in Table 6)

Between 2 and 8 weeks
(as soon as TB therapy is tolerated)

200 to 350

Give ART

After 8 weeks

>350

Defer ART
(unless other non-TB stage III or IV conditions are present, then may give ART)

Reevaluate patient (a) after 8 weeks
and (b) at end of TB therapy

Not available/unknown

Give ART
(unless patient has mild TB disease
forms, then may defer)

Between 2 and 8 weeks

Source: Adapted from WHO53

A diagnosis of TB requires initiation of multidrug therapy without delay and before the start of
ART. Although precise data are still lacking about
the timing of dual therapy, there is general guidance on when to start ART in relation to the start of
TB therapy, based on CD4 cell count (see Table 5).
The key message is that TB therapy should be initiated and tolerated before adding ART.

TB in HIV-Infected Patients
Receiving ART
Due to the limited number of TB drugs available and
the clear superiority of rifamycin-based regimens to
treat TB, including HIV-associated TB, it is generally
recommended that the ARV regimen be adjusted to
accommodate the required TB regimen.53 This may
require the switch from a PI-based regimen to an
EFV or triple-nucleoside regimen, according to
national program recommendations (see Table 6).
ART has been shown to reduce TB incidence by
some 80% in high-TB-burden settings, especially
among those with WHO HIV-associated clinical
stage III or IV disease and those with CD4 counts
of less than 200 cells/mm3.61 Nonetheless, coinfected
patients receiving ART remain at increased risk of
developing TB, especially during the first three to
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six months after ART initiation.62,63 Therefore, development of TB while on ART does not necessarily
reflect ART failure. If TB (pulmonary WHO stage III
TB or extrapulmonary WHO stage IV TB) is diagnosed within six months of ART initiation, it is not
necessarily representative of ART failure and does
not necessitate switching to a second-line ARV regimen (see Table 7). Development of TB in the first six
months after ART initiation could also represent the
“unmasking” variant of TB that indicates IRIS.64
For those who develop TB after six months on
ART, current recommendations are to treat for
TB and select an ARV regimen compatible with
a rifampicin-based TB regimen, according to
routine standards (see Table 6). This approach is
acceptable only if the clinician is convinced that
there is no evidence of ART failure based on clinical, virologic, or CD4 criteria. In settings where
CD4 counts are not available, the development of
disseminated or severe extrapulmonary forms of
TB should be considered as a sign of ART failure requiring adjustments to the ART regimen. If
there is a good response to initiation of TB therapy, then a decision to switch to a second-line
ART regimen may be deferred until the end of
TB treatment.
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Table 6. Preferred First-Line Antiretroviral Regimens for Use with a Rifampicin-Based
Anti-TB Therapy

First choice
2 NRTIs + EFV
n

EFV 600 mg daily (increased EFV
dosing not currently recommended
for any weight group)

Alternate 1
2 NRTIs + NVP
n

Standard NVP dosing
recommended

Comments
n
n
n

n

n
n

n

n

n

Alternate 2
3 NRTIs
n

AZT + 3TC + ABC
or

n

AZT + 3TC + TDF

n

Standard dosing recommended

n
n
n

EFV serum levels reduced by rifampicin
EFV dosage adjustment not currently recommended by WHO
EFV should not be used during the first trimester of pregnancy or
in women of childbearing age without effective contraception
If patient has severe anemia, do not use AZT and treat anemia;
can use d4T/ABC/TDF + 3TC + EFV
NVP serum levels reduced by rifampicin
NVP-induced hepatotoxicity more common with higher CD4
counts or for patients without a known CD4 count
Rifampicin may potentiate NVP-induced hepatotoxicity; therefore,
monitor ALT at weeks 4, 8, and 12
Seek alternate ARV regimen for women with CD4 counts of 250–
350 who need ART and are also taking rifampicin
Use with caution in patients with chronic hepatitis B and/or hepatitis C infection
Safe to use with rifampicin
AZT + 3TC + ABC safe for use in pregnancy
Safe to use where liver toxicity is a major concern

EFV = efavirenz; NVP = nevirapine; 3TC = lamivudine; ABC = abacavir; ALT = alanine aminotransferase; AZT = zidovudine;
d4T = stavudine; NRTI = nucleoside reverse transcriptase inhibitor; TDF = tenofovir
Source: Adapted from WHO52

TB in the Setting of First-Line
ART Failure
Construction of a second-line ART regimen that
can be used in TB patients taking rifampicin therapy is complicated by the interactions between PIs
and rifampicin. Since only certain boosted PI regimens can be used, specialized expertise should be
sought, including special clinical and laboratory
monitoring. There are limited data available for
these recommendations.

Pregnancy and Breastfeeding
Anti-TB drugs for the treatment of patients with
WHO categories I and III TB are considered safe for
use in pregnant women. Data on the use of pyrazinamide during pregnancy are inconclusive. However,
streptomycin (used in category II TB) is contraindicated during pregnancy due to ototoxic effects on
the fetus. Breastfeeding can be continued during
TB treatment, as very low concentrations of most
TB drugs are found in breast milk. As noted already,
EFV should not be used in the first trimester of
pregnancy or in women of childbearing age who are
not using effective contraception53,65 (see Table 8).
Prevention and Management of Tuberculosis
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ARV Regimen

Table 7. Patient Who Develops TB within First 6 Months of Starting a First- or Second-Line ART
Regimen
ART Regimen at Time of TB Diagnosis

Treatment Options for ART Given New TB Diagnosis

Two NRTIs + EFV

Continue with two NRTIs + EFV

Two NRTIs + NVP

n
n
n

Substitute EFVa,b for NVP or
Change to triple NRTI regimena or
Continue with two NRTIs + NVPc,d

Triple NRTI regimen

Continue triple NRTI regimen

Second-line ART
Two NRTIs + PI

Substitute to or continue (if already taking) a boosted PI regimen in consultation with an ART experta,c

 nce rifampicin-based TB therapy is completed, may switch back to NVP. Lead-in dosing for NVP is not required.
O
EFV should not be used during the first trimester of pregnancy or in women of childbearing years without effective
contraception.
c
Monitoring of ALT required when NVP or boosted PIs are used with rifampicin (and/or pyrazinamide), due to risk of
hepatotoxicity.
d
Rifampicin is known to reduce NVP levels by up to 58%; however, the clinical impact of these changes remains unclear
and is still to be validated.
a

b

ALT = alanine aminotransferase; EFV = efavirenz; NRTI = nucleoside reverse transcriptase inhibitor; NVP = nevirapine;
PI = protease inhibitor
Source: Adapted from WHO

Immune Reconstitution Inflammatory
Syndrome
IRIS is a general term used to describe the clinical
worsening of a patient’s condition after the initiation
of ART.64,66 It is associated with many opportunistic infections (e.g., cytomegalovirus, Cryptococcus
neoformans, Mycobacterium avium complex,
Mycobacterium tuberculosis, Toxoplasma gondii).
TB-IRIS can present as two variants: (1) unmasking TB or (2) paradoxical worsening of existing disease in a known TB patient. The unmasking variant occurs in a patient in whom TB disease is not
evident at the time of ART initiation; its incidence
is unknown. TB-IRIS of the paradoxical worsening
variant may occur in up to one-third or more of
coinfected TB patients started on ART, especially
those started on ART in the first two months of
TB therapy and those with extrapulmonary and
disseminated forms.67-69 Initial CD4 count, rapidity
of rise in CD4 count, or fall in viral load have not
always been identified as risk factors for TB-IRIS.70
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While no standard definition exists, TB-IRIS is
a clinical complication that can present, depending
on the variant, as a fever or general clinical worsening or new presentation of TB signs and symptoms (e.g., increased cough and/or dyspnea, new or
worsening peripheral or mediastinal adenopathy,
pleural effusion or pulmonary infiltrate, abscess
formation, or increased intracranial pressure). It
may occur within days to months of ART initiation and must be differentiated from drug toxicities and clinical deterioration due to ART treatment failure or failure to respond to TB therapy
(due to drug resistance, nonadherence, or drug
malabsorption). While treatment of TB-IRIS generally focuses on supportive care and initiation or
continuation of TB treatment, if sufficiently severe
(i.e., there is respiratory compromise), high-dose
steroid therapy for several weeks’ duration may be
beneficial. Significantly, there have been no randomized or systematically conducted studies to
assess steroid therapy, and the potential additive
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Table 8. HIV and TB Treatment in Pregnancy
Action

HIV-positive pregnant
woman on ART
develops TB

n

n

Pregnant woman on
TB treatment tests
positive for HIV

n
n

Recommended ART Regimens

Reassess ART regimen in view of
potential drug-drug interaction
with anti-TB drugs or clinical
failure
Thereafter commence antiTB treatment per national
protocols

n

Consider either (a) changing NVP to EFV if
after 1st trimester or (b) switching to AZT +
3TC + ABC

n

Evaluate for clinical failure and consider
for second-line ART in consultation with
HIV specialist

Continue TB treatment
Refer urgently to PMTCT or ART
clinic to determine eligibility and
choice of ARV regimen

n

If rifampicin phase of TB therapy is completed before starting ART or patient is in 1st
trimester at diagnosis of HIV infection, can
use AZT + 3TC + NVP
Can use EFV after 1st trimester of pregnancy
(preferred choice if patient is on rifampicin)

or

n

3TC = lamivudine; ABC = abacavir; AZT = zidovudine; EFV = efavirenz; NVP = nevirapine
Source: Ministry of Health, Zambia71

immunosuppressive effect of steroids on HIVinfected patients must be considered.
It is important to note that clinical worsening
may also be associated with the initiation of antiTB therapy in non-HIV-infected and HIV-infected
patients, even in the absence of ART. Clinically, this
condition cannot be distinguished from TB-IRIS,
and the general approach to assessment and treatment is the same. This type of reaction is generally
referred to as a paradoxical reaction to TB therapy.

Isoniazid Preventive Therapy
Isoniazid preventive therapy (IPT), also commonly
referred to as treatment of LTBI, is promoted by
WHO for HIV-infected patients who have no evidence of active TB disease.51,72 The role of IPT is
to reduce TB reactivation among those persons
“latently” infected with MTB. Clinical studies have
shown a clear benefit of IPT among HIV-infected
patients with a positive tuberculin skin test (TST)
using purified protein derivative (PPD). No clear
benefit has been shown for those with either a negative TST or evidence of anergy (i.e., a condition in
which the body fails to react to an injected allergen

or antigen).73 Since TSTs are not widely available in
most high-TB and high-HIV-prevalence settings,
documentation of a positive TST result is not considered feasible in these settings prior to provision
of IPT. WHO therefore recommends IPT for the following groups of people with HIV infection: healthcare workers, household contacts of TB patients,
prisoners, miners, and people living in populations
where the prevalence of MTB infection is estimated
to be greater than 30%.51 Another barrier to widespread implementation of IPT in countries with
limited health infrastructures is the lack of sensitive
diagnostics, specifically culture, to confirm that a
patient does not have undetected TB disease.
The efficacy of isoniazid for the treatment of
tuberculin-positive HIV-positive individuals has
been validated in several randomized controlled
studies, with a risk reduction for the development of active disease ranging from 36% to 78%.7476
Based on the Cochrane review (meta-analysis)
of 11 clinical preventive therapy trials (using any
established anti-TB drug protocol), there was
a 60% reduction in TB incidence for individuals
with a positive TST receiving isoniazid. A smaller
Prevention and Management of Tuberculosis
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Scenario

trend in risk reduction (20%) for TB among skintest negatives and unknowns was also found in the
meta-analysis but did not reach statistical significance. There is conflicting evidence concerning
possible mortality benefits from treating LTBI in
HIV-infected patients. While the Cochrane analysis did not find a significant reduction in all-cause
mortality, it did identify a trend toward lower mortality among those with a positive TST (relative
risk 0.80; 95% CI, 0.63-1.02).73
IPT is normally provided by the TB service.
Although a 6-month course is commonly recommended, a 9-month course of daily isoniazid is
ideal and recommended by both WHO and the
Centers for Disease Control and Prevention /
American Thoracic Society / Infectious Disease
Society of America as the preferred regimen for
the treatment of LTBI in HIV-positive patients.51,77
This recommendation is based on cost-benefit
considerations and extrapolation from data
showing that 12 months of therapy are superior
to 6 months in HIV-infected patients with LTBI.
Clinical trials data from Africa indicate that the
durability of a 6-month course of IPT varies,
with a reported range of one to two and a half
years.76,78,79 The use of isoniazid post-TB treatment
as secondary prophylaxis to prevent recurrent
disease has also been studied in small cohorts and
shown to be potentially beneficial for this purpose, although it is not currently recommended
by WHO.80,81 (Note: Pyridoxine [vitamin B6] at
10-25 mg per day is recommended for use with
IPT in the setting of severe disease, alcohol abuse,
or any signs of malnutrition.)

Cotrimoxazole Preventive Therapy
The use of cotrimoxazole to prevent PCP and bacterial infections in HIV-positive TB patients is well
accepted. In Africa, cotrimoxazole preventive therapy (CPT) has been shown to substantially reduce
mortality in HIV-positive TB patients, by up to
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46%.82 In a coinfected patient with active TB, cotrimoxazole prophylaxis should be initiated irrespective of the individual’s CD4 count. CPT can be discontinued in patients who have had a CD4 count
greater than 200 cells/mm3 for at least six months
or, in countries with a high incidence of bacterial
infections or malaria, with a CD4 count greater
than 350 cells/mm3 for over six months.51,83

Infection Control to Prevent Nosocomial
TB Transmission
Although HIV-infected TB patients appear less
likely to spread TB compared with HIV-negative
patients, 84 both sputum smear-negative and
smear-positive patients can transmit MTB infection to others.85 Moreover, health-care workers
and HIV-infected populations are at particular
risk of nosocomial transmission from an infectious TB case.86-88 The importance of infection
control as a primary prevention measure is often
underappreciated and its benefit underestimated.
There is a clear association between poor infection control practices and nosocomial TB outbreaks in health-care and other congregate settings.87-90 Upon exposure leading to infection, any
immunocompromised host may proceed quickly
to active disease with symptoms and early death,
often within weeks to months of infection.91 Rapid
progression may occur in either drug-susceptible
or drug-resistant disease.
A written, comprehensive infection control
plan that specifically addresses standard operating
procedures in clinics and hospitals should therefore be part of all HIV and TB control programs.
The goal is to protect health-care workers and any
susceptible person who may come into inadvertent, close contact with an undiagnosed, infectious
TB case. The effectiveness of such policies is welldocumented.92 Any setting in which patients congregate should be considered at risk, such as clinic
waiting areas, inpatient wards, and emergency
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methods are alternatives to natural ventilation, but they require specialized air-circulation and exhaust systems that are expensive
and difficult to maintain.
• Personal respiratory protection with respirators. This measure depends on the willingness of staff and other at-risk people to wear
respirator-type masks and to ensure a proper fit
with seal. The standard recommendation is to
use a particulate respiratory mask (respirator)
of the N-95 type. Surgical masks of any material
(cloth, paper, gauze) are not adequate. Patients
should also be encouraged to cover their mouths
and noses when coughing or sneezing to reduce
the amount of expelled organisms. Personal
respiratory protection alone is not adequate for
infection control against any airborne pathogen, including TB. All three components are
required and must be in place as part of a comprehensive infection control plan.

Conclusion
HIV is fueling the TB epidemic in many parts of
the world and especially in Africa. The recognition,
diagnosis, and management of HIV-associated
TB are evolving and have created new challenges
for clinicians, public health workers, and national
programs. While progress has been made globally,
TB is still the leading cause of death among people
living with HIV. For this reason, ongoing efforts to
rapidly detect and treat TB in resource-limited settings must be strengthened.
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or triage departments. The standard approach to
infection control includes a multitiered system of
three essential components51,93:
• Workplace and administrative (managerial)
control measures. These measures are designed
to allow for (1) early detection of respiratory
symptoms, (2) appropriate respiratory isolation
with access to rapid diagnosis, and (3) commencement of adequate therapy without delay
for those with suspected or confirmed disease.
Staff training, along with patient and community education, is included in this component.
Administrative measures are determined and
implemented by institutions as policies and
procedures that take into account patient flow
and care within a given setting.
• Environmental control measures. This component consists of natural ventilation and/or
mechanical engineering controls that focus on
air mixture and air exchange. Natural ventilation, particularly in some older structures
with large open windows, has been demonstrated to allow for sufficient air changes per
hour to provide protection to susceptible
exposed people.94 Many modern health facilities, however, are at high risk for nosocomial
transmission of TB because of inadequate
ventilation, due to small room size, too few
and small windows, and lack of sufficient
cross-ventilation. Negative-pressure isolation
rooms, proper upper room ultraviolet germicidal irradiation, and even ultrafiltration

Ten Essential Actions for Effective TB Infection Control:
Safety without Stigma

T

hese ten essential actions
are based on current WHO policy and
are issued to help facilities implement
infection control (IC) interventions while waiting for the soon-to-be-released revised WHO
policy on TB IC.
1. Include Patients and Community in
Advocacy Campaigns
The community should be well educated
about TB infection, prevention, and control. Community members should understand the importance of knowing one’s HIV
status, that they may be eligible for IPT, and
that they have a right to rapid TB diagnosis and treatment. They should know that
TB can be spread by coughing and should
expect health-care settings and community
services to require those coughing to cover
their mouths. Community members should
also understand that health-care workers may sometimes wear personal respiratory protection and that they too may be
asked to wear a mask to protect others.
Safety without stigma should be the goal—a
request to wear a mask or provide a sputum
sample outside or in a well-ventilated room
should not be stigmatizing as it contributes
to a safer clinic for everyone. Patient and
health care worker safety may require the
provision of health care in the community
to avoid unnecessary admissions to healthcare facilities. Information, education, and
communication (IEC) campaigns should
include themes such as “Our community
is TB-safe” or “Our health facilities are
stopping TB.”
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2. Develop an Infection Control Plan
All facilities should have an IC plan and
a facility person or team responsible for
IC. This plan identifies high-risk areas for
TB transmission and provides information
on TB and HIV rates among health-care
workers and patients. The plan also provides area-specific IC recommendations
for the facility, including the laboratory,
which should have its own specialized
standard safety procedures.
3. Ensure Safe Sputum Collection
Collecting and processing sputum is an
essential part of the diagnosis of TB. Sputum
collection can be potentially hazardous for
health-care workers and other patients. As
such, health-care workers should explain
to patients that safety without stigma is the
goal of good TB infection control and that
sputum should be collected outside (if feasible) or, if necessary, in specially designed
rooms with adequate ventilation.
4. Promote Cough Etiquette and Cough
Hygiene
At minimum, every facility should have
a poster on TB infection control and
cough etiquette in the outpatient department waiting area, admissions area, and
casualty department. Patients should be
instructed to cover their mouth and nose
when coughing with their hands, a cloth
(such as a handkerchief), a clean rag, tissues, or paper masks. All facility staff are
responsible for safety and should work
together to help patients adhere to this
practice.
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a diagnosis of TB is made, and a plan for
assuring adherence to treatment should be
developed at that time. All people living
with HIV who are not TB suspects should
be eligible for IPT.
7. Improve Room Air Ventilation
Patient waiting areas should be open and
well ventilated. Windows and doors should
remain open when possible to maximize
cross-ventilation. Appropriately placed,
simple fans can improve ventilation. Where
weather permits, open-air shelters with a
roof to protect patients from sun and rain
are recommended. Patients should not wait
for services in narrow, poorly ventilated
corridors. Hospitals caring for patients with
drug-resistant TB should provide separate
patient wards or rooms, preferably with
good ventilation. TB infection control
considerations should be integral to the
construction of new facilities as well as the
renovation of exiting facilities.
8. Protect Health-Care Workers
Health-care workers should know the
symptoms of TB and be given a health
assessment, including screening for
TB and HIV, at least annually. All healthcare workers are encouraged to know
their HIV status, and those living with
HIV should be given the opportunity to
minimize their exposure to people with
TB (e.g., offered a change of duties). HIVpositive health-care workers should be
screened for IPT eligibility as part of their
basic HIV care and treatment. Health-care
workers working in high-risk settings for
transmission of TB (e.g., bronchoscopy
suites) should be provided with appropriate personal respiratory protection.
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5. Triage TB Suspects for “Fast-track” or
Separation
All patients should be screened upon
arrival for chronic cough (i.e., longer than
2-3 weeks), fever, weight loss, night sweats,
hemoptysis, or contact with a person with
TB. Health-care workers should explain to
all clinic visitors that safety without stigma
is the goal and that TB screening is part of
quality care. People suspected of having
TB should be “fast-tracked” for rapid diagnosis and care services or should be asked to
wait near an open window or in a comfortable area separate from the general waiting
room (outdoors if possible). Whenever possible, community-based treatment models
should be encouraged. For inpatient settings,
TB suspects should be placed in a room or
area separate from general wards. Patients
with known or suspected drug-resistant
TB should be separated from general ward
patients and from other TB suspects.
6. Assure Rapid Diagnosis and Initiation
of Treatment
Patients suspected of having TB should
move to the front of the queue for all services and should undergo prompt evaluation for TB. Sputum collection should be
done away from other people, and sputum specimens are to be sent to a qualityassured laboratory for AFB smear and
culture (when possible). Turnaround time
for sputum AFB smear results should be
no more than 24 hours. A patient-tracking
system assures that TB suspects who are
AFB smear-negative receive additional services (e.g., chest X-ray and referral visits)
or treatment as quickly as possible. DOTS
treatment for TB begins immediately after
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9. Build Capacity
Training on TB infection control practices
should be incorporated into the broader
infection control trainings at hospitals
and facilities (e.g., hand washing, other
respiratory and bloodborne infection control trainings). Where no such trainings
exist, trainings on airborne TB infection
control practices should be developed.
Infection control requires a system-wide
approach, and health-care workers at
all levels should receive training and be
engaged in improving their own safety, as
well as that of their patients.
10. Monitor Infection Control Practices
Supervision of infection control practices
should be a part of every supervisory visit.
This should include a facility tour to check
that infection control is being implemented and that all essential supplies for
infection control are available. At the very
least, facilities should have an infection

control plan. Where feasible, monitoring of annual TB cases among health-care
workers can provide useful information
on transmission of TB in health facilities.
Surveillance of TB disease among healthcare workers is another means of evaluation. Additional on-site measures include
examining medical records of a sample
of TB patients to look at (1) time interval from admission to suspicion of TB,
(2) time from suspicion of TB to ordering
sputum for AFB, (3) time from ordering
to collection of sputum, (4) time from collection of sputum to reporting of results,
and (5) time from reporting of results to
initiation of TB treatment and interviewing patients to discuss understanding of
infection control, safety, and stigma.
For more information, visit: http://www.who.int/
tb/en/, http://www.who.int/topics/hiv_aids/en/,
or http://www.stoptb.org/wg/tb_hiv/tbics.asp.

Source: WHO HIV/AIDS and Stop TB Departments in collaboration with the TB Infection Control Subgroup of the Global TB/HIV Working Group
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Diagnosis, Treatment, and Prevention
of Tuberculosis in Infants and
Children Living with HIV
Alwyn Mwingaa and Carolyn Bolton Mooreb
Global AIDS Program, Centers for Disease Control and Prevention, Zambia
Centre for Infectious Disease Research in Zambia, Zambia

a

A

ccording to the World Health
Organization (WHO), the global TB epidemic has leveled off for the first time since
it was declared a public-health emergency in 1993.
The 2008 WHO Global Tuberculosis Control Report
found that the number of new TB cases per capita
appears to have been falling globally since 2003,
in five of the six WHO regions—all except the
European Region, where rates are approximately
stable.1 Despite this stabilizing trend, approximately two billion people, one-third of the world’s
total population, are presently infected with TB,2
and the control of this disease continues to strain
public health services, particularly those in developing countries.
A direct consequence of the large numbers of
adults infected with TB is an increase in childhood
TB. Many factors that affect the spread of adult
disease will indirectly fuel disease spread in children. A complex interplay of contributing factors,
including immigration, malnutrition, poverty, and
overcrowding, as well as other diseases, affects the
local epidemiology of pediatric TB. It appears that
there are significant differences in TB epidemiology
among developed countries, where TB is generally
well controlled, and developing countries, where

rates of TB in children continue to climb. Infants
and young children (less than five years of age) are
at particularly high risk for infection and carry the
greatest burden of disease. They are more likely
than adults to develop disease after infection and
are significantly more likely to develop extrapulmonary TB (EPTB) and severe disseminated disease.3
Difficulties surrounding confirmation of TB
diagnosis in pediatrics, poor documentation of
cases, limited human resources, and inadequate
follow-up have meant that there is little accurate
information regarding childhood TB. This is especially true in many developing countries, where
childhood HIV infection is also on the rise. For
instance, available data from developing countries
indicate that 20% or more of TB cases may occur
in children, representing an incident rate in excess
of 200 per 100,000.4

HIV and TB Coinfection
The number of individuals, including infants and
children, that are living with HIV has reached massive proportions in parts of sub-Saharan Africa
and Asia. There have also been reports of increasing levels of HIV/TB coinfection among children
in these settings.5 It is widely acknowledged that
Prevention and Management of Tuberculosis
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HIV greatly increases the annual risk of progression from TB infection to active TB and is thought
to be one of the principle causes of the resurgence
of TB within sub-Saharan Africa. The reported
prevalence rates of HIV in children in sub-Saharan
Africa with documented TB have ranged from 11%
to 64%.6
There is a paucity of information on how the
HIV epidemic has specifically impacted the rates
of pediatric TB, but it has undoubtedly contributed to the rapidly increasing rate of TB in children
in high-HIV-prevalence countries.7 Naturally,
increased rates of childhood TB reflect increased
rates of disease among HIV-positive adults in the
community.8,9 Although far more information
exists concerning HIV/TB coinfection in adults,
several studies have reported similar findings in
children. In a South African study, 48% of children younger than 12 years of age with cultureproven pulmonary TB (PTB) were also found to
be HIV-positive.10 Yet despite high rates of TB and
HIV coinfection, it is still unclear whether HIVpositive children are more susceptible to TB infection, are more likely to progress to disease than
are HIV-negative children, or both. In sub-Saharan Africa, it has been suggested that HIV infection may be an indirect risk factor for TB in children. This view holds that because TB is the most
common opportunistic infection in HIV-positive
adults in the developing world, it follows that children in this setting are more likely to be exposed
to TB irrespective of their HIV status.
Congenital and neonatal TB appear to be
increasing in sub-Saharan Africa as well.11-13 This
is most likely due to the rising prevalence of TB
in young women and mothers. Several studies
have reported increased maternal and neonatal mortality among pregnant women with TB/
HIV coinfection.14,15 In one report from southern Africa, up to 16% of infants born to mothers
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who had bacteriologically proven TB contracted
the disease.11 Despite this high transmission rate,
diagnosis in young infants remains difficult, and
treatment is often delayed. This is due both to
the difficulties associated with diagnosis of TB in
this age group and to the nonspecific manifestations of congenital and neonatal TB, which often
mimic other infections. It is therefore important
that medical staff working in areas where HIV
and TB are endemic, especially those involved
in postnatal follow-up of infants, be adequately
trained in both TB and HIV and always consider
both diagnoses. In older HIV-positive children,
TB is also likely to be underdiagnosed or diagnosed very late, and treatment outcomes may be
poor as a result.
Children who are HIV-positive and subsequently contract TB have also been shown to have
higher mortality rates than those who are HIVuninfected. In an Ethiopian study,16 children who
were HIV-positive had a sixfold increase in risk
of death during an episode of TB compared with
an HIV-negative child. In Côte d’Ivoire, Mukadi
et al9 reported a 50% mortality rate over a sixmonth treatment period for HIV coinfected children who had CD4 percentages of less than 10%.
In HIV-negative children, the mortality rate was
4%. Morbidity and mortality also appear to be age
dependent. In a recently published review article
focusing on pediatric TB/HIV studies,17 all analyses reported that children infected with TB at less
than 1 year of age had excessively high morbidity
and mortality, while those aged 1 to 4 years had
considerable mortality and morbidity. Five to
10 years of age appeared to be the so-called safe
age, when morbidity and mortality were at their
lowest. These findings highlight the need for pediatric TB programs that target younger children
and for more sensitive diagnostic tools for use in
young populations.
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TB in children is mainly a primary infection, and
the clinical picture is dominated by the effect of
lymphobronchial disease. Children with HIV
infection have a higher frequency of extrapulmonary disease, with miliary or meningeal disease
being the most important.18 Large pleural effusions
are less common in young children.
History and Clinical Examination
Since children and infants often show nonspecific symptoms of TB, a detailed history should
be taken to determine their risk of contact with
a TB-infected adult. For children less than two
years of age, the index case is more likely to be
a caregiver or member of the household as compared with older children. Therefore, for a child
with suspected TB and where there is no known
TB contact, questions should be asked to determine whether an adult with symptoms suggestive of TB is present in the household or has had
contact with the patient, with subsequent followup of the suspected individual (a form of reverse
contact tracing).
The clinical presentation of PTB in HIVpositive children and infants is characterized
by systemic symptoms of cough, with or without wheezing, fever, and loss of weight or failure to thrive. The clinical presentation of EPTB
depends on the site of infection and can include
limping (spinal TB), a swollen abdomen (abdominal TB), and swollen lymph nodes with fistula
formation. The presentation of meningeal TB is
often insidious, with changes in behavior, vomiting, and persistent fever. Because the symptoms
of TB are generally nonspecific and mimic other
clinical conditions, a high index of suspicion in
the attending clinicians is required for the appropriate investigations to be ordered.

A community-based study19 to assess the value
of symptoms in the diagnosis of TB in children
reported that three well-defined symptoms (persistent, nonremitting cough of more than two
weeks; objective weight loss in the last three
months; and fatigue) were useful in identifying
TB in HIV-negative children three years of age
or older. This group of symptoms performed less
well in children younger than three years and was
of little diagnostic value in HIV-positive children.
In light of the difficulty of diagnosis in young
and/or HIV-positive children, clinical evaluation of the child, including growth assessment,
is considered to be an important element in the
diagnostic workup of children. Failure to thrive
or faltering growth is a good indicator of chronic
disease and provides supportive evidence of TB
infection. However, it must be noted that growth
faltering in HIV-positive children can often
be due to other HIV-related illnesses. Physical
examination of the child will assist in identifying
signs of extrapulmonary disease, though a chest
examination may not result in any specific findings other than the presence of wheezes and rales
(i.e., clicking, bubbling, or rattling sounds in
the lung).
Bacteriological Confirmation
A definitive diagnosis of TB is made by the recognition of acid-fast bacilli (AFB) in sputum specimens
using either Ziehl-Neelsen (ZN) or auramine fluorescence staining. Since TB in children is usually
a primary infection, there is greater involvement
of the intrathoracic lymph nodes, especially in
younger children; even where sputum is produced,
specimens tend to be smear-negative. Younger children, especially those under six to eight years, are
rarely able to cough up sputum. Thus, the approach
to diagnosis of TB in children differs from that of
adults and older children, where the primary focus
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is on smear microscopy, and relies instead on a
careful assessment of available evidence of infection and disease. Diagnosis of TB in younger children is further complicated by the fact that they
tend to have more extrapulmonary and disseminated TB than adults.18
Whenever possible, bacteriological confirmation should be sought for the diagnosis of TB in
children. Because disease in children tends to produce few bacilli, smear examination is often smearnegative. Culture is able to identify additional cases
that are smear-negative; however, obtaining culture results can often take a long time (six to eight
weeks) and limited availability of culture facilities
limits the usefulness of this technique. More widespread availability of liquid culture services with
shorter turnaround times for results will make this
test more useful for routine diagnosis of TB.
For younger children who are unable to produce sputum, gastric aspirates can be used for the
detection and isolation of Mycobacterium tuberculosis (MTB). However, the yield for gastric lavage is
reported in fewer than 20% of cases for microscopy
and up to 50% for culture.20 This technique is also
inconvenient and uncomfortable and cannot be
performed at lower-level health facilities. The use
of sputum induction has been shown to increase
the diagnostic yield in both HIV-negative and
-positive children.21 Yet this technique requires
adequate ventilation and other infection control
measures and would therefore have limited use
in most clinical settings in developing countries.
Other diagnostic techniques, such as bronchoalveolar lavage, have lower yields than culture on gastric lavage and are not recommended for routine
diagnosis of TB. Similarly, serological tests and
molecular techniques, such as polymerase chain
reaction, are not recommended for routine use.
These tests have not been adequately assessed, and
where assessments have been done, they have not
performed optimally.22-24
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Tuberculin Skin Test
The tuberculin skin test (TST) is used to identify infection with MTB and can therefore be
used as supportive evidence. Interpretation of
the tuberculin test in children is the same regardless of whether bacillus Calmette-Guérin (BCG)
vaccination has been given.20 The tuberculin test
(Mantoux/Tine test) is frequently negative in children with HIV infection, malnutrition, and/or
severe TB disease, and therefore a negative tuberculin test does not rule out TB.25 In HIV-positive
children, the cutoff for a positive test should be
5 or greater, as opposed to 10 in HIV-negative
children. In children with advanced HIV infection, any degree of induration is probably significant. The ELISPOT (enzyme-linked immunosorbent spot) test, a T-cell-based assay, is a rapid
blood test for MTB that has been shown to have
higher sensitivity than the tuberculin test in children and is less susceptible to variations resulting
from protein-energy malnourishment, low weight
for age, or HIV infection.26
Radiography
Chest radiography has an important role in the
diagnosis of TB in children, with a predominance
of enlarged hilar, mediastinal, or carinal adenopathy, with parenchymal lesions or pleural effusion.
In addition, the radiograph may also show features
arising from the obstructive effects of the enlarged
nodes, such as hyperinflation or collapse. Miliary
lesions, cavitation, and large lymph nodes tend to
be more common in HIV-positive children than
in HIV-negative children. Other HIV-related conditions, such as lymphoid interstitial pneumonitis,
may present with a similar radiographic picture and
should be considered in the differential diagnosis.
Given the difficulty with bacteriologic confirmation of TB in children, a pediatric score chart
based on duration of illness, nutritional status, history of TB in the family, and TST reactivity was first
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Box 1. Recommended Approach to the Diagnosis of TB in Children (WHO)28
Steps to Diagnosis
1. Careful history (including history of TB contact and symptoms consistent with TB)
2. Clinical examination (including growth assessment)
3. Tuberculin skin testing
4. Bacteriological confirmation (where available)
5. Investigations relevant for suspected PTB and EPTB

developed in Papua New Guinea in 1987. This score
chart has been evaluated in high-HIV-prevalence
areas and has been found to have low specificity.27
Due to the low sensitivity and specificity of the
available diagnostic tests for TB in children, the
diagnosis of PTB in clinical practice is often based
on exclusion of pneumonia or failure of the patient
to respond to pneumonia treatment. This approach
often results in either overtreatment or undertreatment of TB. In the management of suspected TB
cases in children, there is no room for trial treatments; once treatment is commenced, it should be
continued for the full course. In conclusion, when
evaluating a child with symptoms and signs suggestive of TB, patient history, clinical examination,
the result of the TST, bacteriology results (where
available), other relevant investigations, and the
HIV test result should be taken together as a whole
in order to make a diagnosis and determine the
need for treatment (see Box 1).

PTB in Infants and Children
Living with HIV
The principles for the treatment of TB in HIVpositive children are the same as in HIV-negative
children. Despite the degree of immunosuppression, many HIV-positive patients with PTB
respond well to standard anti-TB treatment and
have no difficulties tolerating their medications.
Treatment regimens for children are very similar to those for adults. Treatment for TB in most

developing countries begins with an initial phase
consisting of four drugs (two months of rifampicin,
isoniazid [INH], pyrazinamide, and ethambutol)
followed by a two-drug continuation phase (either
four months of rifampicin and INH or six months
of INH and ethambutol). In HIV-positive children,
PTB and lymph node TB are classified as WHO
clinical stage III, and EPTB as WHO clinical stage
IV. Therefore, all patients infected with HIV who
also have TB should be considered eligible for antiretroviral therapy (ART) if CD4 lymphocyte counts
are not available.

When to Begin TB/HIV
Co-treatment
While there is a clear need for TB treatment in HIVpositive children with TB disease, the optimal timing for the initiation of ART for those receiving TB
treatment is not known. The decision about when
to start ART after starting TB treatment involves a
balance between the child’s age and health, the pill
burden, potential drug interactions, overlapping
toxicities, and the risk of immune reconstitution
syndrome versus the risk of further progression of
immune suppression (with its associated increase
in mortality and morbidity).
Additionally, research has clearly shown that the
degree of immunodeficiency in TB/HIV coinfected
children is highly correlated with mortality5 and that
earlier initiation of ART is more critical in coinfected children with low levels of CD4 lymphocytes.
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6. HIV testing (in high-HIV-prevalence areas)

Table 1. Revised WHO Criteria for ART Initiation (2008)4
Infants
<12 months

Age

12 months
through
35 months

36 months
through
55 months

5 years
or over

<20

<20

<15

<750 mm3

<350 mm3

As in adults
(<200)

% CD4
Absolute CD4*

All

* Absolute CD4 count is naturally less constant and more age-dependent than % CD4; it is therefore not appropriate to define
a single threshold.

Thus, WHO recommends that ART should begin
as soon as possible (usually between two and eight
weeks after the start of TB therapy, when the child
has stabilized on this therapy) in children at WHO
clinical stage IV, regardless of immunological criteria, and in children with clinical stage III and concurrent severe or advanced immunodeficiency. For
children at clinical stage III who have either nonsignificant or mild immunodeficiency, the clinical
response to TB therapy can guide the decision as
to whether ART should be initiated urgently or can
be delayed. Where CD4 percentage is available, the
WHO criteria for ART initiation (Table 1) may be
used. Recommendations for the timing of ART following the initiation of TB treatment are presented
in Table 2.

Interactions of TB Drugs
and Antiretrovirals in
Co-treatment
To date, the first-line treatment recommendation
for children with TB and HIV coinfection has been
the triple nucleoside reverse transcriptase inhibitor
(NRTI) regimen consisting of stavudine (d4T) or
zidovudine (AZT) + lamivudine (3TC) + abacavir
(ABC). Alternatively, in children over three years
of age and/or weighing more than 10 kilograms, a
standard first-line regimen of two NRTIs plus efavirenz (EFV) has been recommended. In children
under three years of age, EFV is not recommended
routinely (pharmacokinetic studies in this age group
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remain to be completed) and the use of a standard
first-line regimen of two NRTIs + nevirapine (NVP,
as the non-nucleoside reverse transcriptase inhibitor
[NNRTI] component) can be considered.29 However,
because of concern about the potential for subtherapeutic dosing of NNRTIs with concomitant rifampicin, a triple NRTI regimen is the preferred choice
in this situation. Some clinical reports indicate adequate virological and immunological responses and
acceptable toxicity with standard doses of NVP with
concomitant rifampicin.30 This option may be considered where a triple nucleoside regimen is not feasible.
However, because NVP levels are reduced more than
EFV levels, a regimen of two NRTIs + NVP should
only be considered when no other options are available and when careful clinical and laboratory monitoring can be assured (i.e., clinical monitoring for
potential liver toxicity and liver function tests). More
data are needed to determine rifampicin and NVP
interactions and the exact NVP dosage requirement
in children receiving rifampicin. In some areas, substituting rifabutin for rifampicin (rifabutin is a less
potent inducer of cytochrome P450 enzyme) may be
considered, but this is often not feasible in resourcelimited settings due to high drug costs.
Alternatively, a triple nucleoside regimen may
be considered. Neither option is ideal, as a study in
HIV-positive adults on a regimen of AZT + 3TC
+ ABC reported lower virological potency than
an EFV-based regimen (79% versus 89% efficacy,
respectively, at 32 weeks).31 This may be even more
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TABLE 2. RECOMMENDATIONS FOR THE TIMING OF ART FOLLOWING THE INITIATION OF TB
TREATMENT WITH A RIFAMPICIN-CONTAINING REGIMEN IN HIV-INFECTED CHILDREN (WHO)

WHO pediatric clinical
stage IVb

Timing of ART following initiation of TB
treatment (rifampicin-containing regimen)a
n

Start ART soon after TB treatment (between 2 and
8 weeks following start of TB treatment)

With clinical management alone:
Start ART soon after TB treatment (between 2 and
8 weeks following start of TB treatment)
n If excellent clinical response to TB treatment in
first 2 to 8 weeks of TB therapy, and child is stable
on CPT,a it may be reasonable to delay initiation of
ART
n

WHO pediatric clinical
stage 3c

Where CD4 is available:
n Evaluate the possibility of delaying initiation of
ART depending on assessment of clinical status
and CD4 counts, and clinical and immunological
response to TB therapy:
n Severe and advanced immunodeficiencyf:
Initiate ART soon after TB treatment (between
2 and 8 weeks following start of TB treatment)
n Mild or no immunodeficiencyg: Initiation of ART
may be delayed until after the completion of TB
therapy; closely monitor response to TB therapy
and reassess need for ART after TB therapy; if
no improvement, consider starting ART

Recommended ARV regimenc
In children <3 yearsd:
n Triple NRTI first-line regimen (d4T or
AZT + 3TC + ABC)
or
n Standard first-line regimen of two
NRTIs + NVPc
In children >3 yearsd:
n Triple NRTI first-line regimen
(d4T or AZT + 3TC + ABC)
or
n Standard first-line regimen of
two NRTIs + EFVe
Following completion of TB treatment,
it is preferable for the child to remain
on the ART regimen if well tolerated
n
n

Regimens as recommended above
Where ART can be delayed until after
completion of TB treatment, initiation
with a standard two NRTIs + NNRTI
first-line regimen is recommended

ARV = antiretroviral; CPT = cotrimoxazole preventive therapy; NVP = nevirapine; NRTI = nucleotide reverse transcriptase
inhibitor; NNRTI = non-nucleotide reverse transcriptase inhibitor; d4T = stavudine; AZT = zidovudine; 3TC = lamivudine; ABC
= abacavir; EFV = efavirenz
Administration of CPT is important in children with TB/HIV coinfection.
All children with pediatric clinical stage IV disease should be initiated on ART regardless of CD4 criteria.
Careful clinical monitoring with laboratory support, if available, is recommended where NVP is administered concurrently
with rifampicin.
d
Because of lack of data, the ranking of preferred or alternative ARV regimens is not possible.
e
EFV is not currently recommended for children <3 years of age, and should not be given to postpubertal adolescent girls
who are either in the first trimester of pregnancy or are sexually active and not using adequate contraception.
f
CD4 criteria for severe immunodeficiency in children (by age): <25% or <1,500 cells/mm3 (≤11 months); <20% or
<750 cells/mm3 (12 months to 35 months); <15% or <350 cells/mm3 (35 months to 59 months); <15% or <200 cells/mm3
(≤5 years); advanced immunodeficiency is assumed to be up to 4% above the age-specific CD4 threshold for severe
immunodeficiency or 200−349 cells/mm3 for children >5 years of age.
g
	Mild or nonsignificant immunodeficiency is assumed at age-specific CD4 levels above those defining advanced
immunodeficiency.
a

b
c

Source: Adapted from WHO.29
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Clinical stage of
child with TB (as
an event indicating
need for ART)

relevant in infants and young children, where baseline viremia is often much higher than that found
in untreated adults. Other concerns for triple NRTI
regimens are cost, limited data in patients with TB,
and the need to monitor for hypersensitive reactions due to ABC.

Cotrimoxazole Prophylaxis
While all HIV-exposed infants and children should
benefit from cotrimoxazole (CTX) prophylaxis,
this intervention is particularly important in children coinfected with TB and HIV. Studies of adults
coinfected with HIV and TB have demonstrated
better survival rates in patients who received CTX
than in patients who received no prophylaxis.32,33 A
large, randomized, controlled trial of HIV-positive
children in Zambia showed significant reductions
in mortality and hospital admissions among those
receiving CTX.34 WHO recommends that all children under five years who are coinfected with TB
and HIV should be maintained on CTX irrespective
of immune recovery in response to ART.35

Monitoring Response to TB Therapy
A positive clinical response to TB treatment should
be observed within the first two to three weeks
of receiving anti-TB therapy. This includes apyrexia (absence or intermission of fever), improved
respiratory distress, fewer chest signs, and weight
gain (or stabilized weight). Children coinfected
with HIV and TB are far more susceptible to
other respiratory diseases and more likely to die
despite TB treatment. Mixed respiratory infections are a particular feature of HIV-positive children, and it is common for children with TB to
develop bacterial pneumonia as a complication.
In children with moderate immunosuppression,
organisms responsible for these secondary infections are most often the same organisms found in
HIV-uninfected children and should be treated
with the appropriate first-line antibiotic therapy.
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Severely immunocompromised children may present with rarer opportunistic infections, including
Pneumocystis carinii pneumonia.
When children on appropriate treatment continue to do badly or have a poor response, it is
always necessary to rule out immune reconstitution TB and to investigate for poor adherence.
Additionally, incorrect diagnoses and treatment
may also result in deteriorating clinical conditions.
Most children who receive treatment for PTB are
smear-negative cases. In the absence of easy diagnostic options, an important reason for a poor
response to TB treatment is that the child does
not truly have PTB. The atypical presentation and
overwhelming difficulties in diagnosing PTB in
children mean that it may be confused with other
causes of HIV-related lung disease. If children do
not improve on TB treatment, consider other diagnoses (e.g., lymphocytic interstitial pneumonia
[LIP] or cardiac disease).
Although few studies are currently available
describing the absorption of anti-TB agents in
children with TB and HIV infection, this has been
described in adults.36 Malabsorption of anti-TB
drugs should be considered as a possible cause of
treatment failure or as a sign of the acquisition of
drug resistance, particularly if gastrointestinal
symptoms or chronic diarrhea is present.

Drug-Resistant TB
The emergence and discovery of drug-resistant TB
is of great importance worldwide, as it impacts TB
control in the general population and requires more
expensive and difficult diagnosis and treatment. In
general, the incidence and types of resistant organisms encountered in children will reflect the organisms circulating in the community. In children, drug
resistance is usually primary resistance, as children
are less likely to have been unsuccessfully treated in
the past. In most children, definite confirmation of
drug-resistant TB will not be possible, due to higher
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Antiretroviral Treatment Failure
and TB Treatment
When there are signs of treatment failure of the
first-line regimen, switching to a second-line regimen can be considered after the child has received
more than 24 weeks of ART and has not responded
to anti-TB treatment. Single protease inhibitors
(PIs) or PIs given with low-dose ritonavir boosting are not recommended to be administered with
rifampicin because of the decrease in PI drug levels.
Therefore, in children who are receiving a secondline regimen with ritonavir-boosted PIs and who
are diagnosed with TB, the choice of antiretroviral
(ARV) regimens is extremely difficult. Although
there are limited data, some experts recommend
lopinavir-ritonavir (LPVr) administration with
additional ritonavir dosing to provide standard
therapeutic doses. The use of other boosted PI combinations, including saquinavir with higher-dose
(i.e., full-dose) ritonavir boosting and nelfinavir, is
discouraged until further data become available.

Immune Reconstitution Inflammatory
Syndrome and TB
Immune reconstitution inflammatory syndrome
(IRIS) is well described in adults on ART and is

commonly reported in association with mycobacterial infections.30,31,37,38 IRIS in children has been
reported but is less well described.39,40 Although IRIS
is not specific to HIV infection, it is broadly defined
as the apparent clinical deterioration or presentation of opportunistic infections in HIV-positive
individuals, usually within three months after starting ART. Immune reconstitution may arise in two
different settings: unmasking of preexisting disease
in a patient with previously undiagnosed infection,
or worsening of previously recognized disease in
a patient being treated for an opportunistic infection. This may occur anywhere from one week to
six months after initiation of treatment. Symptoms
and signs of immune reconstitution PTB include
worsening respiratory symptoms, such as cough;
high fevers; lymphadenopathy; and worsening of
chest radiographic findings.
The diagnosis of a paradoxical reaction is
by exclusion and can only be presumed once a
thorough evaluation has been made to exclude
other etiologies. The optimal time for initiating
ART and minimizing the risk of IRIS in patients
receiving anti-TB treatment remains unknown.
Delaying ART to reduce the risk of IRIS in
severely symptomatic TB coinfected children
with advanced HIV disease is not presently recommended because the risk of mortality is high.
Risk factors associated with paradoxical reactions in children appear to be similar to those
in adults and include starting ART within two
months of TB treatment, disseminated and extrapulmonary TB, and rapid ART-mediated CD4
count increase and viral load decrease, especially
in cases of more advanced disease.39 These reactions are generally self-limiting and last 10 to
40 days, although some reactions may be severe
and require a short course of treatment with glucocorticoids.40 Only in extremely severe (rare)
cases is the stopping of ART necessary in the
management of IRIS.
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rates of sputum-negative TB cases and difficulties
obtaining sputum specimens. Often the diagnosis of
drug-resistant TB is made on the basis of confirmation of drug resistance in the index (usually adult)
case. However, children in high-TB-prevalence settings may have multiple exposures, so that even if
close contacts have drug-sensitive disease, the possibility of resistant disease in the child still exists.
The recent increase in reports of multidrug-resistant
(MDR) and extensively drug-resistant (XDR) TB
have caused a great deal of concern and further support the need for routine surveillance of drug resistance patterns to enable countries to adapt treatment
options as needed.

Preventing the Spread of TB
The source case for TB in children is usually an
adult with whom the child has been in close contact. Therefore, establishment of contact screening in cases of infectious TB is one strategy that
will enable the early identification and treatment
of childhood infection and disease and therefore
reduce the morbidity and mortality associated with
childhood TB. Several studies have also shown
that, contrary to the widespread belief that children are not a source of infection, children with TB
can transmit infection to adults.41
Infants and young children under five years of
age are at increased risk of developing TB following exposure to infection, with disease developing within two years. The risk of TB disease has
been shown to depend on the degree of smearpositivity of the source cases as well as the length
of contact and is higher for female contacts
(usually the mother or caregiver). 42 It is therefore recommended that household contacts of

smear-positive cases be screened for symptoms
of disease (including clinical assessment, TST,
and chest X-ray [CXR] if available) and that children less than five years of age be offered isoniazid preventive therapy (IPT).43 Asymptomatic
children and those with no evidence of TB on
chest radiograph should be offered 5 mg/kg of
INH for six months.
The TST should be used to identify cases of TB
infection and should be considered positive if the
induration is 10 mm or more in an HIV-negative
child who has received BCG vaccination. However,
in children with HIV infection, an induration of
5 mm or more should be considered positive, and
INH should be offered to children over five years
of age.44 (Note: Despite the low sensitivity of TST
in HIV-positive children, WHO still recommends
the use of TST for screening and diagnosis.)
Prior to providing IPT, the child should be
assessed clinically and with chest radiograph in
order to exclude TB disease. All children who

Child in close contact with source case
of smear-positive PTB

Under 5 years of age

Well

Age 5 years or older

Symptomatica

IPTa

Symptomatica

No treatmentb

Evaluate for TB

If becomes symptomatic

Well

If becomes symptomatic

Figure 1. Approach to contact management when chest X-ray and tuberculin skin test are
not readily available
Source: Ministry of Health Zambia.45
IPT = isoniazid preventive therapy.
a
b

Isoniazid 5 mg/kg daily for 6 months.
Unless the child is HIV-positive (in which case isoniazid 5 mg/kg daily for 6 months is indicated).
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TB Test Possible

Tuberculin POSITIVE
Child well

Child not well

Child well

Isoniazid
6 months

Detailed history and
examination for TB
(X-ray if possible)

Preventive isoniazid
2 months

Possible or probable TB

Repeat
tuberculin test

prevention and management
of tuberculosis

Tuberculin NEGATIVE

Full treatment
for TB
Tuberculin
positive

Complete
6 months isoniazid

Tuberculin
negative
and well
Stop isoniazid

Figure 2. Approach to contact management when chest X-ray and tuberculin skin test
are readily available
Source: Ministry of Health Zambia.45

are contacts of a smear-positive case and who are
symptomatic should be evaluated to exclude TB
and should be treated with a full course of IPT,
regardless of the result of the tuberculin test. The
recommended algorithms for cases in which CXR
and TST are or are not readily available are showin
in Figures 1 and 2.
If TB is diagnosed in a pregnant woman shortly
before delivery, the infant and (when possible) the
placenta should be investigated for TB, and the
infant treated if infection is detected. If the mother
has been on anti-TB treatment for several weeks
before delivery, infection of the infant is less likely.
Breastfed infants of smear-positive cases are at an
increased risk of developing TB and should receive

six months of INH followed by BCG vaccination; it
is not necessary to stop breastfeeding.43 An alternative is to give three months of INH and then perform a TST. If the test is negative, stop the INH
and give BCG. If the skin test is positive, continue
INH for another three months, then stop INH and
give BCG.44

EPTB in HIV-Positive Children43
EPTB can occur at any age, but young children are
particularly susceptible. Up to 25% of TB cases may
present with EPTB. Children less than two years of
age are at risk of disseminated disease causing miliary TB or tuberculous meningitis (TBM). Many
patients with EPTB also have coexistent PTB.
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Firm, discrete
nodes

Fluctuant nodes
matted together

Skin breakdown,
abscesses, chronic sinusitis

Healing
with scarring

Figure 3. The usual course of lymph node disease
Source: Ministry of Health Zambia.45

Tuberculous Lymphadenopathy
Regardless of HIV status, the lymph nodes most
commonly involved in EPTB are the cervical
nodes. The usual course of lymph node disease is
shown in Figure 3.
• If a patient has EPTB, look for PTB.
• If the patient has had a productive cough for
more than two or three weeks, send sputum
samples for AFB testing. If the test is negative,
perform CXR.
• In severely immunocompromised patients,
tuberculous lymphadenopathy may be acute
and resemble acute pyogenic lymphadenitis.
Diagnosis of tuberculous lymphadenopathy is
possible even without laboratory facilities for histology or TB culture (see Figure 4). Diagnostic
sensitivity of tuberculous lymphadenopathy by
aspirate and smear for AFB is 70%. Diagnostic
sensitivity increases to 80% if the lymph node is
excised, the cut surface looked at, and a smear
for AFB performed. The histological appearance
of tuberculous lymph nodes from HIV-positive
patients depends on the degree of immunosuppression, as shown in Table 3.
Although lymphadenopathy due to HIV infection is itself relatively common in children with
HIV infection and does not always indicate serious
underlying pathology, the following features indicate a need for further investigation:
• Large lymph nodes (greater than 4 cm in diameter) or rapidly growing lymph nodes
• Asymmetrical lymphadenopathy
• Tender/painful lymph nodes not associated
with local infection
• Matted/fluctuant lymph nodes
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•	Obvious constitutional features (e.g., fever,
night sweats, weight loss)
• Hilar or mediastinal lymphadenopathy on CXR

Miliary or Disseminated TB
Miliary TB results from widespread blood-borne
dissemination of TB bacilli, either due to a recent
primary infection or the erosion of a tuberculous lesion into a blood vessel. Patients present
with constitutional features. Miliary TB is often
an underdiagnosed cause of end-stage wasting in
HIV-positive individuals. A high index of suspicion is necessary.
CXR shows diffuse, uniformly distributed,
small miliary shadows (miliary literally means
“like small millet seeds”). The CXR can appear
normal in advanced cases because of severe immunosuppression and therefore inability to mount an
inflammatory response. The typical diffuse CXR
abnormalities can be confused with those of LIP
Table 3. Histological Appearance of
Tuberculous Lymph Nodes according
to Degree of Immunosuppression in
HIV-Positive Patients
Immunosuppression in HIV-Positive Patients
Degree of
immunocompromise

Histological appeara
nce of
lymph nodes

Mild

Caseating lesions with
few or no AFB

Severe

Little cellular reaction
with many AFB

Source: WHO.43
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Procedure
Needle
aspirate
of lymph
node

Test

Result

Diagnosis

Look at material aspirated

Caseation

TB

Smear for AFB

AFB present

TB

Smear for cytology

Malignant cells
seen lymphoma,
carcinoma

Malignancy,
e.g., Kaposi’s
sarcoma

Look at cut surface

Caseation

TB

Smear from cut
surface for AFB

AFB seen

TB

Fresh node sent for
TB culture

Positive TB culture

TB

Node in formalin
for histology

Granuloma and
AFB

TB

Malignant cells

Malignancy

Lymph
node
biopsy
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of tuberculosis

If no diagnosis after aspirate

Figure 4. Practical approach to the investigation of lymphadenopathya
a

If clinical features suggest a cause of lymphadenopathy other than persistent generalized lymphadenopathy.

Source: WHO.44

Table 4. Clinical Differentiation of
Miliary TB from LIP in Children

Clinical features:
Respiratory symptoms
Persistent fever
Wasting
Generalized
lymphadenopathy
Parotid enlargement
Clubbing
Hepatomegaly

CXR features:
Diffuse micronodular
Diffuse reticular
Lymphadenopathy
Source: WHO.43

Miliary TB

LIP

-/+
++
+++

+++
++
-/+

-/+
++

+++
++
+
++

++
-/+

+
++
++

(see Table 4). There is clinical overlap because LIP
presents with a broad range of clinical and radiographic features, which vary depending on the
stage of HIV disease.

Tuberculous Serous Effusions
Inflammatory tuberculous effusions may occur in
any of the serous cavities of the body (i.e., pleural,
pericardial, or peritoneal cavities). They are more
common in school-aged children with or without
HIV infection. Serous effusions are often indicative
of primary disease or reinfection.
Pleural Effusion
With a pleural effusion, children present with
constitutional symptoms and local features
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including chest pain, breathlessness, tracheal and
mediastinal shift away from the side of the effusion, decreased chest movement, and/or dull percussion note and decreased breath sounds on the
side of the effusion. When available, CXR shows
unilateral, uniform white opacity, often with a
concave upper border. If available, ultrasound
can confirm the presence of fluid in the pleural
space in case of doubt. Diagnostic pleural aspiration is recommended if a patient has a pleural effusion. The fluid is usually straw-colored.
Occasionally the fluid is blood stained. The presence of pus on aspiration indicates an empyema
(purulent effusion).
Pericardial Effusion
The diagnosis of pericardial effusion usually rests
on suggestive constitutional and cardiovascular
features (mainly shortness of breath, difficulty
feeding, abdominal swelling, and failure to thrive).
CXR may be helpful and shows a large globular
heart, usually clear lung fields, and pleural fluid.
Electrocardiogram may be helpful if qualified staff
are available to interpret the results. Definitive diagnosis is based on echocardiography, which shows
pericardial fluid with or without strands between
the visceral and parietal pericardium. It is important to exclude uremia and Kaposi’s sarcoma.
Treatment with steroids and anti-TB drugs,
without pericardiocentesis, usually results in satisfactory resolution of tuberculous pericardial effusion. In populations with high TB/HIV prevalence,
TB is the most likely treatable cause of pericardial
effusion. It may be safer for the patient to start presumptive anti-TB treatment than to undergo diagnostic pericardiocentesis.
Ascites
Ascites are abnormal accumulations of serous fluid
in the spaces between tissues and organs in the
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cavity of the abdomen that may result from peritoneal TB. Children present with constitutional features and ascites. Marked wasting is common. Signs
of other causes of ascites, such as nephritic syndrome
(peripheral and periorbital edema) or portal hypertension (marked splenomegaly), are usually absent.
There may be palpable abdominal masses (mesenteric lymph nodes).
Where available, CXR should be done to look
for associated PTB and a diagnostic ascitic tap
performed. The aspirated exudate is usually strawcolored, but occasionally turbid or blood stained.
Ultrasound, if available, may show enlarged mesenteric or retroperitoneal lymph nodes. Blind percutaneous needle biopsy of the peritoneum has a
low pick-up rate and a high complication rate.

Tuberculous Meningitis
Children with TBM usually present with constitutional features and chronic meningitis. There
is gradual onset and progression of headache and
decreased consciousness. Examination in children seldom reveals neck stiffness and a positive
Kernig sign (i.e., pain and resistance on attempting
to extend the leg at the knee, with the thigh flexed
at the hip). Cranial nerve palsies may result from
exudate around the base of the brain. Tuberculomas
and vascular occlusion may cause focal neurological deficits and seizures. Obstructive hydrocephalus
may develop. Spinal meningeal involvement causes
paraplegia (spastic or flaccid).
The diagnosis usually rests on clinical grounds
and cerebrospinal fluid (CSF) examination. In
most cases of clinically suspected TBM, lumbar
puncture is safe. When performing lumbar punctures, it is important to note the following:
• Lumbar puncture is hazardous if the patient
has a focal neurological deficit (i.e., cerebral
space-occupying lesion) or if fundoscopy shows
papilledema (i.e., raised intracranial pressure).
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Other Forms of EPTB
Other forms of EPTB are less common. There is
no information as to whether they occur any more
frequently in HIV-positive children than in HIVnegative children.

Recommendations for
Integration of TB and HIV
Care for Pediatric Patients
The following discussion is based on the recommendations contained in the Zambian TB/HIV
Guidelines.46
Key priorities for TB control programs seeking to better integrate TB and HIV care for pediatric patients include prevention of HIV infection
through strengthened prevention of mother-tochild transmission (PMTCT) programs; early identification of HIV-infected infants; and early TB
identification, care, and prevention. The following
is a brief summary of how both TB and HIV care
activities can be linked in order to ensure timely
detection, treatment, and follow-up of coinfected
patients.
TB services can be linked to HIV care and treatment through the following:

• Routine HIV diagnostic counseling and testing
(DCT) for all TB patients
• HIV prevention counseling for all patients,
which includes easy referrals and linkages to
other related services (e.g., PMTCT, maternal
and child health services)
• Rapid entry into HIV/AIDS care and treatment
programs for TB patients who are infected
with HIV—should be done as soon as possible,
regardless of the patient’s clinical status (WHO
staging) or immune function (CD4 percentage/
absolute count)
HIV counseling and testing services (e.g., voluntary counseling and testing, PMTCT) can be linked
to TB services through the addition of active symptom screening for TB as a routine component of
HIV testing.
HIV care and treatment services can be linked to
TB services through the following:
• HIV care and treatment programs should
incorporate routine, active screening for TB in
all HIV-positive children at all visits. However,
more structured, directed screening should be
performed (1) at enrollment of all children, especially those who are severely immunocompromised; (2) for those with a recent positive adult
contact; and (3) for any child failing to respond
positively to ART or who is deteriorating after
an initial response. This structured screening
should include close monitoring of weight gain
and a regular chest exam (particularly for those
presenting with failure to thrive, a chronic cough,
fever, or weight loss). An easy-to-use checklist
(see Figure 5) can be adapted for use in screening
children. CXR, where available, is useful but cannot be used to rule out TB infection.
• Patients on concomitant anti-TB therapy and
ART should be seen twice weekly until stable
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• Lumbar puncture is important for differentiating purulent bacterial meningitis from TBM.
Where available, cryptococcal meningitis can be
excluded by CSF microscopy (India ink stain)
and fungal culture.
• In some countries, cultural beliefs may prevent
patients from consenting to lumbar punctures.
Under these conditions, health workers should
be trained to have a high index of suspicion and
a relatively low threshold for empiric TB treatment. Failure to treat appropriately at an early
stage is likely to result in profound, permanent
neurological damage.

Does the child have one or more of the following?

Y/N

1. Cough/illness >3 weeks, not responding to antibiotics
2. Evidence of wasting (<60% WAZ [weight-for-age z-score])
3. Failure to thrive
4. Contact with an adult or older child with smear-positive pulmonary TB
5. Prior history of TB
6. A positive tuberculin skin test*
*Mantoux testing may be helpful but does not exclude a diagnosis of TB
(i.e., an immunocompromised child may have a negative tuberculin skin test despite having TB).

Figure 5. Suggested pediatric TB screening checklist for HIV programs
Source: Adapted from WHO.44

and then monthly thereafter. Careful clinical
examination should be performed at all visits
to ensure early recognition and management of
any potential side effects and toxicities. A full
blood count and liver function test is only recommended if clinically indicated.
• HIV care and treatment programs should coordinate carefully with TB control programs to
ensure that data, reporting, and drug management are well coordinated. Development of
strong, reliable supply chain management systems is imperative to successful integration of
HIV/TB programs.
HIV and TB adherence support programs (e.g.,
adherence counseling, directly observed therapy
short course [DOTS], pharmacy services) should
coordinate to maximize the effectiveness, efficiency, and benefits for clients who are on antiTB treatment and ART. Counselors require
specific training to be able to meet the needs
of coinfected patients. Large pill burdens and
higher occurrences of drug toxicities mean that
these patients are at a particularly high risk for
poor adherence.

494

Community- and home-based prevention and
care programs should coordinate and collaborate
to maximize the effectiveness, efficiency, and benefits for clients who are coinfected or who are at
risk of being coinfected.

Conclusion
The diagnosis and management of TB in
HIV-positive children remains a challenge.
Distinguishing between primary TB infection,
relapse, or untreated and/or partially treated or
drug-resistant subclinical infection is clinically difficult, particularly in areas of high TB prevalence
where reinfection rates are high. The optimal timing of ART initiation for children receiving anti-TB
treatment has not yet been determined. However,
delaying ART initiation to reduce the risk of IRIS
in severely symptomatic and/or clinically advanced
TB coinfected children is not advisable, because
the risk of mortality is high.
Initiation of ART within eight weeks of TB
treatment, disseminated and extrapulmonary TB,
rapid CD4 count increase (in response to ART),
and rapid viral load decrease have all been associated with an increased risk of IRIS. Despite

From the ground up: Establishing a Framework for Success

increased drug toxicity, and subtherapeutic
ART levels. Integration of TB and HIV services
is needed to ensure comprehensive identification and management of coinfected children.
Additional research is needed into easier-to-use,
point-of-care TB diagnostics, as well as ARVs that
cause fewer drug interactions and are therefore
better suited for use in children, in order to alleviate the burden of both these diseases in resourcelimited settings.
prevention and management
of tuberculosis

adequate screening, subclinical infection may be
easily overlooked in severely immunocompromised children. Traditional TB diagnostic tools
are often insensitive in HIV-positive children
and may lead to over- and underdiagnosis and
treatment; further research is needed in this area.
Avoiding unnecessary TB treatment is important in the context of ART, as the simultaneous
administration of ARV and anti-TB drugs is associated with decreased tolerance and adherence,
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Approaches to Prevention and
Management of Multidrug-Resistant
and Extensively Drug-Resistant
Tuberculosis
Yale University School of Medicine, United States
Philanjalo, Church of Scotland Hospital, South Africa

a

b

W

orldwide, tuberculosis (TB)
is second only to HIV/AIDS as a cause
of death from a communicable disease.1 Two billion people, approximately onethird of the world’s population, are infected with
Mycobacterium tuberculosis and have latent TB
infection or active disease. In 2006 alone, 9.2 million people were newly infected, and 1.7 million
people died of TB infection.2 In the same year, the
World Health Organization (WHO) estimated that
90% of individuals living with TB infection and
disease live in developing countries. Although the
global incidence rate of TB appears to be declining
in many parts of the world, the recent increases in
the total number of cases in Eastern Europe, parts
of Southeast Asia, and Africa are sufficient enough
in number to cause a global increase in TB cases.
In Eastern Europe, the increases are attributed to
breakdowns in national health-care systems during
the economic crises at the end of the communist
era, while in Africa, dramatic increases in TB have
resulted from the catastrophic scale of the AIDS
epidemic in several countries.
Added to the rising burden of TB and HIV is
the increasing recognition of the insidious and now
growing epidemic of drug-resistant TB in many

parts of the world. Although the large majority of
TB cases worldwide are susceptible to available
effective anti-TB therapy, drug-resistant TB has now
emerged as a major and emergent threat worldwide
(Figure 1).3-7 Drug-resistant TB is defined by resistance to various anti-TB drugs and characterized as
resistance to single or multiple agents:
• Any drug-resistant TB describes TB with resistance to one of multiple drugs.
• Multidrug-resistant TB (MDR-TB) is defined
as having resistance to the two most potent
anti-TB drugs, isoniazid and rifampin.
• Extensively drug-resistant TB (XDR-TB) is
newly defined as having multidrug resistance
(resistance to isoniazid and rifampin) as well
as resistance to at least two additional secondline medications, a fluoroquinolone and one or
more injectable agents (amikacin, kanamycin,
or capreomycin).8
Drug-resistant M. tuberculosis is further characterized by its genesis into acquired or primary
resistance.
• Acquired resistance is the result of inadequate
treatment completion with consequent selection of resistant organisms, also referred to as
the amplification of resistance.
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Figure 1. Countries reporting XDR-TB as of February 2008 (Based on information provided to
WHO Stop TB Department)9
• Primary or initial resistance is the result of
the transmission of TB strains that have already
acquired resistance. In this instance, patients
may start therapy with the disadvantage of
being unable to benefit from the most potent
therapeutic regimens.
Acquired resistance resulting from inadequate
therapy has been the most common cause of TB
drug resistance worldwide, and its presence is
taken as a measure of the effectiveness of TB treatment programs.
Although previously often thought of as resulting only from patient adherence failure, the genesis of acquired TB drug resistance is more complex
and results from several factors, either singly or in
combination, as outlined in Box 1.
Resistant isolates emerge under pressure from
(inadequate) drug therapy. Classically, acquired
resistance is believed to occur under selective drug
pressure as a single mutation or an accumulation
of mutations, the latter also known as the amplification of resistance. These mutations either alter
the target protein of the antituberculous agent or
500

attenuate the effect of the antituberculous agent by
overproducing the target protein.10,11 Horizontal or
plasmid-mediated transmission of resistance has
not been demonstrated in M. tuberculosis.
The genetic barrier of a particular drug to resistance is based on the efficacy of the drug and the
probability of mutations. For instance, in susceptible M. tuberculosis, the average rate of mutations
leading to isoniazid resistance is 2-3 x 108 mutations/bacterium/generation, with an estimated
mutation prevalence of 1 in 106 bacilli in an environment without drug pressure. For resistance to
rifampin, the mutation rate is 2.5 x 1010 mutations/
bacterium/generation, with an estimated mutation
prevalence of 1 in 108. The chances of resistance
to isoniazid and rifampin together (MDR-TB)
occurring in nature are the product of the individual mutation prevalences—1 x 1014—and therefore extremely low. Anti-TB agents have differing
barriers to resistance: less effective drugs such as
capreomycin, cycloserine, ethionamide, thiacetazone, and viomycin have a higher mutation incidence (of 103) and therefore a higher propensity for
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Patient and Provider Factors:
n

n

n

n
n

Patient’s nonadherence (lack of education, lack
of transportation, substance use disorder)
Prescribing error (insufficient number of agents,
suboptimal dosing)
Inadvertent use of nonviable medications (treatment of resistant organisms)
Malabsorption
Drug interactions

Health System Factors:
n
n

n

n

Poorly functioning DOTS program
Medication inaccessibility (stock-outs) or poorquality medications
Insufficient providers / distant health-care
facilities
Lack of culture and drug susceptibility testing
(including second-line drugs)

resistance, while drugs such as isoniazid, ethambutol, kanamycin, para-aminosalicylic acid (PAS),
and streptomycin have a lower mutation rate (106)
and therefore a higher barrier to resistance.10,11
Many examples of acquired drug resistance
have been reported from both high-income and
resource-limited settings. Most recently, in a study
from South Korea,16 among 250 patients with TB
(excluding HIV-positive patients), MDR-TB was
noted in 10% of new cases and 65% of previously
treated patients, while XDR-TB was noted in none
of the new cases and 16% of previously treated
patients, suggesting that the XDR-TB in South
Korea is mainly acquired in the setting of inadequate therapy.
A prime example of the amplification of
acquired resistance was recently demonstrated in
South Africa. Utilizing molecular genotyping and
resistance testing, analysis of MDR-TB isolates
from 1994 to 2002 revealed the most common
genotype, F15/LAM4/KZN, and demonstrated
stepwise accumulation of drug resistance to ethionamide, capreomycin, kanamycin, and lastly
fluoroquinolones from 1994 to 2000, to become

extensively drug resistant. Streptomycin resistance
in the F15/LAM4/KZN genotype in 1994, coupled
with the practice in South Africa (following WHO
guidelines) of adding streptomycin alone to fourdrug regimens in patients with interrupted or failing therapy, suggests that this strategy may have
aided in the development of XDR-TB in South
Africa.17 Surveillance, nationally and internationally, to monitor trends in drug resistance is recommended to avoid recurrence of this potential
iatrogenic phenomenon.
Primary drug resistance, long thought to be less
common than acquired resistance, appears to be
increasing dramatically in settings of high HIV
prevalence. Under these circumstances, unsuccessful treatment for TB is associated not only with
individual patient treatment failure and the selection of resistant organisms, but also with the transmission of these resistant organisms to others and
the further spread of TB resistance. Such a scenario
likely accounts for the recently described epidemic
of XDR-TB among HIV and TB coinfected patients
in rural South Africa, where 55% of patients with
XDR-TB had not previously received antituberculous therapy and therefore had been infected with
an isolate that had already accumulated mutations
and amplified resistance.18
The history of TB drug resistance begins with
the development of the first effective antituberculous drug. The discovery of streptomycin in 1945
for the treatment of TB heralded the era of effective TB chemotherapy. However, in 1947, resistance
to streptomycin was first reported19 and its clinical
significance was quickly appreciated. The finding
of streptomycin resistance among relapsed patients
ultimately led to multidrug regimens as standard
chemotherapy. Not until the early 1990s, when
outbreaks of MDR-TB occurred in New York City,
Florida, Madrid, and Argentina, did drug-resistant
TB begin receiving attention.20-22 These outbreaks of
MDR-TB occurred in the setting of a burgeoning
Prevention and Management of Tuberculosis
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Box 1. Factors Contributing to Development of
Drug-Resistant TB12-15

HIV epidemic. Those who were coinfected with HIV
and TB experienced very high mortality rates.20
Since that time, the global presence of drugresistant TB has escalated. In 2000, the estimated number of worldwide cases of MDR-TB
was 272,906; in 2004, the estimated burden of
MDR-TB was 424,203 cases, or 4.3% of all new
and previously treated cases.3 In 1994, WHO and
the International Union Against Tuberculosis and
Lung Disease (IUATLD) began standardized surveillance of drug resistance and published the first
results in 1997. This initial global survey included
results from only 35 countries and reported the
median rate of MDR-TB among all TB isolates as
1%.23 The next survey, published in 2000, included
72 regions and revealed a stable median MDR-TB
rate of 1% in all new cases, though extremes were
noted in certain regions such as Estonia, where a
14% prevalence of MDR-TB was reported among
new cases.24 In previously treated cases, the median
rate of MDR-TB was 9.3% but ranged up to 48%
in areas such as Iran.24 India’s southern state of
Tamil Nadu, Mozambique, and Zejiang province
in China were also considered to have significant
MDR-TB burdens. In 2004, WHO reported a stable
median MDR-TB rate among new cases of 1.1%,
with 10 countries showing rates greater than 6.5%,
including Ecuador, China, Latvia, the Russian
Federation, Kazakhstan, and Israel; the latter two
had the highest rates, at 14.2% each. The median
MDR-TB rate among previously treated cases was
reported as 9%, with extremes up to 58% and 56%
in Oman and Kazakhstan, respectively.25 In early
2008, WHO published the most recent survey of
drug resistance. Among new cases of TB globally,
the proportion of MDR-TB cases rose to 2.9%,
reaching a high of 19.4% in Moldova and 22.3% in
Azerbaijan. Notably, 14 of the 20 regions with the
highest MDR-TB rates are located in the former
Soviet Union, and another 4 are in China. Among
previously treated cases, the mean MDR-TB rate
502

was 15.3%, with a 17.2% rate in Gujurat state in
India, and a high of 55.8% in Azerbaijan and 60%
in Uzbekistan.26 For the first time, the report also
collected information on XDR-TB; over four years,
Tomsk Oblast in the Russian Federation and Estonia
reported, respectively, 6.6% and 23.7% rates of
XDR-TB among their MDR-TB cases. Over six years
of routine surveillance from 2000 to 2006, the United
States reported 17 cases, or 1.9% of its MDR-TB
cases, with available second-line drug (SLD) susceptibility testing results. Over a four-year period,
Barcelona, Spain, and the Czech Republic reported
8.1% (3 cases) and 20% (5 cases), respectively, of
XDR-TB among MDR-TB cases. In countries that
conducted surveys, Rwanda and Tanzania reported
0%; Baku, Azerbaijan, reported 12.8% (55 cases); and
Donetsk Oblast in Ukraine reported 15% (3 cases) of
XDR-TB among cases of MDR-TB.26
Although WHO has monitored global rates of
drug resistance, surveillance has been limited in
the areas of the world with the greatest TB burdens and almost nonexistent in African countries,
largely due to the lack of infrastructure, particularly laboratory support. Only two countries in
Africa have performed serial surveys of resistance,
Mozambique and Botswana. Mozambique reported
an increase in drug resistance of 3% from 2002 to
2003, in an analysis of HIV patients with newly
diagnosed TB. In this study, MDR-TB comprised
5.8% of new cases and 15.8% of previously treated
cases.27 In Botswana, the prevalence of MDR-TB
has been low, although an increasing trend from
0.2% in 1995 to 0.8% in 2002 has been seen.28 In
South Africa, national surveillance of TB and
drug resistance has been too infrequent. The last
national surveillance was conducted in 2001–2002,
revealing an MDR-TB prevalence of 1.6% among
new patients and 6.6% among patients previously
treated.5 Recent data suggest that this rate likely
has risen dramatically since then, but information
is available only from isolated areas.18,29
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Tugela Ferry and the Discovery of XDR-TB
Philanjalo, a local nongovernmental organization (NGO), to develop a program to integrate
therapy for HIV/AIDS and TB. This program
utilized voluntary community health workers,
treatment literacy training for all patients prior
to initiating antiretrovirals, and household/
family support for the initiation and monitoring
of TB therapy with isoniazid, rifampin, ethambutol, and pyrazinamide. All TB patients were
offered voluntary HIV counseling and testing,
and those who tested positive were started on
ART with a once-a-day regimen of didanosine,
lamivudine, and efavirenz, administered concomitantly with TB therapy.31 In 2005–2006,
mortality rates with the new program decreased
to approximately 12%, but the majority of those
who died were noted to have had TB with an
unexpectedly high level of drug resistance.18
Laboratory testing revealed resistance to all
drugs tested: isoniazid, rifampin, ethambutol,
streptomycin, ciprofloxacin, and kanamycin.
Of the 14 patients who died, 10 were found to
have XDR-TB.
The researchers and physicians subsequently
launched a more intensive surveillance effort in
Tugela Ferry. Of more than 1,500 patients, 544
(35%) had culture-positive TB. Among those
544 patients, 41% were found to have MDR-TB,
and 10% (or 53 patients) were found to have
XDR-TB.18 Among those 53 patients, mortality
was 98%, with a median survival of 16 days after
sputum collection. Therefore, most patients
died prior to obtaining the results of the culture. This was the first and largest global cluster of XDR-TB ever recorded. It was reported
in August 2006 at the International AIDS
Conference31 and published shortly thereafter.18
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outh Africa represents a
striking example of the HIV epidemic in
sub-Saharan Africa and the interaction
of the HIV and TB epidemics. In South Africa,
18.8% of all adults were infected with HIV in
2005.2 In 1990, 80,400 new cases of TB were
reported to WHO, while in 2005, 15 years later,
the number had risen more than fivefold, to
270,000.2 Of new adult TB cases, 58% are HIV
positive nationally, though in some areas rates of
greater than 90% have been reported. Although
antiretroviral roll-out has provided therapy for
HIV/AIDS for more than 300,000 people, only
one-third of those who require antiretroviral
therapy (ART) are currently receiving it.30 In
2005, the estimated TB incidence was 600 cases
per 100,000 population, only 54% of new smearpositive TB cases were cured, 15% completed
treatment (but were not cured), 11% defaulted,
and 7.4% died during treatment—results that
are well below internationally recommended
performance levels.2
Tugela Ferry is located within the
2,000-square-kilometer rural Msinga subdistrict
of KwaZulu-Natal province in South Africa.
The subdistrict’s quarter-million population is
comprised largely of traditional Zulu residents
with high rates of poverty and unemployment.
This area was plagued by increasing rates of TB,
in the setting of a highly HIV-prevalent population. Prior to the era when ART became available, the mortality in this region among TB/HIV
coinfected patients was estimated to be 40%.
In 2003, researchers from Yale University
School of Medicine partnered with physicians
at Church of Scotland Hospital, the 355-bed
provincial district hospital of Tugela Ferry, and
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This information has raised alarm worldwide
due to the large numbers involved, the presence
of HIV coinfection, high mortality, and lack of
therapeutic options. In addition, evidence was
presented that strongly suggested nosocomial
spread of these resistant organisms.
At the same time the intensified surveillance for drug resistance was taking place in
Tugela Ferry, the Centers for Disease Control
and Prevention (CDC) and WHO announced,
in March 2006, the results of surveillance
of 14 supranational reference laboratories
with specimens from 48 countries. Of almost
18,000 specimens, 3,520 were MDR-TB, and of
those, 9.9% were XDR-TB, representing 2% of
all isolates.6,7 It is important to note, however,
that this surveillance included data that generally were not representative of individual country populations, and the study did not include
India or any countries in Africa, and few from
Southeast Asia, and therefore likely did not provide an accurate global prevalence of XDR-TB.
In addition, no information about HIV status
was presented. Drug resistance was represented

While the emergence of the HIV/AIDS epidemic
has had a significant role in increasing worldwide
TB incidence, particularly in developing nations,
the exact nature of the relationship between HIV
and drug-resistant TB is still unclear. HIV infection
may increase susceptibility to TB infection and does
both increase reactivation of latent infection and
facilitate rapid progression to active disease. HIV
infection is the strongest risk factor for the development of TB infection and complicates TB diagnosis. Rapid progression to active disease combined
with increased susceptibility to infection among
HIV patients is one possible model to explain the
increasing global spread of TB in the setting of HIV/
504

globally in most parts of the world: XDR-TB
comprised 15% of the MDR-TB cases in South
Korea6 in 2004 and 10.9% of MDR-TB in Iran
from 2003 to 2005.32 In Latvia, the percentage of
XDR-TB of total MDR-TB cases rose from 19%
in 2000 to 21% in 2002.6 A Russian Federation
TB reference center reported XDR-TB in 1.4%
of new TB cases and 35.9% of retreatment cases
in 2006.33
The XDR-TB pandemic has continued to
expand. As of February 2008, 45 countries
have reported at least one case of XDR-TB
(Figure 1).9
As of February 2008, more than 350 cases
of XDR-TB have been reported from the
district hospital in Tugela Ferry. More than
50 other hospitals and clinics in the KwaZuluNatal province, and the 8 other provinces
of South Africa, have also reported cases of
XDR-TB.28,34 Although not the result of a
national surveillance sample, a retrospective
review of laboratory data from all provinces
of South Africa from 2004 to 2007 reported
996 cases of XDR-TB.26

AIDS.35 However, multiple studies show conflicting
data as to the association of HIV with drug-resistant
TB.36 In the Tugela Ferry XDR-TB outbreak, 100%
of patients tested for HIV were positive.18 In the last
national survey in South Africa in 2001–2002, there
was no relationship between HIV status and drug
resistance.5 Although the majority of cases thus far
reported have been associated with HIV-positive
patients, XDR-TB disease has now been reported
in HIV-negative individuals in South Africa37 and in
Korea.38 Two recent studies have demonstrated that
HIV is an independent risk factor for drug-resistant
TB. Data from Donetsk Oblast in Ukraine in 2006
demonstrate that HIV coinfection is associated
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Management of MDR- and XDR-TB
Diagnosis
The diagnosis of drug-resistant TB is difficult; the
medical history, routine physical examination,
and X-ray studies are not sufficiently sensitive or
specific to distinguish between drug-susceptible
and drug-resistant TB. Tuberculin skin test (TST)
results are not altered with drug-resistant TB, nor
does the presence or absence of acid-fast bacilli
(AFB) on sputum-smear microscopy distinguish
between drug-susceptible and drug-resistant TB.
However, some historical features in patients with
suspected TB are suggestive of increased likelihood
of drug resistance (see Box 2). Clinical suspicion is
often the main tool available at the time a patient
with drug-resistant TB appears for evaluation.

Box 2. Individual Risk Factors for DrugResistant TB12,15,16,26,39,40
n

n

n

n
n

n
n

n

n

n
n

n

History of previous therapy, especially within the
last year
History of recurrence after previous successful
treatment
Hospitalization in an institution with a known
MDR/XDR-TB cluster, particularly within the last
two years
History of nonadherence
Residence in a prison, drug treatment facility, or
shelter
History of kanamycin resistance
Exposure to or household contact with a known
MDR/XDR-TB patient
Residence in an area with a high prevalence of
drug resistance
History of medications concurrent with TB therapy that may have decreased the efficacy of the
anti-TB medications (i.e., drug interactions with
antiretroviral therapy)
History of malabsorption
Previous participation in a program that was
operated poorly
HIV infection

Health-care providers must keep in mind that
the epidemiology of drug-resistant TB, especially
XDR-TB, in high-HIV-prevalence areas is rapidly
evolving, and that the risk factors above are not completely validated or sufficiently accurate to predict
the presence or absence of drug resistance. In the
initial Tugela Ferry XDR-TB cluster,18 the majority
(55%) of the patients with XDR-TB had not previously received any antituberculous agents. A recent
evaluation of 170 patients with drug-susceptible and
drug-resistant TB demonstrated that while hospitalization within the prior two years and antituberculous therapy within the prior year were significant
risk factors for XDR-TB, only 38% and 28%, respectively, of the patients meeting these criteria actually
had XDR-TB.40 The unreliability of clinical suspicion
makes the selection of an anti-TB regimen for treatment of patients with XDR-TB a complex dilemma
for providers.
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with a significant risk of MDR-TB (OR 1.5, P<0.01).
History of previous treatment for TB and history
of incarceration were also significantly associated
with drug-resistant TB.38 A study from Latvia also
showed that HIV is an independent predictor of any
anti-TB drug resistance, including MDR-TB (OR
2.1, P<0.01).26
Even before these recent studies demonstrated
an independent relationship, the epidemics of HIV
and drug-resistant TB were certainly related. TB
programs have long been underfunded and underresourced; over the last two decades, resources have
been focused on HIV while attention to increases
in TB and drug resistance has been scant—this
despite the fact that TB is often the first presentation of HIV disease and the most common opportunistic infection and cause of death in patients
with HIV disease. Indeed, the HIV pandemic has
strained TB control programs, ultimately leading
to decreases in quality of care, including lower
treatment completion and success rates, with the
subsequent increased likelihood of both acquired
and primary drug resistance.

Diagnosis of drug-resistant TB requires microbiologic studies including culture and drug susceptibility testing (DST). Newer technologies, including
molecular tests, are being developed, as described
below, but are not readily available in resourcelimited settings. The absence of microbiological
facilities, including capacity for SLD susceptibility
testing, has severely hampered the diagnosis and
appropriate treatment of drug-resistant TB. Even
when available, current culture preparation and
DST require prolonged periods of time and result
in delays in appropriate therapy and the continued
transmission of resistant organisms. Growth on
solid culture can take up to six to eight weeks, while
liquid culture requires up to three to four weeks.
DST takes up to another six weeks after M. tuberculosis is identified by culture. The current preferred
choice for DST is the 1% proportion method, evaluating bacterial growth on agar plates infused with
known concentrations of antituberculous drugs.
Resistance is considered present if 1% of the bacterial concentration is resistant to the critical concentration of the antituberculous drug. Unlike for
first-line agents, the critical concentrations for SLDs
are often similar to the minimal inhibitory concentration (MIC), making DST for drug-resistant
TB more complex.12 Furthermore, correlation of in
vitro testing with clinical outcomes is not optimal,
and DST methodology is not standardized.41,42
Ideally, all patients with TB, especially those with
the risk factors noted in Box 2, should have sputum
or other body fluids tested for susceptibility to isoniazid, rifampin, ethambutol, and streptomycin, with
the addition of SLD testing. If DST is not possible
routinely, as is the case in most resource-limited settings, clinical decision making is hindered and the
opportunity for successful treatment outcomes is
limited. The lack of laboratory capability for culture
and DST has contributed to the growth of MDRand XDR-TB—patients with drug-resistant TB are
initiated on inappropriate and ineffective therapy,
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which potentiates the spread and increases the risk
of toxicities from inappropriate medications. In
most regions, as in southern Africa, and in accordance with WHO guidelines,14,43 culture is not routinely recommended and is reserved for cases of
treatment failure or relapse, or for cases of smearnegative TB and failure to respond to conventional
antibiotics.14,43 In practical terms, it is often the failure to convert to smear negativity after two months
of therapy, or persistence of fever weeks after starting an antituberculous regimen, or clinical or radiological deterioration despite therapy, that leads to
the concern about drug resistance.9,14 Without DST
data, clinicians are forced to rely on algorithms and/
or experience to initiate therapy, which has been a
failed strategy.
Newer DST Methods
Several methods have been increasingly used to
replace the lengthy process required by culture
on solid media with subsequent DST by the agar
proportional method. Automated liquid cultures
such as the Bactec 460 and MBBacT are dependent
on carbon dioxide production, while the MGIT
(Mycobacteria Growth Indicator Tube) depends on
oxygen consumption; both types decrease the time
to positive culture to two to three weeks.41 While
trials with the MGIT system are under way in several resource-limited settings, the costs of the complicated culture vials (US$2–US$8 per vial)44 and
large incubators needed for backup solid-media
culture, and the potentially high rate of contamination of liquid cultures, limit the applicability of this
technology for most resource-limited settings.45
The Microscopic Observation Drug Susceptibility
(MODS) assay is another recent addition. It is inexpensive and simple to conduct, with results available
within a median time period of seven days, ideal
for resource-limited settings.46 The MODS assay
depends on the characteristic serpentine cording of
M. tuberculosis and the use of an inverted microscope
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assays for the gene mutations in the rpoB sequence
supporting rifampin resistance as well as phagebased assays such as FASTPlaque, which assesses
rifampin resistance within days.47 The phage-based
FASTPlaque has been developed into a commercial kit and is in trials, though it does require new
technical skills for laboratory workers. The Hain
and Innogenetics assays both utilize standard PCR
on smear-positive sputum with amplicon hybridization to oligonucleotide probes on nitrocellulose
strips, promising results within 24 hours, and have
shown good results in early studies, though up to
10%–15% show indeterminate responses, requiring
retesting.47 A pilot study of this assay in 536 patients
showed 99% sensitivity and 100% specificity in
smear-positive cases, and 14 out of 15 smearnegative culture-positive specimens were also correctly identified. The costs associated with this assay
may be less than with traditional culture and DST; a
larger demonstration project is under way.47
While these assays would require substantial training of laboratory workers, the real-time
PCR (GenXpert) mentioned above has also shown
promising results for rapid identification of
rifampin resistance with little required infrastructure, ideal for resource-limited settings.

Therapy
Patients with drug-resistant TB are at increased
risk of treatment failure—therapy is less potent,
more complex, more toxic, more prolonged, and
more expensive compared to treatment with firstline drugs. All these factors contribute to decreased
completion rates, decreased cure rates, and increased
mortality. Treatment can be successful if a plan of
care with sufficient infrastructure and individual
patient commitment is established.
The cornerstone of TB treatment has been
DOTS—initially an acronym for directly observed
therapy and short course chemotherapy—which
has evolved to encompass the main public health
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to evaluate for growth and cording, with simultaneous wells supplemented by various concentrations of
antituberculous drugs. This assay has shown excellent correlation with traditional Lowenstein-Jensen
culture and automated MBBacT culture systems,
and has been validated in highly endemic TB regions.
Trials in highly prevalent HIV areas are under way.
One major limitation of this assay is that it does not
currently include susceptibility testing for SLD.
Molecular assays such as nucleic acid amplification tests (NAATs) are currently the best-studied
application for the identification of M. tuberculosis and drug resistance. The most common assays
include polymerase chain reaction (PCR), transcription amplification (GenProbe), and strand displacement amplification; all show high specificity, though
sensitivity is slightly lower than that of culture. Loopmediated isothermal amplification (LAMP) is being
developed for improved case detection and would
potentially require little molecular training for staff,
though it does still require specimen processing,
albeit via simplified methods. Trials in resourcelimited settings show highly variable results, however, and the costs and expertise required to run
these assays and to maintain the equipment are currently beyond the capacity of laboratories in most
resource-limited settings.45
A barrier to molecular tools for diagnosing TB
has been specimen processing and DNA extraction. One promising new tool involves real-time
PCR (GeneXpert) on clinical specimens; it automates the entire process and requires little from lab
personnel and little laboratory infrastructure. It is
currently being developed to identify the presence
of M. tuberculosis as well as molecular beacons for
rifampin resistance with a turnaround time of less
than two hours.
With regard to DST, there are other new technologies that may be very helpful and in certain
instances could lead to more rapid initiation of
treatment with SLDs. These include line probe

Box 3. Principles for Choosing and Administering a Regimen for MDR/XDR-TB13,14,48
n
n
n
n
n
n
n
n
n

n
n
n
n
n

Minimum of four drugs, preferably five or more
Include any first-line agents to which the patient’s isolate is susceptible
Include an injectable if possible
Include a fluoroquinolone if possible
Bactericidal drugs are preferable to bacteriostatic agents
Make use of the higher end of the recommended dosing, as tolerated
Each dose of medication should be administered under DOTS (directly observed therapy short course)
Patients should also receive 150 mg pyridoxine (B6) daily as part of the regimen
Once drug susceptibility testing results are available, treatment regimens should be adjusted to consist of
preferably five drugs sensitive to the patient’s isolate
Medications should be administered six days per week, commonly twice per day to decrease side effects
The injectable medication should be administered for at least six months after sputum conversion
Continuation phase should continue for 18–24 months after sputum conversion
A patient-centered approach is essential to avoid default and improve outcomes
Documentation of all therapy is critical

strategy for TB control. Implementation of DOTS
showed significant improvement in TB control in
several countries, though resistance also increased.
A DOTS-plus strategy was introduced in 1998,49
focused on improving resources for MDR-TB and
deriving individual treatment regimens from DST
or empiric therapy based on local epidemiology.
This strategy has been successful, with cure rates
approaching 70% in selected resource-limited settings,50 though highly HIV-prevalent areas have
had less success. The Stop TB Strategy established
in 2000 has broadened the scope of the approach
to managing TB to include health-system strengthening, strategies for MDR-TB and HIV/TB coinfection, patient and community empowerment,
and promotion of research into newer diagnostics,
drugs, and vaccines.51
There are no randomized controlled trial data
on which to base treatment guidelines for drugresistant TB; these are primarily the result of case
series and expert consensus. Experience with
MDR-TB is limited in certain areas, and expert
consultation is usually recommended. The choice
of regimen is ideally based on DST; however, this
is not always possible. Hospitalization has traditionally been preferred for the initiation of therapy
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so that the infectious person is removed from
the community, adverse effects can be addressed
immediately, treatment can be supervised, and the
patient can be educated with regard to the importance of treatment.52 However, in light of recent
findings suggesting the nosocomial spread of
XDR-TB, this approach is currently being debated
and some advocate for outpatient therapy.53 An
outpatient course of therapy hinges on the clinical
stability of the patient; some patients require hospitalization at least for initiation of therapy. The
decision for inpatient treatment is made after an
individual case-by-case discussion between providers and patients, based on risks and benefits.
There have been few trials evaluating the feasibility and safety of this strategy. In Peru, 75 patients
with MDR-TB were treated in the ambulatory setting, with 66 completing therapy and 83% considered probable cures.54 Only 1 patient among
65 patients tested was positive for HIV in this study.
Another study of 48 XDR-TB patients from Peru
demonstrated that cure rates of 60.4% were possible with aggressive monitoring, though none of
these patients were HIV positive.55 Another recent
study in rural Guangxi province in China reported
improved cure and completion rates among
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Box 4. Suggested Regimens14
For isolates with resistance to isoniazid and rifampin (MDR):
n Pyrazinamide–ethambutol–fluoroquinolone–streptomycin–ethionamide
n Streptomycin (or other injectable) should be continued for at least 6–12 months and until sputum
conversion; remaining regimen should be continued for at least 18 months
For isolates with resistance to isoniazid, rifampin, ethambutol, and pyrazinamide (MDR):
Fluoroquinolone–injectable (kanamycin/amikacin/capreomycin)–2 of the following: ethionamide/
cycloserine/para-aminosalicylic acid (PAS)
n The injectable may be discontinued after 6–12 months or sputum conversion; remaining regimen should be
continued for at least 18 months after sputum conversion
Isolates with resistance to isoniazid, rifampin, fluoroquinolones, injectables (XDR)*
Standardized regimens or guidelines do not exist for the treatment of XDR-TB. A regimen must be constructed
utilizing the principles described above. Some possibilities include the following:
n Capreomycin–PAS–cycloserine (or terizidone)–ethambutol and/or pyrazinamide (if susceptible)–
thiacetazone (if HIV negative) or third-line agents
n Pyrazinamide–PAS–capreomycin–ethionamide–ethambutol–terizidone**
n Pyrazinamide–PAS–capreomycin–ethionamide–terizidone**
n Pyrazinamide–capreomycin–ethionamide–terizidone–clarithromycin–amoxicillin/clavulanate**
*Not based on data or guidelines
**Regimens used at TB reference hospital in South Africa58

smear-positive and smear-negative patients, and
decreased default rates among patients treated at
a decentralized township hospital in comparison
to traditional county dispensaries,56 though HIV
status was not reported. This type of ambulatory
strategy has yet to be implemented among patients
with HIV, who may experience more adverse
effects and drug interactions and require concomitant HIV therapy and closer monitoring.
The key principles for choosing a regimen and
treating patients with MDR-TB therapy are listed
in Box 3.
Treatment is likely the last chance for cure and
should be approached this way with the patient.52
Education of the patient decreases the likelihood of
default. Medications likely to cause gastrointestinal
distress should be taken at bedtime. Interventions
such as antiemetics for nausea, loperamide for
diarrhea, and electrolyte repletion for patients with
significant gastrointestinal losses should be monitored and anticipated, and any dose adjustments

should be performed as soon as a problem is identified. Close monitoring and support is also important for psychological tolerance of medications.
Hospitalization for the initial phase may also be
important to address substance abuse or psychiatric comorbidities, if present.52 However, the likely
nosocomial spread of XDR-TB may incline providers against prolonged hospitalization.
Empiric therapy of drug-resistant TB should
begin with six or seven new drugs, including at
least two that are bactericidal (Table 1).
With XDR-TB, aiming for five drugs may be
more desirable but less feasible. It is important to
be familiar with the patient’s previous medications
as well as local resistance patterns. An empiric
regimen (Box 4) should include enough medications such that if some need to be discontinued
due to toxicities or tolerability issues, an adequate
regimen will still be in place. Once the results of
susceptibility testing are known, the most toxic or
weakest drugs can be removed.
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Table 1. Antituberculous Agents12-14,48,57,58
Class

Mechanism

Metabolism

Dose

Side effects

Comments

Isoniazid
(H, INH)

Isonicotinic acid
hydrazide

Bactericidal;
inhibits cell
wall mycolic
acid synthesis

Hepatic
acetylated
(individual
slow vs. fast
acetylator
predicts halflife)

5 mg/kg,
300 mg
daily

Hepatitis
Peripheral
neuropathy
(prevented with
25 mg or 50 mg
pyridoxine
daily)
Uncommon:
gynecomastia,
psychosis,
seizure

Rifampin (R)
Rifabutin
Rifapentine

Rifamycins

Bactericidal;
binds to D
subunit of RNA
polymerase

Hepatic

8–12 mg/
kg, 300–
600 mg
daily

Hepatitis
Orange body
fluids

Pyrazinamide
(PZA)

Nicotinamide

Bacteriostatic;
mechanism
unclear,
disruption of
membrane

Hepatic;
renal
excretion

25 mg/kg,
1 g daily

Hepatitis
Hyperuricemia

Ethambutol
(E, EMB)

Ethyldiimino

Bacteriostatic;
inhibition
of cell wall
synthesis

Renal
excretion

15 mg/kg,
800 mg
daily

Uncommon:
retrobulbar
neuritis in renal
failure

Some experts recommend 25 mg/kg
initially, decreasing to
15 mg/kg once culture
negative

Streptomycin
(S)

Aminoglycoside

Bactericidal;
binds to
16srRNA,
inhibits
translation

Renal
excretion

15 mg/
kg, 1 g
intramuscularly
daily

Ototoxicity,
potentiated by
renal failure,
loop diuretics
Nephrotoxicity
Peripheral
neuropathy
Pain at injection
site
Vestibular
toxicity

Contraindicated in
pregnancy

First-Line Agents
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Class cross-resistance
Rifabutin is a less
potent inducer of
CYP450, and, therefore, drug interactions
less concern
Rifapentine should
not be used in
patients with HIV
infection or unknown
HIV status, cavitary
disease, or positive
sputums at end of
initiation phase
Decreases efficacy of
oral contraceptives;
consider increased
estrogen dose

Table 1. Antituberculous Agents (cont.)12-14,48,57,58
Class

Mechanism

Metabolism

Dose

Side effects

Comments

Ciprofloxacin
(CPX)
Ofloxacin
(OFX)
Levofloxacin
(LFX)
Moxifloxacin
(MFX)
Gatifloxacin
(GFX)

Fluoroquinolones

Bactericidal;
binds to DNA
gyrase

Renal
excretion

CPX
1500 mg
daily
OFX
800 mg
daily
LFX
750 mg
daily
MFX
400 mg
daily
GFX
400 mg
daily

GI upset
Mild psychosis
seizure (mainly in
elderly)

Class cross-resistance
Decreased absorption
with milk, antacids,
divalent cations
Gatifloxacin may prolong QT interval and
dysglycemia
Greatest long-term
data with levofloxacin

Kanamycin
(K)

Aminoglycoside

Bactericidal;
binds to
16srRNA,
inhibits
translation

Renal
excretion

15 mg/
kg, 1 g
intramuscularly
daily

Ototoxicity,
potentiated by
renal failure, loop
diuretics
Nephrotoxicity
Peripheral
neuropathy
Pain at injection
site
Vestibular toxicity

Contraindicated in
pregnancy
Class cross-resistance

Amikacin
(AMK)

Aminoglycoside

Bactericidal;
binds to
16srRNA,
inhibits
translation

Renal
excretion

15–20 mg/
kg, 1 g
intramuscularly
daily

Ototoxicity,
potentiated by
renal failure, loop
diuretics
Nephrotoxicity
Peripheral
neuropathy
Pain at injection
site
Vestibular toxicity

Class cross-resistance

Capreomycin
(CM)

Cyclic
polypeptide

Bactericidal;
inhibits tRNA
and protein
synthesis

Renal
excretion

15–20 mg/
kg, 1 g
intramuscularly
daily

Nephrotoxicity
Ototoxicity
Peripheral
neuropathy
Pain at injection
site
Vestibular toxicity

No cross-resistance
with aminoglycosides

Ethionamide
(ETO)
Prothionamide (PTO)

Thiamides

Bacteriostatic

Hepatic
metabolism, renal
excretion

15–20 mg/
kg,
750 mg
daily

High-frequency GI
distress
Metallic taste
Hypothyroidism,
especially with
PAS

Seizures with
cycloserine
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Second-Line Agents

Table 1. Antituberculous Agents (cont.)12-14,48,57,58
Class

Mechanism

Dose

Side effects

Comments

10–15 mg/
kg, 750 mg
daily

Neurologic/psychiatric: irritability,
aggression, headaches, tremors
Uncommon: psychosis, neuropathy,
seizures esp. with
alcohol and INH

Add 50 mg
pyridoxine for
every 250 mg CS to
attenuate central
nervous system
(CNS) side effects
May increase phenytoin levels

15–20 mg/
kg
daily

GI distress
headache
seizures
dysarthria

Vitamin B6 should
be given to
attenuate CNS side
effects

200–300
mg/kg
2–4 doses,
12 g daily

High-frequency GI
distress
Hypothyroidism,
especially with ETO
Uncommon:
hepatitis

2.5 mg/
kg, 150 mg
daily

GI distress
vertigo
conjunctivitis,
hypersensitivity
reactions including
Toxic Epidermal
Necrolysis (TEN),
Stevens-Johnson
syndrome (SJS)
especially in HIV
infection

Second-Line Agents (cont.)
Cycloserine
(CS)

Alanine
analogue

Terizidone
(Trd)

Contains
cycloserine,
similarly
efficacious

Paraaminosalicylic
acid (PAS)

Salicylic
acid

Bacteriostatic;
disrupts
cell wall
proteoglycan
synthesis

Bacteriostatic;
inhibits
folic acid
metabolism

Renal
excretion

Hepatic
acetylation, renal
excretion

Third-Line Agents (little available information)
Thiacetazone
(THZ)

Weakly
bactericidal;
inhibits
mycolic
acid
synthesis

Linezolid

Clofazimine
(Cfz)
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Bacteriostatic;
binds
to DNA,
inhibits
growth

Not
established

Renal
excretion
30%

Unknown
for MTB

Lowers seizure threshold,
myelosuppression if duration >
2 weeks, peripheral
neuropathy
Serotonin syndrome

100–300 mg/
day

GI
excretion

100 mg
daily

GI distress, reddish
brown discoloration
of skin, slowly
resolves after
discontinuation of
drug

From the ground up: Establishing a Framework for Success

Cross-resistance with
INH and ETO; avoid
in hepatic, renal
impairment; avoid in
HIV patients

Concentrates in lung,
liver, spleen
Interacts with aluminum, magnesium,
phenytoin Contraindicated in pregnancy
and breastfeeding

Table 1. Antituberculous Agents (cont.)12-14,48,57,58
Class

Mechanism

Dose

Side effects

Comments

Not established for
MTB

Rash, GI distress

Caution in hepatic
impairment
Lowers efficacy of
oral contraceptives

1000 mg
daily, not
established
for MTB

GI distress,
headache
Rare hepatic failure

Halve dose for
CrCl<30

Amoxicillin/
Clavulanate

ß-lactamase

Bacteriostatic

Clarithromycin

Macrolide

Binds to 50S
subunit of
rRNA

Viomycin
(V)

Polypeptide

Inhibits
translation
and protein
synthesis

Hepatic

Pyrazinamide’s in vitro activity is known to correlate poorly with clinical outcomes. Some experts
may include it but, uncertain of its potency, will
also include an adequate number of “definite”
drugs.52 Most providers will initiate four to five oral
drugs with parenteral aminoglycoside or capreomycin continued for at least 6–24 months after
the sputum culture becomes negative. Regimens
containing a fluoroquinolone50,59-61 and aminoglycoside for at least 18 months seem to have higher
success rates. Drug dosing should be tailored for
hepatic and renal dysfunction (Table 2); significant impairment may preclude the use of certain
drugs.13,14 In the first phase of treatment, medications are administered under directly observed
therapy (DOT) daily or six times per week. Some
programs allow self-medication on the weekends;
intermittent dosing schedules do not currently
exist for MDR/XDR-TB.
Pyrazinamide, ethambutol, and fluoroquinolones should be given once daily, due to the high
serum levels achieved with once-daily dosing.
Among fluoroquinolones, though long-term data
are lacking, moxifloxacin and gatifloxacin are considered to have the best in vitro activity, followed by
levofloxacin, and then ofloxacin and ciprofloxacin.

Cross-resistance
with capreomycin

For ethionamide/protionamide, cycloserine, and
PAS, split daily dosing has traditionally been used,
primarily to decrease toxicity.14 For aminoglycosides, if susceptible, streptomycin is the preferred
agent. Kanamycin or amikacin is considered the
next step; they are similarly efficacious but demonstrate cross-resistance. If streptomycin and kanamycin are not options based on DST, or if renal
insufficiency is present, capreomycin is the agent of
choice. Viomycin behaves similarly to capreomycin and will show cross-resistance with it. Between
ethionamide/protionamide and PAS, the former
is usually chosen for its lower cost and demonstrated efficacy, while the latter is chosen due to an
enteric-coated formulation that is well tolerated.14
Given the high incidence of GI side effects with
both of these agents, often one is used with cycloserine instead of together, unless both are necessary based on DST results. B6 should be given with
cycloserine and terizidone to attenuate the central
nervous system (CNS) side effects of these agents.
Thiocetazone’s use is limited by potentially severe
skin reactions, including Stevens-Johnson syndrome. This has been particularly noted in HIV
patients,57 and the drug should be avoided in these
patients.
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Third-Line Agents (little available information) (cont.)

Table 2. Dosing in Patients with Renal Insufficiency (CrCl<30 or on Hemodialysis)14
Agent

Change Required?

Dose and Frequency

Isoniazid

N

300 mg once daily

Rifampin

N

600 mg once daily

Ethambutol

Y

15–25 mg/kg per dose three times per week

Pyrazinamide

Y

25–35 mg/kg per dose three times per week

Streptomycin

Y

12–15 mg/kg per dose two or three times per week

Moxifloxacin

N

400 mg once daily

Gatifloxacin

Y

400 mg three times per week

Levofloxacin

Y

750–1000 mg per dose three times per week

Ofloxacin

Y

600–800 mg per dose three times per week

Ciprofloxacin

Y

1000–1500 mg per dose three times per week

Kanamycin

Y

12–15 mg/kg per dose two or three times per week

Amikacin

Y

12–15 mg/kg per dose two or three times per week

Capreomycin

Y

12–15 mg/kg per dose two or three times per week

Ethio/Protionamide

N

250–500 mg per dose daily

Cycloserine

Y

250 mg once daily or 500 mg per dose three times per week

PAS

N

4 g per dose, twice daily

Terizidone

Unknown

Unavailable

Many patients treated for drug-resistant TB
may require nutritional supplements. For patients
requiring divalent cation mineral replacements,
these should be administered separately from
fluoroquinolones to avoid poor absorption.
No therapeutically reliable regimens exist for
XDR-TB. When suspected, the greatest number
of second-line agents possible is appropriate until
DST results are available. Clofazimine, linezolid,
amoxicillin-clavulinic acid, and clarithromycin
have been utilized in specialized centers as “thirdline” agents.55,59 However, limited information is
available about their efficacy in the treatment of
MDR- or XDR-TB.13,14
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In the setting of extrapulmonary TB, the design
of a therapeutic regimen is based on similar principles as above. In the setting of CNS TB, drug
penetration needs to be considered. The aminoglycosides and capreomycin penetrate in the setting
of meningeal inflammation, while ethambutol and
PAS demonstrate poor penetration.14
Surgery has been a useful adjunct to medical therapy of drug-resistant TB. Indications for resection
include high-level resistance (four or more drugs),
multiple relapses despite appropriate therapy, persistently positive sputum for AFB after four to six
months of therapy, and localized disease. Surgical
intervention is not feasible with extensive bilateral
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Monitoring
Monitoring of patients on therapy should occur
frequently (see Table 3), at least monthly while
receiving an injectable agent. Once therapy with

the injectable has been completed and the patient
is taking only oral medications, visits with the clinician may take place less frequently (every two to
three months).

Special Considerations
Pregnancy
Pregnancy is not a contraindication to treatment
of active TB; in fact, the severity of the illness
may threaten both the fetus and the mother, and
treatment is obligatory. Due to the severity of
adverse effects of certain antituberculous agents,
pregnancy tests should be conducted in all women
of childbearing age presenting with suspected TB,
and those not pregnant should strongly consider
birth control to avoid potentially severe teratogenic
effects. Providers should be aware of the interaction
of rifampin with oral contraceptives.14 DepoProvera injections can be provided during the
MDR/XDR-TB treatment course,13 but all women
should be counseled for condom use to prevent
against sexually transmitted infections and HIV. In
pregnant women with drug-resistant TB and limited
treatment options, the risk of teratogenicity must be
balanced with the possibility of disease progression
without treatment. Generally, aminoglycosides
(streptomycin, kanamycin) should be avoided in
pregnant patients due to ototoxicity and potential
deafness in the fetus. However, if an injectable is
needed, capreomycin may have less ototoxicity
and may be an alternative. Ethionamide generally
induces nausea and vomiting in pregnancy and has
been shown to be teratogenic in animal studies and
should be avoided in pregnancy if possible.13,14
For women who are breastfeeding, all tuberculous agents may be found in small concentrations
in breast milk. The effect of this in newborns
has not been well studied.14 While it is ideal for
mother and child to remain together, the child
may transiently need care from others if a mother
Prevention and Management of Tuberculosis
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disease, but may be utilized to improve chances of
survival by “debulking” a particularly burdensome
area of tuberculous disease. Ideal conditions for
surgical intervention include sputum conversion
on appropriate treatment, usually occurring with
eight months (median two months) of treatment.62,63
Some experts recommend a more aggressive surgical intervention earlier in the treatment course,
especially with more drug resistance, and providers
should be familiar with the local surgical expertise
for adjunctive treatment of drug-resistant TB.
Other assessments include serum albumin,
imaging with chest X-ray (CXR) or computerized
tomography (CT), pulmonary function tests (PFTs),
and blood gas (PaCO2 > 6 kPA generally precludes
surgery). Treatment outcomes with surgical interventions have not been rigorously studied, though
perioperative mortality rates of 3%–4% and cure
rates up to 90% have been reported in patients
with MDR-TB.60,62,64 Risk factors for treatment failure include the presence of cavities beyond the area
of surgical resection, low body mass index (BMI),
quinolone resistance, and primary resistance despite
no history of antituberculous therapy.62,63 After
resection, medical therapy should continue for
18–24 months.
Access to SLDs is essential and often problematic. To address this issue, the WHO Green Light
Committee was established in association with
the Global Fund to Fight AIDS, Tuberculosis and
Malaria and has made significant advances in the
past few years. As of the end of 2007, patients in
51 countries were approved for SLDs, and aggressive
plans for expansion were under way,14 but still only
some 30,000 patients had been approved for treatment, a small number in comparison to the need.

Table 3. Monitoring during Treatment for MDR/XDR-TB13,14
Evaluation

Frequency

Comments

Potassium, magnesium

At baseline and monthly
while receiving injectable

Electrolyte imbalance common with injectables,
particularly capreomycin

Creatinine

At baseline and monthly
while receiving injectable

Nephrotoxicity can occur with all injectables

TSH

At baseline and every
6 months while receiving
PAS, ETO/PTO

PAS, ETO/PTO can cause hypothyroidism

Liver enzymes

At baseline and every
2–3 months while receiving PZA or if other risks for
hepatitis are present

A small risk also exists from INH, RIF, EMB; alcohol
use potentiates risk, and patients should be counseled against use during TB treatment course

Glucose*

At baseline and every
6 months

Gatifloxacin associated with dysglycemia

HIV antibody

At baseline; repeat if risk
factors are present or if
clinically indicated

Initiate antiretroviral therapy after anti-TB therapy,
cotrimoxazole prophylaxis

Pregnancy test

At baseline; repeat if clinically indicated

Avoid streptomycin, kanamycin, ethionamide,
clofazimine if pregnant

Sputum smear/culture

At baseline and monthly
until smear conversion;
subsequently obtain smears
monthly and cultures
quarterly

Evaluate response to therapy; if not previously
obtained and smears still positive at 2 months,
pursue DST including second-line agents

Weight

At baseline and monthly

Measure response, particularly in smear-negative/
paucibacillary disease, and in children

EKG (QT prolongation)

With electrolyte
abnormalities

Risk of QT prolongation with gatifloxacin; risk of
arrhythmia with hypokalemia

CXR

At baseline and every
6 months or sooner if
deteriorating

Evaluate status of pulmonary disease, particularly
when considering surgical intervention

CXR = chest X-ray; EKG = electrocardiogram; EMB = ethambutol; ETO = ethionamide; INH = isoniazid;
PAS = para-aminosalicylic acid; PTO = prothionamide; PZA = pyrazinamide; RIF = rifampin; TSH = thyroid stimulating hormone
*Not in WHO or Partners in Health guidelines

is smear positive.13,14 Breastfeeding is encouraged
only once the mother has become smear negative. Mother-child interactions should take place
outdoors, where temperatures allow, or in well516

ventilated areas, or, if possible, an N95 respirator
should be worn. If resources exist, infant formula
may be provided until the mother completes
therapy.14
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Drug-resistant TB in children almost always
occurs as a result of primary transmission. It is
therefore imperative to identify the contacts and
potential exposures of the child when designing
a regimen. This is particularly true in children
in whom sputum cultures are less obtainable,
extrapulmonary disease is more frequent, and
culture-negative or paucibacillary disease is more
common. Despite this, every attempt to obtain
culture and DST should be made to avoid exposure to and toxicities of potentially unnecessary
medications. Detailed discussions are required
between clinicians and families when designing
a regimen, given the paucity of data on treatment
of drug-resistant TB in children.14 Dosing should
be calculated based on weight for all drugs. The
use of fluoroquinolones in children has been out
of favor, given concerns for hindering cartilage
development; however, some data exist for their
use in children with cystic fibrosis.13 The benefits
of using quinolones to treat drug-resistant TB
likely outweigh the risks. Ethionamide/protionamide, cycloserine, and PAS have been successfully used and tolerated in children.14 Weighing
to determine medication dosing and to measure
response to therapy is essential; all drug dosages
should be adjusted as weight increases.13

Outcomes
In studies of treatment of MDR-TB, success—as
defined by completion of an extended course of
therapy and/or cure—has been as high as 60%–
70%. In Latvia, using a DOTS-plus strategy, of
204 patients with MDR-TB, 62% achieved “cure,”
defined as those who completed treatment and
were culture negative for the last 12 months.50
However, less than 1% had HIV disease. Frequency
of cure decreased with history of previous treatment. Of those with new TB, 89% were cured. Of
those with a history of previous treatment for TB,

64% achieved cure, while those with previous treatment for MDR-TB had only a 43% cure rate.
In a retrospective review of 205 patients treated
for MDR-TB from 1994 to 1998 at a U.S. TB specialty center, 75% were reported to have long-term
success, while 12% died.59 A study of 48 XDR-TB
patients from Peru, all of whom were HIV uninfected, demonstrated cures in 60.4% of patients.
Death occurred in 22.9%, treatment failure in
10.4%, and default in 6.2%. Notably, therapy with
an injectable agent was continued for a median of
15.4 months.55 A recent study from South Korea in
HIV-uninfected patients demonstrated poor outcomes associated with XDR-TB.38 Of 43 patients
with XDR-TB, only 55% experienced treatment
success, while 14% died. Of note in this study,
approximately 40% of XDR-TB patients had only
two to three susceptible drugs and so received isoniazid and rifampin to complete a five-drug regimen.
XDR-TB patients also more frequently underwent
surgical intervention (48%). Independent risk factors for poor outcome included low albumin, and
borderline factors included underlying comorbidity and the presence of bilateral pulmonary
cavities.38
Coinfection with HIV is associated with significantly poorer outcome. Recently, 65 patients from
New York City with XDR-TB were reported; 24 of
65 had primary XDR-TB, while 41 had acquired
XDR-TB. Of these, 33.8% completed therapy. As
expected, mortality was highest in HIV-coinfected
patients; 75% of the HIV-coinfected patients died,
while only 30% of the non-HIV patients died during therapy.65
A study of TB patients in Tugela Ferry showed
6-month mortality rates among patients with nonMDR-TB of 32%, MDR-TB 69%, and XDR-TB
79%, while at 12 months mortality rates were 42%,
73%, and 85%, respectively.66 Notably, HIV serological status was not associated with survival (P=.21).
However, this likely reflected low power to detect a
Prevention and Management of Tuberculosis
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difference in the study, as almost all patients were
HIV infected. However, those who died had significantly lower CD4 lymphocyte counts than those
who survived (CD4 52 cells/mm3 vs. 109 cells/mm3,
P<0.01).66
At the King George V TB referral hospital in South Africa, 62 patients from throughout
KwaZulu-Natal province (including Tugela Ferry)
were treated for XDR-TB with regimens including amoxicillin-clavulanate, clarithromycin, and
clofazimine (although there is currently no clear
evidence of the effectiveness of these drugs against
TB), with a 52% survival rate at six months.59 It
should be noted, however, that the patient population at King George V Hospital may be biased
toward survival since many die before reaching this TB referral facility. Among the 51 out of
62 patients tested, 76% were HIV positive and
56% of these were being concurrently treated with
antiretrovirals. Five of 20 deaths were attributed
to medication effect, specifically hypokalemia secondary to capreomycin.59

Drug-Resistant TB and HIV/AIDS
The use of antiretroviral therapy (ART) in HIV
patients with TB improves survival from TB and
delays progression to AIDS. However, significant
drug interactions and adverse effects can occur
in coinfected patients, which threaten the treatment of both diseases. Best known are the interactions of rifampin with protease inhibitors and
non-nucleoside reverse transcriptase inhibitors (NNRTIs).58 Another interaction involves
didanosine (ddI), a common antiretroviral agent
in resource-limited settings, and fluoroquinolones.
Nonenteric-coated didanosine contains aluminum- and magnesium-based antacids and should
be given at least six hours prior to or two hours
after fluoroquinolone is administered.13
There are presently no data regarding antiretrovirals and second-line TB medications.
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Clarithromycin is being utilized in treating
XDR-TB and has interactions with the antiretroviral protease inhibitor atazanavir.67 Clarithromycin’s
metabolism is inhibited, causing an increase in the
area under the curve (AUC), requiring a 50% dose
reduction.
Coinfected patients are known to have a higher
rate of adverse reactions to both antituberculous
and antiretroviral medications.58 Patients with
drug-resistant TB and HIV need extensive social
support and economic relief, given their initial
isolation, the extended duration of therapy, the
higher frequency of adverse effects, the high risk
of treatment failure and death, and social stigma.
Staff must be trained and supported to ensure that
patients are treated humanely and not penalized
because of their illness. Social welfare benefits
and social support can assist in allaying the concerns patients have for their families, encourage
them to seek care earlier in the course of disease,68
and avert default.
Care of coinfected patients requires both coordination between HIV and TB clinicians and a new
structure for delivering care. Traditionally, services
for TB and HIV patients have been distinct, and
patients have faced the additional burden of receiving care in separate facilities. Collaboration of care
has been proposed for years to improve diagnosis, treatment, and outcomes for patients with
both TB and HIV disease, and has become part
of international strategy and planning to improve
clinical outcomes.69-74 Concerns have been raised
that integration of care will result in increased TB
transmission to vulnerable HIV-positive patients.
However, proper attention to infection-control
measures is absolutely necessary to minimize this
risk (see following section, “Prevention of MDRand XDR-TB”), and early diagnosis and treatment
in the setting of a comprehensive approach to
coinfected patients may justify the potential risk of
transmission.

From the ground up: Establishing a Framework for Success

The Stop TB and HIV departments of WHO developed an XDR-TB Task Force in late 2006 to review
the discovery of widespread XDR-TB and make
recommendations for action. The recommendations recognize the need for more than the DOTS
strategy and include improved laboratory capacity
(such as technologies to rapidly identify resistance
and to increase access to SLD testing), programmatic restructuring to reflect HIV/TB comanagement, increased advocacy to promote international
efforts, mobilization of resources, and research
and development for drug-resistant TB, as well as
increased attention to reducing the transmission of
drug-resistant TB.75 New antituberculous medications are critically needed and long overdue, but,
apart from fluoroquinolones, are unlikely to be
widely available within five years. Critical in the
prevention arena is the development and implementation of policies and practices designed to
reduce the transmission of drug-resistant TB in
both health-care and community settings.

Infection Control
Airborne infection control is a major and necessary
part of the management of MDR- and XDR-TB.
Despite this, insufficient attention has been paid to
this strategy. Policies and procedures to reduce the
aerosolization of infected airborne particles and to
reduce exposure to these are essential and have been
recommended76,77 but are infrequently implemented.
The recently described cluster of XDR-TB in South
Africa18 has been associated with nosocomial transmission and has raised awareness of the importance
of airborne infection control to reduce the spread of
both drug-susceptible and drug-resistant TB.
Airborne infection control can be organized
into three broad areas of policy and practice:
administrative, environmental, and personal.76,77
Administrative measures include the development and deployment of policies and protocols to

address infection control, staff education, increased
communication among hospital departments,
decreasing reliance on hospital care by decreasing
hospital admissions and reducing length of stay in
hospital, utilization of rapid laboratory diagnosis
of TB, rapid identification of drug resistance, and
strategies for the isolation of TB patients suspected
or proven to have drug-resistant TB. However, isolation of TB suspects and patients who are coughing and producing infectious aerosols is particularly difficult in most facilities in the developing
world, as most are characterized by large, open,
and overcrowded wards. Moving patients out of
the hospital and into the community for continuation of care has been proposed to decrease nosocomial transmission.53
Among environmental measures, increased
natural ventilation has been highlighted as an inexpensive and easy method to decrease transmission
in warm climates.78 Natural ventilation relies on air
flow through open windows and doors and may be
facilitated by ceiling fans, while mechanical ventilation is found more in developed nations and is usually based upon the creation of negative-pressure
facilities. Research on natural ventilation in Peru has
demonstrated that simply opening doors and windows significantly affects air exchange and the risk
of transmission from an infectious patient.78 These
studies, which used the quintessential model for
airborne infection transmission, the Wells Riley TB
equation model, showed that the transmission risk
in the hospital wards was 11% with all windows and
doors open, compared to 39% with mechanical ventilation. High-efficiency particulate (HEPA) filters
and ultraviolet light, considered mycobactericidal,
are other respiratory-pathogen-specific techniques
utilized in health-care facilities and laboratories to
reduce transmission. Isolation in smaller groups of
5 or 10 patients rather than large open wards has
also been proposed to decrease nosocomial spread
of TB.79
Prevention and Management of Tuberculosis
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Figure 2. Efficacy of infection-control measures in various combinations in reducing XDR-TB
transmission78
5 pt = isolating patients in groups of five patients; LOS = reducing average length of stay to 5 days; Mask = both staff N95 respirators and patient
masks, with adherence enforcement; MODS = Microscopic Observed Drug Susceptibility assay; VCT = voluntary counseling and testing for HIV in
admitted patients, with subsequent antiretroviral therapy for those who qualify; vent = improvements in natural ventilation
© Elsevier 2007

Personal transmission-reduction measures
include the use of protective equipment such as
respirator masks for staff and cough hygiene for
patients, both of which can be of utmost importance in reducing transmission to vulnerable
patients and particularly to health-care workers.
Within the spectrum of personal protection,
provider-initiated HIV testing and counseling of
patients is considered essential to identify susceptible patients, potentially isolate them on this basis,
and provide ART and cotrimoxazole.76,77
The issue of transmission to health-care workers is of particular importance and sensitivity
and requires special attention. The scarcity of
health-care workers in most resource-limited settings further complicates the provision of care
and treatment. In the Tugela Ferry cluster,18 two
staff members were among those who acquired
520

XDR-TB. Since 2005, eight health-care workers at
this rural provincial district hospital have died of
drug-resistant TB.80 Voluntary HIV counseling and
testing should be made freely available to healthcare workers and strongly encouraged; if individuals test positive, there should be opportunities for
reassignment to hospital units with less risk of
TB exposure.76 A recently proposed model suggests that this intervention alone would decrease
XDR-TB infections among health-care workers by
one-third.79 Another intervention for health-care
workers who are found to be HIV-positive is the
initiation of ART at higher CD4 lymphocyte counts
than those recommended by national guidelines.79
These strategies all make good sense and their
rapid institution is critical, but their affect on transmission risk reduction is difficult to document.
However, a recent study employing mathematical
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would actually serve to increase the number of cases
of XDR-TB by 3% over the next five years due to the
promotion of nosocomial spread.78 Strengthening of
outpatient and community-based care and reducing
reliance on prolonged inpatient care is a more satisfactory approach to this treatment issue.

Provision of ART
In the setting of coinfection with HIV and infection with, or risk for, drug-resistant TB, antiretrovirals are essential. Their use decreases viral loads,
increases CD4 counts, and potentially reduces
susceptibility to and improves survival in cases
of drug-resistant TB. It is imperative that all TB
patients undergo HIV testing and, if positive, initiate appropriate ART; this is particularly true in
endemic regions where TB may be transmitted
among HIV patients during encounters with the
health-care system. Despite a national policy for
testing all TB patients, the rates of testing have been
low in most countries.82 If CD4 counts are available, they may be utilized to decide when to initiate
therapy; however, when to start ART in relation to
antituberculous medications remains controversial.83 One strategy to improve survival is to offer
antiretrovirals earlier than national guidelines suggest80; however, studies are needed to confirm the
efficacy of this strategy.
Additionally, multiple studies have shown a
mortality benefit in coinfected patients by administering cotrimaxozole to prevent concurrent
Pneumocystis jirovecii infection as well as other
bacterial infections.83 Despite general awareness of
the benefit, this protective measure has not been
widely implemented.

Latent TB and Contact Tracing
In areas of low TB prevalence, all HIV patients
should undergo purified protein derivative (PPD)
testing. Although a high proportion may be anergic,
a positive test will allow for the treatment of latent
Prevention and Management of Tuberculosis
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modeling has provided strong support for their
effectiveness. This report estimates that 1,300 cases
of XDR-TB will occur from 2007 to 2012 in Tugela
Ferry in the absence of interventions to reduce
nosocomial transmission. Individual measures in
the administrative, environmental, and personal
categories all can reduce risk, but at a modest level.
However, by combining available airborne infection control strategies, a significant proportion
of anticipated cases (48%, or 625 cases) could be
averted (see Figure 2).79 The most effective combination of measures included use of respirator
masks by staff, reduction of hospital admission
and length of stay, increased natural ventilation,
rapid drug resistance testing, isolation of patients
into smaller groups of five, and inpatient and staff
HIV testing and provision of antiretrovirals.
With regard to the isolation of patients, there are
some who advocate for involuntary detention as a
means to control transmission.68 However, a careful
analysis of this issue, taking into account both individual human rights and public health concerns, does
not favor confinement as a major intervention. For
the vast majority of patients, involuntary detention
is not necessary. Most patients accept isolation and
long-term inpatient stays as a means of decreasing
transmission, monitoring side effects, and increasing overall chances of survival.81 Key to this approach
is education of the patient and the patient’s family
to improve cooperation and decrease defaulting.
Though confinement may be necessary for the occasional patient, in general this approach is unwarranted and only serves to stigmatize drug-resistant
TB at a time when clinicians hope that TB suspects
will seek care as early as possible. Indeed, a compassionate and humane approach should be required
for these patients, most of whom have primary infection and poor survival prospects.81 Furthermore, a
recent model of infection-control measures suggests
that involuntary detention as a sole intervention,
without the provision of adequate isolation facilities,

WHO Three I’s for HIV/TB: Intensified Case Finding, Infection
Control for TB, and Isoniazid Preventive Therapy
WHO HIV and TB Departments

G

lobally, WHO reported
around 700,000 TB cases among people
living with HIV in 2006. An estimated
230,000 people living with HIV will die as a
result of TB in 2008— roughly 630 people every
day—despite the fact that TB is curable. SubSaharan Africa is home to 85% of the people
living with TB and HIV, with a disproportionately heavy burden in some countries. South
Africa, for example, has 0.7% of the world’s
population but accounts for 28% of the world’s
HIV-positive TB cases and 33% of cases in the
African region.
The majority of TB cases are curable, but
drug-resistant TB has recently emerged as a
significant public health threat—particularly
for countries with a high HIV prevalence.
Both MDR- and XDR-TB have been identified in all regions of the world. Given the
underlying HIV epidemic, drug-resistant TB
could have a significant negative impact in
Africa and requires urgent action, including
an increased focus on preventing, diagnosing
and treating TB.
As resource-limited countries rapidly expand
their HIV/AIDS treatment and care programs,
important opportunities are emerging to better
deal with the dual scourge of HIV/TB coinfection. Both HIV and TB are treatable and preventable, yet despite this, TB remains a major
public health threat for people living with HIV.
Indeed, TB is the most frequent life-threatening
opportunistic disease, even in those receiving
ART, and shamefully it remains a leading cause
of death for people living with HIV.
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Key points to consider include:
• People living with HIV are at increased risk
of acquiring TB in the community or the
health-care setting—better infection control (IC) can reduce these risks.
•	Once infected with TB, HIV accelerates the
appearance of TB disease—this evolution
to disease can be greatly reduced by isoniazid preventive therapy (IPT), a simple,
safe, and cost-effective intervention.
• Any delay in diagnosing established TB disease and starting appropriate therapy can
lead to negative health outcomes including
death—intensified case finding (ICF) can
identify cases early and improve treatment outcomes.
Prevention and treatment of TB in people
living with HIV is an urgent priority for both
HIV/AIDS and TB programs. WHO therefore
recently reviewed policy and practice in these
three key domains, referred to as the “Three I’s
for HIV/TB”: IPT, ICF, and IC. These interventions are key public health strategies to decrease
the impact of TB on people living with HIV. In
April 2008, the WHO HIV/AIDS and Stop TB
Departments, in collaboration with other key
partners, convened a meeting of international
stakeholders to develop guidance for accelerating Three I’s implementation for people living
with HIV. Several conclusions and concrete
actions came out of this meeting, including:
• TB is a major public health threat for people
living with HIV and threatens the significant
gains made in recent years in HIV care and
ART scale-up.
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infection, if appropriate, and close monitoring for
active disease. For those primarily exposed to a
patient with known MDR- or XDR-TB and newly
diagnosed latent infection, there are few pharmacological options. Currently there are few data to
support chemoprophylaxis or treatment of latent
infection in contacts of patients with drug-resistant
TB.14 The best-studied regimens have been isoniazid
and rifampin, which will not be helpful in MDR- or
XDR-TB infection. WHO does not support the use
of SLDs for chemoprophylaxis of contacts, though
certain agencies have recommended the use of
pyrazinamide and either ethambutol or quinolone
for the contacts of patients with MDR-TB.84 One
small study of chemoprophylaxis in children who
are contacts of MDR-TB patients has demonstrated
benefit.85 Given the paucity of data, the potential
toxicities of first- and second-line drugs, and the

• There is an urgent need to strengthen the
Three I’s supply chain, particularly potential isoniazid/cotrimoxazole coformulations and/or copackaging.
• Advocacy “push” and “pull”—top-down
and bottom-up approaches will be necessary to ensure implementation progress.
Advocacy should focus on the importance
of the Three Is and the need to create community demand for TB screening, IPT and
IC as positive actions to fight TB.
• Monitoring and evaluation is critical to
monitor progress in scaling up the Three
I’s to people living with HIV and their
communities.
• Resource mobilization is essential for
success and political commitment and
resources for Three I’s implementation will
need to be mobilized.
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• The Three I’s should be a central part of
HIV care and treatment and are critical
for the continued success of ART scaleup. Everyone accessing services in a higher
HIV and TB prevalence area should be
screened for TB and either diagnosed with
TB or placed on IPT. Infection control is a
key part of the screening process.
• Implementation of the Three I’s should be
owned by HIV programs and seen as being
as indispensable as patient monitoring or
cotrimoxazole prophylaxis.
• There is an urgent need to strengthen public health laboratory capacity and referral
systems for the timely diagnosis of TB.
• People living with HIV, health-care workers, and the community have a right to a safe
clinical environment, which means immediate implementation of WHO-recommended
TB infection control measures.

possibility of infection with strains other than those
carried by the index patient, especially in endemic
areas, contacts of MDR and XDR TB patients currently should be monitored closely for development of TB disease for at least two years. In those
contacts with HIV infection, exposure to a person
with known MDR- or XDR-TB may be an impetus
to start ART. Knowing the TB drug susceptibilities
of the index case is critical, if this information is
available. If symptoms develop, a regimen for the
treatment of MDR-TB should be chosen.14

Surveillance of Drug Resistance
Laboratory capacity to improve the diagnosis of
active TB and TB drug resistance in individual
patients is essential, as discussed earlier in this
chapter. Resources in the form of both facilities and
human infrastructure are needed, though not likely
Prevention and Management of Tuberculosis
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to be available for all patients. Regardless, ensuring a system for the surveillance of drug resistance
is necessary to monitor trends in drug resistance
and permit more rapid deployment of resources,
particularly directed toward “hot spots” or sentinel events. Sturm et al17,86 have demonstrated that
increasing drug resistance in South Africa has been
building for years, but the absence of a proper surveillance system, adequately linked to local control
programs, has led to a dangerous, costly, and tragic
delay in the detection of XDR-TB. It is imperative
that drug-resistance surveillance measures, including SLD susceptibility testing, be widely implemented in national TB programs.

Conclusion: The Way Forward
MDR- and XDR-TB uncover past and current
neglect and deficiencies in TB knowledge, strategies, and programs, and illustrate the global nature
of TB drug resistance. Fueled by the weakness and
disruption of TB control programs and the explosive growth of HIV/AIDS, the presence of TB drug
resistance, particularly in MDR and XDR forms,
threatens the gains made in the past decades in the
treatment of both TB and HIV, including the historic roll-out of ART in resource-limited countries.
Challenges in epidemiological characterization,
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program development, and epidemic control strategies as well as in the prevention, diagnosis, and
treatment of individual patients are great.
Effective short-term and longer-term solutions
are critically needed to improve treatment completion and success and reduce the transmission of
drug resistance to populations at risk. Short-term
goals include dramatic increases in resources for
struggling TB control programs, more rapid drug
development and new drug testing, wider availability of existing and newer TB diagnostics and DST,
and improvements in infection-control measures in
health-care facilities and community settings. The
demonstration of effectiveness and rapid implementation of such strategies is essential. Within this
context, the protection of health-care workers is a
top priority. Community-based treatment in areas
of high TB and HIV prevalence needs further development, with a demonstration of effectiveness in
the setting of drug resistance and HIV/AIDS; trials to optimize treatment for MDR/XDR-TB87 and
universal access to ART are essential goals. Longerterm goals include the expansion of the TB therapeutic armamentarium, an effective TB-protective
vaccine, and, ultimately, elimination of the social
and economic conditions and disparities that breed
TB, HIV, and TB drug resistance.
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Expanding the Role of Nurses in TB
Prevention, Care, and Treatment
Tesfamicael Ghebrehiwet

T

he International Council of
Nurses (ICN) Code of Ethics for Nurses1
identifies four fundamental responsibilities
of the nurse: to promote health, to prevent illness,
to restore health, and to alleviate suffering. These
inherent nursing roles must be fostered to allow
effective and full functioning of the nursing workforce as it tackles the global TB pandemic. Nurses
and other professionals are challenged to deal with
the burden of TB-related disease and disability, and
with proper investment in their training and support they can become key partners in the global
fight against TB.
TB ranks third among infectious diseases as a
leading cause of death, suffering, and disability,2
and its global incidence is growing at approximately 0.4% per year, with faster increases in
sub-Saharan Africa and the former Soviet Union.3
Every year, there are an estimated 8.2 million new
TB cases worldwide (incidence rate of 136/100,000)
and 1.82 million deaths from TB, of which 226,000
(12%) are attributable to HIV.4 The increase of
multidrug-resistant TB (MDR-TB), and, more
recently, the emergence of extensively drugresistant TB (XDR-TB), poses additional challenges for global TB control.

The United Nations Millennium Development
Goal (MDG) for TB is to halt and begin to reverse
incidence of the disease by 2015. 5 The World
Health Organization (WHO) Stop TB department target is a 70% case detection rate with
successful treatment of 85% of those detected. 6
Nurses are critical if global initiatives such as TB
control programs are to be successful. There is
consensus, however, that health systems globally are facing a shortage of nurses in general
and TB nurses in particular, leading to fragile
health systems. With such a shortage, it is difficult to imagine how nursing services can contribute effectively to global Stop TB targets and the
TB-related MDGs. To add to these challenges,
nurses in many high-TB-burden countries are
restricted by nursing practice acts that limit their
scope of practice and restrict their clinical roles
and responsibilities.
TB nurses and other frontline health-care workers in a variety of health-care settings perform the
bulk of the work in TB care and control. However,
the lack of well-trained personnel and poor capacity at the management level are major constraints
in TB control and care. The absence of nursing representation in policy and strategic decision making
Prevention and Management of Tuberculosis
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is another constraint in enhancing the quality and
quantity of human resources for TB control, particularly in the high-TB-burden countries.
Despite these constraints, there is growing recognition of the crucial role played by nurses in
TB control and care. For example, nursing roles
in the WHO DOTS (directly observed therapy
short course) strategy cover the entire spectrum of
activities, including advocating for political commitment, case detection, administering and monitoring drug regimens, ensuring a regular supply
of medicines, and standardizing recording and
reporting systems.
Failure in any of these activities is likely to contribute to treatment failure and to the development
of drug resistance. Nurses working in primary
health-care settings are often the first to identify
and manage suspected TB cases; this early identification is essential to ensuring a high level of
case detection and is a cornerstone of TB control.
Strengthening initiatives should not just target
nurses working in specialist TB services, but the
generalist nurses as well. In the era of HIV/AIDS,
TB is often a coinfection, and overall nursing competence in detection, control, and care is crucial.
In addition, further competencies are required in
dealing with MDR- and XDR-TB.
The aim of this chapter is to set out the issues,
challenges, and strategies for scaling up the contribution of nursing to TB prevention, detection,
care, and treatment. The chapter will argue that
scaling up nursing roles in TB prevention, detection, care, and treatment, as well as involvement in
key policy and decision making, is the cornerstone
of effective national TB programs.

Refocusing Prevention, Detection,
Care, and Treatment

Continuum of Care

Enhancing Nursing Competence

Holistic and patient-centered care requires a continuum of seamless services that address patients’
needs based on the stage of the disease and the setting in which care is provided.

Nurses are responsible for educating and supporting patients with TB, detecting medication
side effects, educating and supporting patients
at home through follow-up clinics, and, where
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Too often, health systems focus on curative services
at the cost of prevention and care. Within these
systems, nurses are often hampered in their efforts
to align TB prevention, detection, care, and treatment into a continuum of care. This continuum
refers to a seamless approach to care with prevention of TB a top priority and early detection, care,
and treatment for people living with TB stretching
from the home to acute care and outpatient settings. The continuum of care should include access
to quality TB treatment, with adherence as a key
element of treatment success and prevention of
drug resistance. Care must be holistic and address
the psychosocial aspects and needs of TB patients
and their families.
Nurses are aware that treatment helps limit the
spread of TB, as people undergoing treatment are
less infectious. TB patients who are in contact with
nurses and other health professionals and who
are receiving follow-up care and treatment are
also more likely to take responsibility for adhering to a treatment regimen. Access to TB treatment
brings patients in contact with health facilities and
health-care providers and provides opportunities
for education on prevention and completion of the
full course of treatment to achieve a cure. In order
to ensure a continuum of care, nurses must play a
key role in lobbying to change distorted priorities
that focus only on treatment and neglect prevention and care. Nursing leadership and involvement
at the policy level is crucial for aligning the tenets
of TB prevention, detection, care, and treatment
into national TB programs.

From the ground up: Establishing a Framework for Success

countries. The ICN initiative aims to improve
nursing competence in TB prevention, detection,
care, and treatment. It has so far been implemented
in Malawi, the Philippines, Russia, South Africa,
and Swaziland, and more than 100 nurses have
successfully completed their training. Preliminary
follow-up data show that participants in the TOT
program introduce changes in their practice and
improve care outcomes. For example, nurses who
participated in the TOT program in Malawi have
reduced the turnaround time for sputum results
from two weeks to two days. Nurses in all participating countries have trained other health-care
workers, thus ensuring the sustainability and
impact of the program.
A win-win situation for nursing and for health
systems in general is to enhance nursing competence by integrating TB into the basic nursing curriculum and providing continuing education programs. Resources must be made available in order
to develop nursing competencies and allow nurses
to become accountable for their work across the
continuum of care.9 National nurses associations,
nursing regulatory bodies, and schools of nursing
are challenged to work closely with their national
TB programs to ensure continuous nursing competence and an expanded scope of practice in TB
prevention and care.

Highlights of Nursing Roles
in TB
Improving Adherence to TB Treatment
TB therapeutic regimens recommended by WHO
have been shown to be highly effective in both preventing and treating TB.10 However, poor adherence to anti-TB medication represents a major barrier to global TB control,11 with nonadherence to
treatment regimens being a persistent challenge to
nurses and other health professionals. Nurses are
aware of the consequences of nonadherence and
Prevention and Management of Tuberculosis
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appropriate, running telephone help lines. Nurses
are also responsible for screening those who have
been in close contact with patients with infectious
TB and perhaps running clinics for patients taking prophylactic TB treatment. Because of their
frontline presence in all health-care facilities and
their diversity of skills, nurses are the natural ally
in the fight against TB. However, nurses in many
countries lack adequate training in TB detection
and management. Nursing education programs
generally lack depth and breadth in their TB coverage, leaving graduates ill prepared to deal with the
complexities of the disease and its management.
Education systems often develop curricula that disregard national development plans or health needs,
thus failing to provide trained professionals with
the locally required skills.7
There is also a general lack of understanding among nurses of the guidelines and targets
of national TB programs, which can often lead to
inappropriate treatment and follow-up protocols.
Yet nurses working in primary health care are
often the only health professionals available for
TB prevention, detection, care, and treatment, and
a competent nursing workforce is crucial for the
success of TB programs. In addition, nurses’ scope
of practice tends to be restrictive and dependent
on their relationship to physicians. The lack of
adequate training in management of TB and limited scope of practice represent a missed opportunity in nursing’s ability to make a difference in the
fight against TB globally.
Training nurses in TB prevention and care at
the basic and more advanced levels is an effective way of improving competence and is much
needed. Evidence shows that educational outreach
has improved TB case detection by nurse practitioners working in South African primary care clinics.8 That is why ICN, in partnership with Eli Lilly,
is conducting TB and MDR-TB training-of-trainers (TOT) programs that target high-TB-burden

its high cost to the patient, the community, and the
health-care system. In addition, nurses are all too
familiar with the frustration of the treatment failures, poor health outcomes, and patient dissatisfaction that accompany nonadherence.
Nurses at different levels have the responsibility to shape a health system that provides quality
care and better treatment outcomes. The five major
barriers to adherence often cited12 are lack of awareness and knowledge about adherence, lack of clinical tools to help health professionals in evaluating
and “treating” adherence, lack of behavioral tools
to help patients develop or change their habits, lack
of appropriate provision of care for chronic conditions, and dysfunctional communication or relations between patients and health professionals.
ICN estimates that there are about 13 million
nurses worldwide. With proper understanding
of the dynamics of adherence, and techniques for
assessing and monitoring the problems of nonadherence, these millions of nurses can be a formidable force in improving adherence and care outcomes for TB patients. Nursing interventions to
scale up adherence must be based on innovative
approaches that involve nurse prescribing, patient
participation in self-care, and continuous assessment and monitoring of treatment regimens. Such
approaches should foster therapeutic partnerships
between patients and nurses that are respectful
of the beliefs and choices of the patients in determining when and how treatment regimens are to
be followed.
Because much of the treatment for TB takes
place in the home and community setting, nurses
provide a link to the formal health-care and support
system through home visits, telephone calls, and
other reminders that facilitate adherence. Through
sustained contact, nurses can form a therapeutic
alliance with patients and their families and provide
ongoing support for taking the recommended medications. Some techniques of monitoring adherence
534

include directly observed therapy (DOT), pill counting, thoughtful and nonjudgmental interviews, and
reviewing medication cabinets.13
Nursing strategies to improve adherence
include13
• assessing the extent of adherence using nonthreatening questions;
• asking about side effects of medication and the
effect on patients’ quality of life;
• educating patients on the illness, the importance
of adherence, how the treatment will help, and
possible side effects and how to deal with them;
• suggesting cues and reminders such as a detailed
schedule, integrating medication times with
daily habits, using medication boxes, and timers, alarms, beepers, and so on;
• rewarding and reinforcing adherence behavior,
such as through charts and graphics that show
the impact of medication on clinical markers of
disease (e.g., sputum conversion from positive
to negative, clinical improvement, weight gain);
• encouraging patients to cultivate therapeutic
relationships with health professionals; and
• talking with peer groups and family members.
Ensuring that TB treatment regimens are followed and administering medications and other
treatments are some of nurses’ key roles. Nurses
have diverse skills that must be tapped in improving adherence and care outcomes. Continuing education programs can improve the competence and
awareness of nurses and other health professionals
about the importance of adherence in achieving a
cure and preventing MDR- and XDR-TB.

Training and Supervision of DOT
Supporters
DOT, the approach recommended by WHO as an
integral part of the DOTS strategy, requires that an
observer watch the patient swallow his or her medicines.14 Success of TB treatment depends on regularly
following the prescribed treatment regimen. Nurses
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Task Shifting and Expanding the
Scope of Practice
Nursing’s role in improving access to TB treatment
must be based upon the realities at the front lines of
care. These realities require innovative approaches
that allow a broader scope for nurses, including
diagnostic and prescriptive roles. The public-health

approach to TB treatment should be based on simplified clinical decision making, standardized firstand second-line anti-TB regimens, a limited set of
laboratory and radiological options, and a limited
set of therapeutic options. Nurses can be equipped
to provide these services in most resourceconstrained clinical settings.
The delivery of effective and sustainable TB care
depends on a large number of well-trained healthcare personnel, and nurses are only one part of a
well-functioning health-care system. Experience
in many countries has shown that nonspecialist
doctors, clinical officers, and nurses can effectively
deliver HIV-related clinical services, including
antiretroviral therapy (ART).17 This experience
with HIV/AIDS can be transferred to TB care and
treatment. Through a public-health approach,
tasks such as basic diagnostics and prescribing can
be shifted from more specialized to less specialized
health-care workers (e.g., from specialized physicians to general physicians and/or clinical officers,
from physicians to nurses, and from nurses to nonnursing counselors).
Using the task-shifting approach, nurses can
manage a large proportion of TB cases at the primary health-care level, with the referral of complicated cases to more specialized levels of care.
In some settings, physicians may be reluctant to
task shift, especially if there is underemployment
or if doctors do not have experience in sharing certain tasks for greater efficiency and quality of care.
Nevertheless, task shifting is a critically important
strategy to ensure the success of the public-health
approach to TB care, detection, and treatment.
Effective clinical mentoring can be provided
through skilled on-site input from senior nurses
or TB specialist nurses. This input can be provided
through case consultation or case review, or consultation by phone, radio, or e-mail, and can support providers who are inexperienced in TB care in making
sound health-care decisions and appropriate referrals.
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have a major responsibility in ensuring that patients
complete TB treatment to improve cure rates. There
is evidence that achieving the WHO target of a 70%
case detection rate and successful treatment of 85%
of those detected depends on, among other things,
the presence of a committed frontline health workforce.15 These frontline health workers are generally
nurses with varying degrees of expertise in TB care.
The DOTS approach involves a comprehensive set of services delivered by a multidisciplinary
team. These services include setting clinic appointments that are suitable for the patient, assessing
voluntary DOT supporters, and reducing barriers
to adherence to treatment.9 For example, a South
African nurse who participated in the ICN TB/
MDR-TB TOT program in 2005 assists her community in adhering to TB treatment by raising
funds to support patients’ travel to health-care
facilities. A Philippine nurse who also participated
in the TOT program organized a DOT Club, composed of cured patients and treatment partners, to
act as peer educators for TB patients.
The DOT supporter can be a health worker or a
trained and supervised member of the community.
For example, in South Africa, local pharmacists and
shopkeepers are trained as DOT supporters, and in
Malawi, community volunteers are trained to be
guardians for TB patients.16 Nurses provide training
and supervision of DOT supporters, who then volunteer to perform direct observation. DOT supporters often use a log system to document the adherence of their patients, and this information is used
by nurses to monitor the success of the program.

While the concept of task shifting can be contentious,
the goal is to expand the scope of nursing practice
and to tap into nursing’s great potential to strengthen
TB prevention, detection, care, and treatment.

Strengthening Advocacy, Communication,
and Social Mobilization
Stemming the tide of the global TB pandemic will
require community and resource mobilization that
encompasses all sectors and professional organizations. One of the main barriers to TB care and
treatment is the lack of resources, including human
resources. Nurses are ideally placed to serve as
advocates for the mobilization of resources, in
order to influence policy changes and sustain political and financial commitment to TB programs.
Communication between nurses and people with
TB, as well as with communities, is vital in improving knowledge of TB control activities. Social
mobilization is crucial to galvanize support for the
campaign to stop TB.14
Increasing community involvement in TB projects, including DOTS, should be clearly placed on
the nursing agenda. Events such as World TB Day
can be used to further community sensitization
and mobilization. TB patients and those cured of
the disease must be involved in creating a positive environment for TB education and advocacy.
Using TB champions, such as iconic and respected
community members, is vital in raising the profile
of TB prevention and care and in the destigmatization of the disease. Communication with other
professional and community associations will create a collective ownership of the TB agenda and
help create a sustainable environment for infection
control and treatment support.

Measuring Outcomes
Outcome measurement is often a weakness of
health systems, due in part to a lack of accurate data or a lack of training in the use of data.
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Standardized recording and reporting systems are
an integral part of the DOTS strategy. Standardized
recording, including information on patient outcomes, is vital for monitoring such issues as treatment completion, default rates, treatment failure,
and cure rates at the facility level. Nurses in TB
care often cite a number of problems related to
standardized recording and reporting systems and
inconsistencies between different health facilities.
For example, nurses note that completion of TB
treatment does not equate with cure until this is
confirmed by clinical and laboratory tests, yet
some facilities confuse completion and cure rates,
which is misleading.
Establishing a reliable monitoring and evaluation system with regular communication
between the peripheral and central levels of the
health system is vital. Recording and reporting, while taking much of nurses’ valuable time
away from direct patient care, are nonetheless
essential for collecting the quality data needed to
measure outcomes of care and monitor programmatic success. Accurate recording and reporting are also vital in monitoring default rates and
in improving adherence to TB drug regimens.
Using benchmarks, nurses are able to monitor
the effectiveness and outcomes of TB programs.
The nursing process and the DOTS strategy provide systematic approaches to providing patientcentered care and to measuring outcomes of care.
Nurses need support in data entry and analysis to
be able to utilize the information they gather for
program review and quality improvement.

Challenges and Strategies in
Expanding the Nursing Role
A number of constraints challenge nurses’ ability
to provide quality services in TB care. Some of the
challenges arise from within the profession itself,
while others are external. Innovative approaches
are needed to tackle these challenges.
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Human resources are the most important input of
health programs and are essential to disease control. Developing human resources capacity, including nursing capacity, is the cornerstone of TB control and care. Key elements of human resources
capacity building for TB control and care must
be addressed at different levels (e.g., government,
institutional, and individual).
The major constraints to DOTS expansion
reported by national TB program managers from
the 22 high-burden countries were lack of qualified
staff at different levels, insufficient preparation for
decentralization, noncompliance of the private
sector with DOTS, inadequate health infrastructure, and weak political commitment.18 Inadequate
human resources ranks first among the top five
constraints to achieving global TB control targets
in 17 of the 22 high-burden countries. Reasons
cited for shortcomings in this area included lack of
skilled and/or motivated staff; inadequate distribution of staff; poor retention; deficiencies of staff at
the central level; inadequate planning, provision,
and technical support for staff at district or provincial levels following decentralization; and staff
with inadequate qualifications.18 Suggested strategies for increasing human resources are improving
productivity, quality, and motivation, given spare
capacity; mobilizing community resources and
nongovernmental organizations (NGOs); addressing migration issues in both sending and receiving countries; and increasing the stock of health
personnel.19
Nurse leaders must be aware that human
resources for TB control must be taken from
within the overall context of human resources
for health. It is important to position TB control
activities within the current health system functions while taking into consideration the social,
political, and economic environment. This will

facilitate identification of opportunities for collaboration with other programs (such as HIV/AIDS
programs) and of champions and decision makers for targeted advocacy. Advocacy is also needed
to change technical and donor agencies’ ideas and
policies regarding human resources and the processes involved. For example, an emergency program for human resources in Malawi supported by
donor agencies successfully implemented recruitment and retention strategies, including substantial increases in the salaries of nurses and other
health professionals. The approach appears to have
resulted in a reduction of the outflow of staff from
the public sector.20
WHO argues that health worker density, in
terms of numbers and quality, is positively associated with access to a package of essential health
interventions, including the scaling up of interventions for HIV/AIDS and TB.20 Current global
shortages of nurses and other health professionals are major challenges to TB programs and
other initiatives to improve population health.
For example, a nurse in a Malawi hospital works
a 12-hour shift and cares for up to 100 patients
with HIV/AIDS, TB, and other diseases by herself. 21 In order to fully implement the DOTS
strategy, health systems must deploy nurses
and other health professionals with appropriate competencies in appropriate numbers. This
strategy must consider the training and skills
requirements of various health professionals,
their working conditions, geographic distribution, performance monitoring and supervision, and the development of a career structure.
Overextended health systems and national TB
programs are reaching a breaking point due to
the acute shortages of nurses and other healthcare providers. Increasing the numbers and competence of health-care workers for TB control
programs must be seen within the perspective of
the broader health-care system.19
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Human Resource Planning and
Shortfalls

Training and Supervision
Training and supervision of nurses and other personnel are the key to the success of TB programs.
As the bulk of TB cases are likely to be first detected
by nurses, training in TB and in the elements of
the DOTS strategy is essential to the success of the
program. TB should be integrated into the nursing
curriculum, followed by hands-on clinical experience in TB centers.
Supportive supervision is also a critical component of capacity building in TB care. Regular
supervision and follow-up after training ensures
that nurses can implement the lessons learned during initial training sessions. Supportive supervision should focus on the conditions required for
proper functioning of the clinic and clinical care
team. Supportive supervision aims at improving the quality of TB care and treatment service
delivery through observation, discussion, direct
problem solving, mentoring, and learning from
the clinical and management situations observed.
These activities will help ensure that key requirements for TB care, therapy, and prevention, as well
as an appropriate process for case management,
are in place.
Nursing has a long history of using mentorship to transmit skills, knowledge, and attitudes.
Clinical mentorship is a system of practical training and consultation that fosters ongoing professional development to provide sustainable, highquality clinical care outcomes. Clinical nurses or
other mentors must be experienced, practicing
clinicians in their own right, with strong teaching
skills. Mentoring should be seen as part of the continuum of education required to create competent
nurses. Mentoring is an integral part of the continuing education process taking place at the facilities where health-care workers manage patients.
It should be based on principles of adult learning
and employ participatory approaches rather than
didactic lectures.14
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The way the clinic service is organized and
functions affects the ability of individual healthcare workers to implement clinical care protocols.
Ample opportunities exist during clinical mentoring to incorporate supportive supervision activities, including discussing issues such as patient
flow, workload, organization of care and treatment
services, triage, and recording and reporting practices. Clinical mentors must keep in mind that the
basic aim of mentoring is to promote a nurturing relationship with the learner and to improve
competency rather than to audit the clinical environment. Current dire staff shortages in many
countries often make it difficult to provide training, supervision, and mentorship, even for junior
nursing staff. Often there are only one or two staff
members in a facility, with little or no access to
continuing education. Expanding nurses’ roles will
require ongoing educational programs that utilize
supportive supervision and mentorship.

Nursing Involvement in Health Policy
The current health-care environment is characterized by economic constraints and increased
demand for health services, in terms of both quality
and quantity, including TB-related services. While
nurses are the backbone of TB programs globally,
they are absent from policymaking in many countries.22 The absence of nursing input in policy and
strategic decision making is a constraint to enhancing the quality and quantity of human resources for
TB control and care. The ICN Policy on Participation
of Nurses in Health Services Decision Making and
Policy Development affirms the following23:
Nurses have an important contribution to make
in health services planning and decision-making, and in development of appropriate and
effective health policy. They can and should
contribute to public policy pertaining to the
determinants of health. In addition, nurses

From the ground up: Establishing a Framework for Success

Because of their close interaction with patients
and their families in all settings, nurses help interpret people’s needs and expectations for health care.
They are involved in decision making at the clinical practice level as well as in management. They
use the results of research and trials to contribute
to decisions on quality and cost-effectiveness in
health-care delivery. They conduct nursing and
health research that contributes evidence to inform
policy development. Because nurses are often
coordinators of care provided by others, they contribute their knowledge and experience to strategic
planning and the efficient utilization of resources.
For these reasons, nursing must be represented at
the policy level in order to articulate a nursing perspective in the goals and strategies for TB control.
Nurses’ intimate knowledge of the reality
“in the trenches,” and their background in clinical care and management, makes them a vital
resource for enriching the policymaking process.
Capable and competent nurses with preparation
in management and leadership are suitable candidates for involvement in policymaking bodies.
One approach to promote such leadership is ICN’s
Leadership for Change (LFC) program, established
to develop nurses as effective leaders and managers in a constantly changing health environment.
The LFC methodology and key strategic goals are
designed to assist nurses at a country or organizational level to participate in health policy development and decision making.24
Nurses and professional nursing organizations
are well placed to use a number of strategies to
contribute to effective policy development,
including monitoring the utilization of nurses
in the workforce, incorporating new models and

management strategies, marketing a positive image
of nursing to key management and policy stakeholders, disseminating relevant knowledge and
research, and developing and maintaining appropriate networks to enable collaborative working
relationships with governmental and nongovernmental organizations.
Nursing’s continued absence from policymaking is a critical factor hampering the profession’s
contribution to effective TB control programs.

Logistics and Management Support
Nursing’s ability to maximize its contribution to
TB control and care is largely dependent on management and logistics support. The efforts to promote TB prevention, detection, care, and treatment
require that health-care providers, time, equipment, materials, and drugs be brought together
to achieve stated objectives. The implementation
of the DOTS strategy and the achievement of its
objectives depend upon the knowledge and skills of
health professionals using all necessary resources.
In many countries, and particularly high-TBburden countries, nurses face constraints in logistics and management support. Nurses too often
lack equipment, such as masks and gloves, to protect themselves and their patients from infections.
At times, inadequate stocks of anti-TB drugs result
in interruptions of treatment, putting patients at
risk of death or of developing drug-resistant TB.
Too often nurses do not have access to transport
services to conduct outreach services or to transport sputum specimens. The experience of a nurse
in Swaziland who participated in the ICN TB and
MDR-TB TOT project demonstrates these typical
challenges. The nurse shared her frustration at the
difficulty in getting sputum specimens to a nearby
laboratory. She indicated that the driver was refusing to carry specimens to the laboratory for fear
of becoming infected in the process. After trying a
number of approaches, the nurse decided to pack
Prevention and Management of Tuberculosis

539

prevention and management
of tuberculosis

are involved in strategic planning, budgeting,
efficient resource planning and utilization, and
the planning, management and evaluation of
programs and services.

the sputum, but she would not tell the driver what
was in the package. In this way, she was able to find
a short-term solution to the lack of logistics support, but the problem remains unresolved.
Often management and health professionals
lack regular communication and a forum to discuss problems and find solutions. This can often
lead to an “us versus them” perspective, with each
group seeing the other as the reason for the therapeutic failure. The answers to logistics and management challenges could be found if health professionals were fully involved in policymaking and
decision making.
In an effort to tackle the root causes of management issues, the ICN TB and MDR-TB TOT
project is linking with the International Hospital
Federation (IHF), which provides TB training for
managers of health facilities. The ICN/IHF joint
training plan aims to bring together nurses and
managers for back-to-back training that includes
discussions of issues of common concern to both
groups. In this way, nurses can openly discuss the
management and logistics problems hampering
their efforts, while managers can offer their perspectives and input. The ultimate goal is to find
solutions that will improve the quality and effectiveness of TB services.

Safe Work Environments
Nursing personnel comprise the majority of healthcare workers in most countries and have a frontline
caring role that brings them in close contact with
patients; this increases their potential risk of being
exposed to TB. Although the risk is relatively small,
it is often compounded by staff reductions and
shortages in the wake of health service restructuring, lack of basic personal protective equipment or
cleaning materials, and the rise in the number of
people with TB.25 In some instances, the growing
prevalence of MDR- and XDR-TB has heightened
the perception of occupational risk of exposure to
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TB. This possible increased risk must be addressed
in a timely manner with appropriate information, infection control guidelines, and protective
equipment.
Adherence to standard precautions and infection control guidelines is effective in the prevention of airborne infections. However, it is clear
that preventive measures are difficult to practice if
protective supplies such as masks and other equipment are in short supply, which is the case in many
high-TB-burden countries. Protection and occupational safety of nurses and other health professionals continues to be a neglected area.
Poor working conditions, where nurses are
overburdened with multiple tasks and heavy
patient loads, represent a major barrier preventing nurses from maximizing their contribution
to TB prevention, detection, care, and treatment.
Some anecdotal evidence even suggests that difficult working conditions and dissatisfaction
with the work environment are pushing nurses
to depletion, burnout, and migration. The few
health workers left behind take up the extra
workload to make up the staffing shortfall, and
it is difficult for nurses to provide high standards
of care under these difficult conditions. Unsafe
working conditions and heavy workloads due to
staff shortages compromise nursing effectiveness
and potential. Maximizing nurses’ contributions
requires management and logistics support to
create safe work environments and appropriate
staffing levels and workloads.

The Overlapping TB and
HIV PANdemics
HIV is fueling the TB pandemic in regions with a
high prevalence of HIV, and TB is one of the most
common causes of morbidity and mortality in
HIV-positive adults. In some high-burden countries, more than 70% of TB patients are coinfected
with HIV.26 Rose Dlamini, a nurse on the TB ward
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In Swaziland, HIV/AIDS and TB are joined at
the hip; it is natural that the same treatment
problems occur with both. It’s a challenge,
ensuring HIV-positive people stick to a regimen of antiretroviral treatment. If they fall off
treatment, it may not work for them any more.
It is the same with TB.
TB and HIV infection coexist in populations
worldwide, and HIV and TB programs need to collaborate to reduce the overall disease burden and
relieve suffering. The spread of the HIV pandemic
throughout sub-Saharan Africa in the past decades
has been accompanied by up to a fourfold increase
in the number of TB cases registered by national
TB programs.28
The incidence of TB is also increasing in other
high-HIV-prevalence countries, where populations
with HIV infection and TB overlap significantly.29
Persons with undiagnosed, untreated, and potentially contagious TB are often seen in HIV care settings. However, there are still very few TB services
that provide appropriate routine HIV counseling
and testing services. This suggests that TB control
and the DOTS strategy will not make much headway in HIV-prevalent settings unless HIV control
is also achieved.
In many settings, TB services are the best initial entry points for patients in immediate need of
antiretrovirals (ARVs). TB is a common, treatable
HIV-related disease and a leading killer of people
living with HIV. As a consequence of the overlapping nature of TB and HIV, there is a strong
need for close collaboration between AIDS and
TB programs. Implementation of the WHOrecommended DOTS strategy for TB control and
improving care for people with HIV and TB should
be an integral part of this collaboration.

A major constraint to scaling up initiatives to
combat TB and HIV is the shortage of nurses and
other health personnel who are skilled in treating
both diseases. For example, in order to roll out
ART nationally, Mozambique would need eight
health workers per 1,000 patients receiving treatment. Yet currently there are only 0.36 full-time
equivalent health workers per 1,000 people, making it difficult for Mozambique to tackle the HIV
epidemic without additional human resources.30

Two Diseases, One Patient: Synergy
between TB and HIV/AIDS Control
Programs to Deliver TB and HIV Activities
Nurses are challenged by fragmented and vertical approaches to national TB and AIDS control
programs that tend to have minimal collaboration. As frontline health-care providers, nurses are
often the first to see people living with the deadly
duo of TB and HIV. This represents a challenge for
nurses and others, but it also provides them with
an opportunity to bring to health service delivery
a synergy that is guided by the holistic principle
of two diseases, one patient. It is encouraging that
the expanded scope of the new strategy for TB control in high-HIV-prevalence populations includes
interventions against TB, such as TB case finding, treatment, and prevention, and interventions
against HIV, including condoms, sexually transmitted infection (STI) treatment, harm reduction
for intravenous drug users, and ARVs.31
Some of the TB/HIV interventions clearly
fall under the responsibility and expertise of the
national TB programs (such as DOTS expansion), while others fall under the responsibility
and expertise of the national AIDS programs
(such as prevention of mother-to-child transmission [PMTCT] of HIV, voluntary counseling
and testing [VCT] services, safe blood supply).
However, most activities overlap AIDS and TB
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at Raleigh Fitkin Memorial Hospital in Swaziland,
described the situation as follows27:

programs. These include31 increased community
involvement that benefits TB diagnosis and care
as well as HIV/AIDS care and prevention, and
isoniazid preventive therapy (IPT), a concern
both of TB services (which are likely to supply
and monitor the isoniazid) and of VCT / national
AIDS control program services (whose clients
will benefit).
Many potential synergies exist between HIV
and TB service providers at the service delivery
level. For example, TB patients often have a high
rate of STIs and would therefore benefit from STI
screening and treatment. Similarly, HIV-positive
VCT clients have a high rate of TB, therefore
benefiting from TB screening and treatment, and
TB patients have a high rate of HIV, therefore
benefiting from VCT and related services.31
The overlapping nature of the two diseases
demands that HIV prevention and care be a priority concern of TB programs, and that TB care and
prevention be a priority concern of national HIV/
AIDS control programs. This integration of care is
based on the “two diseases, one patient” approach.

Increasing Access to Voluntary HIV
Counseling and Testing and TB Testing
WHO and the Joint United Nations Program
on HIV/AIDS (UNAIDS) have proposed new
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guidelines on provider-initiated HIV counseling
and testing (PICT). As part of the PICT strategy,
health-care workers recommend HIV testing
to individuals visiting health-care facilities as a
standard component of routine medical care. 32
Encouraging and enabling populations to know
their HIV status should be a priority of all healthcare services, and HIV care programs in particular.
Similarly, nurses should be vigilant in detecting
the signs and symptoms of TB in all health-care
settings and take measures for early detection of
TB. Nurses, particularly those in high HIV and
TB burden settings, should consider adopting
PICT on a voluntary basis to detect TB. However,
nurses must caution against compulsory testing of
individuals suspected of TB and/or HIV.
As HIV and TB are both stigmatized conditions, stigma, lack of confidentiality, and lack of
treatment options can contribute to low uptake
of VCT or PICT. Encouraging and enabling
community members to know their HIV and TB
status can be facilitated by providing accessible,
acceptable, and confidential VCT as well as testing for TB. Educating communities and patients
to recognize the symptoms of TB and to seek
health care and further investigations should
be routine in settings providing care for HIVpositive individuals.

From the ground up: Establishing a Framework for Success

ICN Partnerships and Initiatives to Build Nursing
Capacity for TB/MDR-TB Prevention, Detection, Care,
and Treatment in High-Burden Countries
TB and MDR-TB. In addition, ICN developed
a training-of-trainers (TOT) program for
nurses in high-TB-burden countries in order
to mobilize, motivate, and equip them for TB
and MDR-TB prevention, detection, care, and
treatment. Through this initiative, ICN and
nurses on the ground can play a key role in the
global fight against TB.

prevention and management
of tuberculosis

T

he challenges nursing faces
as it seeks to play a leadership role in the
global fight against TB require a concerted approach and resource mobilization.
About three million nurses work or are registered in the 22 countries with the highest burden of TB. In most of these countries, nurses are
the primary health-care providers and often the
only source of TB care. Strengthening nurses’
role in TB care is vital to the success of national
TB programs and to the availability of adequate
and competent human resources for health care
in general and TB care in particular.19

Project Achievements to Date

Partnerships

The ICN TB/MDR-TB project has been implemented in a number of high-TB-burden countries, and a number of teaching and learning
resources have been developed. Achievements
to date include the following:

In recognition of the important role of nurses,
the International Council of Nurses (ICN) has
joined forces with other health-care professionals and Eli Lilly to tap the enormous potential
of the nursing workforce for the diagnosis, care,
treatment, and surveillance of TB and MDR-TB
(multidrug-resistant TB). ICN has also forged
partnerships with the International Red Cross
Federation (IRCF), Partners in Health (PIH),
the International Hospital Federation (IHF),
the World Medical Association (WMA), the
International Union Against Tuberculosis and
Lung Disease, the WHO Stop TB Partnership, the
U.S. Centers for Disease Control and Prevention
(CDC), the Norwegian Association of Heart and
Lung Diseases (LHL), the TB Survival Project,
and the Tropical Diseases Foundation.
Eli Lilly provided funding to support ICN
in developing guidelines for nurses in treating

Development of TB/MDR-TB
Learning Resources
TB Guidelines: ICN developed TB Guidelines for
Nurses in the Care and Control of Tuberculosis
and Multi-Drug Resistant Tuberculosis as a
practical tool for the generalist nurse. The guidelines address issues such as diagnosis, improving
adherence to anti-TB treatment, prevention of
drug resistance, and follow-up care. They include
evidence-based interventions and standards
for TB control and care. Currently, the guidelines are available in English and Russian. The
guidelines were revised in 2007 and will soon
be translated into Spanish, French, Chinese, and
Portuguese. The guidelines have been disseminated to all 129 ICN member associations, as
well as to many other organizations and individuals, and are included in the content of the
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ICN Mobile Library and the Nursing Library for
Refugee Health.
Training Package: Based on the TB guidelines, ICN developed a training package that
includes trainer and participant manuals for
the TOT program. The training package uses
the TOT approach and prepares participants to
train nurses and other health-care workers at
their health-care facilities. The training package
is currently available in English and Russian and
will be translated into Chinese and Portuguese.
Global TB/MDR-TB Resource Center: On
World TB day 2005, ICN launched a global
Web-based TB/MDR-TB Global Resource
Center, the first of its kind for nurses. The
center contains all ICN guidelines, fact sheets,
position statements, and additional learning
materials related to TB prevention and care,
as well as links to other resources. In addition,
the ICN TB Web site offers the opportunity
for users to exchange experiences in interactive forums. These public forums allow users
to discuss complex issues and ask questions
related to treatment regimens, side effects,
adherence, and care for TB patients.
CD-ROM: A CD-ROM with the ICN TB
guidelines and trainer and participant manuals was developed and disseminated. The CD is
currently available in English and Russian, as a
key resource to help TOT program participants
implement training in their health facilities.
Stigma Tool Kit: Stigma is a major barrier
in the fight against TB and to achieving quality
care and treatment adherence and completion.
To provide strategies and methods to reduce
stigma, ICN has developed a tool kit entitled
TB and Stigma: A Double Burden. The tool kit
was based on an extensive literature review and
was informed by the results of the ICN global
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survey on TB-related stigma and discrimination. The tool kit will be widely disseminated to
nurses and others.
Fact Sheets: ICN has developed the following fact sheets:
• TB in the Health Care Settings: Prevention
of Occupational Transmission
• TB and HIV/AIDS
• TB/MDR-TB Related Stigmatization and
Discrimination
Awareness Tool Kit on TB and MDR-TB in
the Workplace: In partnership with the Global
Health Initiative (GHI) of the World Economic
Forum, ICN has also been engaged in developing an awareness tool kit on TB/MDR-TB in
the workplace. The ICN fact sheets for nurses
on TB-related stigma and discrimination in the
workplace are being published as part of this
awareness-building tool kit.
ICN TB Advisory Group: The ICN TB/
MDR-TB Advisory Group was established in
2005 and comprises TB specialist nurses and
other experts from ICN partner organizations
and national nurses associations. The advisory
group provides peer review of ICN TB/MDRTB-related publications and training materials.
TOT Program
The interactive training program is designed
as a five-day workshop that addresses TB
epidemiology, prevention, diagnosis, therapy, adherence to treatment, care and nursing standards, and the DOTS strategy. In
addition, TB-related stigma, ethical aspects,
patient education, and counseling of family
and community members are addressed. The
training also introduces basic principles of
adult teaching/learning methods, leadership,
and supervision.

From the ground up: Establishing a Framework for Success

ICN/Lilly TB Award
To acknowledge the significance of nursing’s contribution and expertise in TB and
MDR-TB, ICN and Eli Lilly have teamed up
to offer an annual award that recognizes nursing excellence in TB/MDR-TB prevention,
care, and treatment. The ICN/Eli Lilly TB
Award gives recognition to a nurse or a group
of nurses who symbolize nursing excellence in
TB prevention, care, and treatment. In 2007,
the award was given to five outstanding nurses
in the countries where the TOT program has
been implemented: Malawi, the Philippines,
South Africa, Swaziland, and Russia.

Future Plans
• ICN is moving forward with plans to
develop an online learning course based
on the TB/MDR-TB training materials and
will award international continuing nursing education credits (ICNECs) to those
successfully completing the course.

• ICN plans to develop a framework of
competencies for generalist nurses in TB/
MDR-TB control and care. The competencies are intended to be sufficiently broad
to be applied globally, yet specific enough
to provide guidance for those countries
that have yet to develop competencies for
nurses in TB care and control.
• In many countries, the emergence of extensively drug-resistant TB (XDR-TB) poses a
serious threat to the population at large and
to health-care workers. ICN plans to respond
to the crisis by strengthening nursing capacity through information, education, and
training, as well as providing educational
resources and materials on XDR-TB, such
as fact sheets and briefings, which will also
be available via the online resource center
(http://www.icn.ch/tb/index.html).
• To track the implementation of the TOT
program and its intended outcomes, regular
monitoring and evaluation are being conducted. Each TOT program participant has
established an action plan outlining objectives, planned activities, resources, and a time
frame to achieve the goals. The monitoring
will determine the extent to which inputs,
work plans, other required actions, and targeted outcomes are proceeding according
to plan. The monitoring will continue to be
led by ICN in collaboration with the national
nurses association in each country.
• The TOT program will be rolled out to
other high-TB-burden countries in Africa,
Eastern Europe, and Asia in 2008 to 2010
and beyond.
For more information on the ICN TB/MDR-TB
project, visit http://www.icn.ch/tb/index.html.
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After the successful pilot TOT program in
South Africa and the Philippines in 2005, the
training was rolled out to Malawi, Swaziland,
and one region of Russia in 2006. The TOT
program is implemented in collaboration
with the national nurses association and the
national TB program in each country. Each
training participant is committed to train at
least 10 nurses and 10 allied health personnel.
The workshop participants record and report
ongoing training activities to the local project coordinator, who is responsible for regular
monitoring and evaluation in collaboration
with ICN. Currently, training activities are
taking place in all five countries.
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Building Laboratory Capacity
for Rapid Detection and Diagnosis
of Tuberculosis
Bereneice Madison

R

apid detection and diagnosis of
TB is a key public-health intervention in both
high- and low-resource settings throughout
the world. High TB prevalence rates and drug resistance among HIV-positive individuals are of particular concern in many resource-limited settings.
The capacity to rapidly detect and control the spread
of Mycobacterium tuberculosis (MTB) in these settings, as well as globally, is critically important. In
an effort to combat the global spread of TB and
drug resistance, the Stop TB Partnership, guided by
the World Health Organization (WHO) and many
other partnering organizations, has devised a strategy to strengthen TB programs in low- and middleincome countries. A key element of this strategy, as
outlined in the Global Plan to Stop TB, 2006-2015,
is to “introduce or scale up facilities and technical
capacity for mycobacterial culture services and drug
susceptibility testing, and the incorporation of new
diagnostic tools.”1
This chapter provides information on current
and developing technologies for TB diagnosis and
drug susceptibility testing with respect to infrastructure development and support experience in
resource-limited settings. To illustrate these principles, the experience of setting up a TB reference

laboratory in Zambia, a high-TB-burden, resourcelimited setting, is also discussed.
Laboratory examination of sputum by direct
acid-fast smear has been the most rapid and costeffective method to detect infectious cases of TB
in resource-limited settings for approximately
125 years. However, increasing HIV/TB coinfection rates and smear-negative TB case reports have
prompted the need for rapid and sensitive diagnostic
testing techniques to be performed in laboratories
where these services do not currently exist.2-4 Most
national TB laboratory facilities currently lack adequate infrastructure and human resources to provide a safe work environment for culture and drug
susceptibility testing. Therefore, TB programs must
expand and improve existing laboratory facilities,
implement new technologies, and empower laboratory technicians to sustain and effectively manage
diagnostic programs for the new demands of rapidly
expanding TB and HIV treatment efforts.

Detection of Acid-Fast Bacilli
Using Bright Field Microscopy
Bright field microscopy (BFM) has remained
the most cost-effective procedure for the screening of acid-fast bacilli (AFB) in sputum. It is an
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indispensable tool for rapid detection of infectious cases of presumed TB in high-TB-burden
settings. In resource-limited settings, it is common for suspected TB patients to seek medical
treatment during the advanced stages of disease,
when acid-fast organisms are in large numbers
and are detectable by direct BFM. However, AFB
in some patients coinfected with TB and HIV are
fewer in number and are therefore not as easily
detected as in most HIV-negative patients. This
difference has major implications for TB diagnosis
in those resource-limited settings where a majority of patients presenting are coinfected with TB
and HIV.5
Once AFB are detected, smear-positive cases
managed with six- to eight-month treatment regimens can be expected to convert to smear-negative cases after approximately two to three weeks,
assuming anti-TB therapy is successful. Thus, AFB
smears should be performed at diagnosis and at
two, five, and eight months for each TB case.6,7
The ability to document the absence of AFB in the
sputum smear, along with improvement of clinical symptoms, serves as a measure of response to
therapy.
BFM is labor intensive and tedious because of
the large number of TB cases and the number of
smears to be examined at 1,000× magnification.8-10
In most laboratories using BFM in resourcelimited settings, HIV care and treatment services are also performed by the same technicians.
Thus, high TB smear volumes, the amount of
time needed to confirm a negative smear, and
the performance of other HIV laboratory monitoring tests limit the amount of time that can
be devoted to smear microscopy. For example,
it is not uncommon for a laboratory technician
to perform as many as 60 to 100 smears per day,
especially in light of guidelines requiring at least
two specimens for diagnosis (more recent WHO
guidelines allow the use of one positive sputum
550

sample for the diagnosis of TB in HIV-infected
patients11).
BFM requires smear examination under oil
immersion at 1,000× magnification, and the time
recommended for examining and reporting a
negative smear is approximately five minutes on
100 fields.12-15 The quality of smear microscopy is
highly dependent on the technician’s level of expertise and diligence in spending the requisite time on
each smear. Smear microscopy can assist with disease control by identifying smear-positive patients
who are highly infectious, allowing for early treatment initiation and measures to prevent transmission.16 However, workload volumes and long smear
examination times, coupled with the low sensitivity
of diagnosing TB in HIV coinfected patients, have
highlighted the need for new, improved, and costeffective diagnostics in resource-limited settings.

Fluorochrome Smear
Microscopy
Fluorochrome microscopy (FM) has been used routinely in most TB laboratories in developed countries for at least 30 years.17 In low-TB-incidence settings, TB clinical specimens tend to have fewer AFB
because the patient seeks treatment in the early
stages of disease. In resource-limited settings, FM
is now being considered a feasible option to detect
lower numbers of AFB in the sputum samples of
HIV coinfected patients. Using FM, AFB in smears
are easily detected because of their typical morphological characteristics fluorescing on a black background when potassium permanganate is used as a
counterstain. A larger sample area of the smear is
viewed with FM, which uses either 200× or 400×
magnification. This represents an advantage over
BFM, which is viewed at 1,000× with oil immersion and has a smaller viewing field, thus requiring
a longer time for the examination of the recommended 100 fields (the number of fields recommended before a smear is reported as negative17).
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IUATLD/WHO scale

Quantifications at different magnifications

Result

BFM (1,000×)

FM (200×)

FM (400×)

Negative

Zero AFB/100 HPF

Zero AFB/100 F

Zero AFB/100 F

Actual

1–9 AFB/100 HPF

1–29 AFB/100 F

1–19 AFB/100 F

1+

10–99 AFB/100 HPF

30–299 AFB/100 F

20–199 AFB/100 F

2+

1–10 AFB/F

10–100 AFB/100 F

5–50 AFB/F

3+

>10 AFB/F

>100 AFB/F

>50 AFB/F

AFB = acid-fast bacilli; BFM = bright field microscopy; F = field; FM = fluorochrome microscopy; HPF = high power field;
IUATLD = International Union Against Tuberculosis and Lung Disease; WHO = World Health Organization
Source: Van Deun.18

Another advantage of FM is that smears may be
screened at 200× magnification and confirmed at
400× magnification, thus allowing the smear to
be read in less time because of the larger visual
field. Shorter reading times and sharper visualization give FM the potential to decrease turnaround
times for reporting AFB smear results compared
with basic fuchsin staining or BFM. A comparison
of AFB quantifications of bright field and fluorochrome microscopy is provided in Table 1.
(Note: Smears stained by FM methods can be
restained with Ziehl-Neelsen [ZN] staining if there is
a need to do so.17 However, restaining is not recommended except during implementation, when technicians are unsure of AFB morphology. Overstaining
of FM smears using ZN should not be performed for
rechecking quality assessment because of the difficulty in confirming small numbers of AFB using the
ZN method with the less sensitive BFM.)
In an early publication by Smithwick, calculation of the theoretical difference in time required
to read an acid-fast negative smear by FM and
BFM was reported to be less than 2 minutes using
FM and approximately 15 minutes each for BFM.19
Based on those estimates, the time required for
a 50-smear workload would be approximately

1 hour and 28 minutes for FM and 12 hours and
42 minutes using BFM. Although it is unlikely that
technicians would devote more than 12 hours to
reading 50 smears given several other competing
priorities, the potential for increased laboratory
capacity realized by using FM rather than BFM is
clear. During implementation of FM, it has been
helpful to have technologists prepare two smears
from a set of sputum samples and stain sets, one
with BFM and the other with FM; the technologist
should read the smears blinded. This technique
allows the trainer to monitor the training process
while the technologist can see that FM is faster and
more sensitive than BFM for detection of AFB.
While FM can provide increased accuracy
in detection of low numbers of organisms in TB
specimens as well as enhanced workload capacity, additional factors need to be considered for
its use in resource-limited settings, including the
high cost of equipment. For instance, upgrading
a regular light microscope to a fluorescent microscope can cost approximately US$3,000, whereas
a new conventional fluorescent microscope may
cost up to US$13,000. Mercury vapor replacement
bulbs for FM cost roughly US$150 and last a few
hundred hours, whereas microscopes equipped
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Table 1. Comparison of AFB Quantifications of Bright Field and Fluorochrome Microscopy

with light-emitting diode (LED) light sources have
the potential to last for 20 years. These novel FM
(LED) light sources are currently being field tested
in resource-limited settings. Conventional fluorescent microscopes also require a dark room for
smear examination. Ideally, an air conditioner is
needed to reduce the amount of heat accumulating during microscope use. Timing is also critical because acid-fast organisms lose fluorescence
intensity; smears must be read within 24 hours
after staining and protected from exposure to light.
Additionally, the correct fluorescence filter system
must be in place during smear examination.17, 19-21
In general, proper training and monitoring should
be provided to ensure technical competence.
When implementing FM, it is recommended
that equipment procurement and maintenance be
standardized at the national level. Selection and
standardization of FM microscopes in the TB laboratory network has many advantages, including (1)
an expected cost savings for purchasing in volume
quantities from the same vendor or manufacturer;
(2) standardization of training materials; (3) transferable consumables, such as microscope bulbs and
other parts; and (4) potential for standardized preventive maintenance and negotiated microscope
service and repair from a common manufacturer.

Smear Microscopy
Quality Control
Routine quality control on each batch of staining
reagents should be performed using a negative
control and low-quantification smears of 1+ or
2+ of MTB as a positive control. Positive patient
smears containing cellular debris and mucous are
best for positive controls, which should be prepared in large batches, fixed, and stored for use.
Ideally, for maximum quality control, a regional or
national TB laboratory should prepare AFB control smears and staining reagents. Staining reagents
can be prepared in batches, stored in brown bottles
552

away from sunlight, and distributed to local laboratories. Local laboratories should still perform
daily positive and negative controls and document
the results. To detect potential environmental contamination of rinse water and reagents, negative
controls should be carefully examined each time
staining is performed.17, 19-21
False-positive and false-negative results, major
concerns with FM, can in contrast be minimized
with BFM by thorough training of microscopy
technicians, good laboratory practices, and clean
water (free of environmental AFB) for rinsing
and reagent preparation. A Millipore filter container system to remove environmental AFB from
reagent and rinse water is highly recommended.
Laboratories may not have vacuum lines, but an
electrical vacuum pump can be used to prepare
sufficient quantities of bacteria-free water.
The importance of monitoring smear micro
scopy results for quality cannot be overemphasized,
regardless of the technique being used. Aside from
poor microscope quality, most errors in TB microscopy have been observed to result from deficiencies in quantifying AFB based on the interpretation
charts. Errors in microscopy quantification generally indicate that technicians need closer supervision during practical training sessions and guidance in interpreting the number of AFB reported in
each microscopic field. As previously mentioned,
restaining FM smears with ZN is counterproductive for at least two reasons: (1) no time is saved in
the effort to confirm a positive smear (this practice
also does not take into consideration undetected
negative smears) and (2) when attempting to confirm an actual count or small numbers of AFB (1-9
per 100 fields) by the ZN method, smears are often
reported as negative because such low quantities
are usually not detected by this less sensitive and
time-consuming procedure.
Collecting the best sputum specimens is critical
for detecting AFB in smears. Methods are similar in

From the ground up: Establishing a Framework for Success

provincial laboratories are equipped with FM capacity. Implementation of FM is now a more feasible
consideration because of the possibility of using LED
scopes, which are less expensive and do not require
dark rooms for examination.

Implementing an External
Quality Assessment Program
Beyond internal quality control, which each laboratory site should perform, the national laboratory
network needs to conduct external quality assessment (EQA) in one of three ways: on-site evaluation, blinded rechecking, or panel testing.22,23 On-site
evaluation or supervision requires the least amount
of resource investment and should be conscientiously
performed to achieve optimal quality. On-site evaluation can include nominal amounts of panel testing and/or rechecking in various laboratory sites as
needed to further improve the laboratory network.
Any EQA must be performed by a clinical staff member with experience in AFB smear microscopy to
ensure that the best quality is achieved. The national
program should designate an EQA manager. Basic
considerations for implementing each method are
described briefly in Table 2.
The national TB laboratory rechecking program
should include realistic performance goals and provide useful and rapid feedback to the network laboratories. The number and types of microscopic
errors deemed unacceptable should be determined
along with plans for corrective actions and continuous motivation for good performance. Rechecking of
AFB smears based on blinded rechecking of a random
statistical sample of patient smears has been implemented in Mexico24 and Zambia.25 Implementing
rechecking throughout the network at one time is
usually not possible to manage because of constraints
in human resources, finances, and organization. One
or more areas of the network can be evaluated during the year, with efforts focusing on where problems
may exist.
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most standard operating procedure manuals, such as
those of WHO and the International Union Against
Tuberculosis and Lung Disease (IUATLD).18 (See
“Patient Instructions for Sputum Collection” in the
chapter by Reid et al in this publication for more
information.) However, some HIV-infected patients
do not provide a large volume of sample, and the
quality of the sample may appear to be suboptimal
(i.e., watery and saliva-like). Such specimens should
not be discarded based on appearance or the number
of white cells seen on smears. On the contrary, the
samples should be carefully examined for AFB. Often
numerous AFB are seen in the sparse background on
the stained smear. The thin smear background with
little or no cellular debris is possibly responsible for
many smears being reported as negative. The technologist or microscopist working in this era of TB/
HIV coinfection will need to adjust expectations,
contrary to the descriptions of quality sputum specimens found in textbooks from the era before the high
prevalence of HIV and TB.
Quality assurance measures for sputum specimen collection include the use of proper national TB
program-quality containers with screw caps for safety
and leakproof transport, proper labeling of the collection and transport container, use of a standard requisition/report form, and ensuring that the specimen
arrives promptly in the testing laboratory. The turnaround time for AFB smear results should be 24 hours
or less to ensure that clinicians receive information
promptly to aid diagnosis. Several papers have been
published describing concentration methods with
bleach to enhance detection of AFB. In general,
that procedure has been shown in some studies to
enhance AFB detection, but issues regarding optimal
turnaround time and extended steps in specimen
processing are of concern. Smear-negative specimens
from suspects or follow-up treatment cases with clinical symptoms of TB examined by BFM should be
considered for referral to a higher laboratory level for
examination by FM. For example, in Zambia, several

Table 2. External Quality Assessment Methods
Method

Purpose

Recommendations

Other considerations

On-site
evaluation

Determine if smear reading and result reporting
are performed according
to standard operating
procedures

Implement this method first

Evaluations should be performed at least once a year in
each laboratory and more frequently when there is high staff
turnover

Provide feedback, corrective action, and support
for problems detected
Determine available
supplies and operating
equipment

Develop a national action plan
and national customized checklist
Determine available human and
financial resources
Schedule visits with each
laboratory
Base frequency of visits on number of laboratories in network and
resources
One or two on-site supervisors
are needed in large national
networks
Provide feedback on blinded
rechecking results

Blinded
rechecking

Provide a measure of
routine work performed
within a laboratory

Blinded rechecking is the second
most important to implement
after on-site evaluation

May motivate and
improve laboratory performance by providing
rapid feedback

Perform in regions of the network
at different times rather than
attempting to implement in the
entire network at once
Random selection of smears
should take place according to
national standard procedure
Blinded reading and data management are critical to program
quality

Evaluations should be performed when problems are
detected by rechecking or when
on-site training is needed
Integrate with smear collection
for blinded rechecking or perform panel testing as needed
Using the same on-site supervisors is best for labs and maintains consistency
Collect smears as part of on-site
evaluation
Adequate supply of slide boxes
for smear storage is critical
Excellent organizational skills
are required
Assess human, financial, and
data management resources
FM rechecking is performed
by restaining but not by ZN
method

Trainings on smear storage
procedures are necessary
Panel
testing

Determine competency
in staining techniques,
reading, and result
reporting
Identify faulty equipment
Investigate excessive
errors in rechecking
programs and provide
training and corrective
actions

Adopt a standard for the network,
and then modify as needed
All TB laboratory staff should
demonstrate panel-testing
national competency
Optimal panel testing includes
standardized stained and
unstained smears
Use as a pretest and posttest in
evaluating training activities

Source: Adapted from Association of Public Health Laboratories et al.22
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Preparation is time consuming
Panel testing is not required
on an annual basis unless
indicated
Testing is best performed onsite and under the supervision
of the on-site evaluator
This method does not measure
routine lab performance

Liquid culture and drug susceptibility testing have
been in place in developed countries for many
years. Because of the increasing number of smearnegative cases and the potential for multidrugresistant (MDR) and extensively drug-resistant
(XDR) strains of TB among people living with HIV,
the need to implement these methods in developing countries is rapidly increasing. Until recently,
the use of TB culture in developing countries was
generally limited to surveillance studies and treatment failure cases. Now the need for earlier detection of TB in smear-negative cases and for drug
resistance testing is prompting many national TB
programs to expand laboratory capacity for liquid
culture and rapid first-line drug resistance testing.
Historically, the only culture method considered feasible and cost-effective for use in resourcelimited settings was conventional culture using
in-house preparation of Lowenstein-Jensen solid
media. However, using Lowenstein-Jensen media
without liquid culture is slow and inadequate for
early diagnosis and drug resistance testing. For
instance, a rapid liquid culture system, coupled
with a rapid TB identification system, can provide TB culture and drug susceptibility test results
within 30 days after the sputum specimen has
been received by the laboratory, compared to two
to three months using Lowenstein-Jensen methodology.26 But this increased efficiency comes at
a cost.27-29 Setting up a TB laboratory facility for
performing culture can cost up to US$200,000 or
more, depending on the volume of cultures to be
performed and the geographical region (based on
author’s experience).
Necessary equipment includes refrigerated
safety-capped centrifuges, class II biosafety cabinets, and automated generators to maintain a
constant power supply in areas where the supply of electrical power is erratic. A one-pass air-

handling system or negative-pressure room for
specimen and culture manipulation should also
be available.30,31 It is important to keep in mind
that biosafety cabinets in high-volume work
areas in windy or dusty climates require certified biannual validation. TB laboratory technologists should be trained in the proper use of the
biosafety cabinet and specimen handling during
culture processing and other sample manipulations for safety and infection control. Training
for these procedures may be obtained from international consultants or by having technologists
work in a supranational laboratory for a time,
followed by periodic on-site visits and consultant support. A certified biosafety engineer should
ensure proper functioning of the cabinets on a
periodic basis for the protection of laboratory
staff during sample and culture manipulations.
Such services are expensive because of the limited
number of certified engineers in resource-limited
settings. To reduce costs, all safety-cabinet validations within the country should be coordinated
on a schedule, so that they can be serviced during
one trip and costs can be shared among the laboratories whenever possible.
Support for acquisition and setup of rapid TB
culture systems, either automated (Mycobacterial
Growth Indicator Tube [MGIT] 960) or manual
(Becton Dickinson), can be easily obtained from
the vendors.32-34 National standardization of the
equipment selected can be beneficial in terms of
streamlining reagent acquisition, training, maintenance, and selection of manufacturers or vendors. Equipment that has been shown to function
well in high-resource settings may be considered
for use in resource-limited settings, but the local
and technical environments, which may differ
from those for which the equipment was designed,
should also be considered and appropriate accommodations made. Some differences for consideration include laboratory technicians’ limited
Prevention and Management of Tuberculosis

555

prevention and management
of tuberculosis

TB Culture, Identification, and
Drug Susceptibility Testing

computer skills, climate differences, availability
of reagents and supplies, time to acquire supplies
and equipment, availability of air-cooling systems,
reliable electrical supply at the facility, water quality, stability of power, disease prevalence, and the
ability of the TB/HIV program to sustain the technique without significant donor and consultant
support should it diminish in the future.
Any national TB culture laboratory should
enroll in an EQA program with a supranational laboratory such as the National Health Laboratory in
South Africa, or with a proficiency testing program
such as the U.S. Centers for Disease Control and
Prevention (CDC) Model Performance Evaluation
Program for MTB drug susceptibility testing.

TB Identification Methods
Once mycobacterial cultures show indication
of growth, whether on conventional or liquid
media, the presence of AFB should be confirmed
as quickly as possible with presumptive identification of MTB, then drug resistance testing procedures should be started. In high-TB-burden
countries, AFB detected in these cultures are
presumed to be MTB. However, rapid identification should be done to avoid reporting nontuberculosis mycobacteria as drug-resistant MTB,
which requires different therapy.35 Identification
can be performed using one of several methods,
including serpentine cording observed on AFB
smear microscopy or growth on media containing
paranitrobenzoic acid. Other common methods
include conventional biochemical tests for MTB
(e.g., niacin, nitrate, catalase testing at 68°C).
Conventional biochemical methods, such as niacin, nitrate, and catalase testing, work well on
Lowenstein-Jensen cultures but are not ideal for
use with rapid liquid culture methods because they
require further growth on solid media; in other
words, these methods negate the speed advantage
of the rapid culture method. When rapid liquid
556

culture methods are used, identification using
AccuProbe (Gen-Probe) or another rapid identification method should be implemented, such as
the Capilia assay, which is under investigation and
detects the secreted protein MPB64 from MTB
with the complementary monoclonal antibody.36
With methods such as AccuProbe or Capilia, the
culture can be confirmed as MTB the same (or
following) day the culture growth is determined
to be acid fast.
The AccuProbe system has been available for
several years, and though it may be considered
expensive for resource-limited settings, it has the
capacity to identify isolates from both liquid and
solid culture media. The total number of tests to
be performed annually should be considered by
the national program when considering options
for the purchase of reagents as well as equipment,
service, and training. Other species that can be
identified by the AccuProbe method in addition to
MTB complex include M. avium intracellulare, M.
kansasii, and M. gordonae. Laboratories with limited resources may acquire probes for MTB complex only or also include M. avium intracellulare,
since these are the most common pathogens found
in TB/HIV coinfected patients. The AccuProbe
method uses small, tabletop items such as a luminometer reader, ultrasonic water bath, and microfuge, which reference laboratories should be able
to provide. The combination of a rapid culture
method and AccuProbe, Capilia, or other rapid
identification tool allows the laboratory to provide
identification and drug resistance testing within a
week to 10 days of initial culture growth.
Other rapid methods for detection of MTB can
be performed directly from respiratory specimens,
such as the Amplified Mycobacterium tuberculosis
Direct (AMTD) test (Gen-Probe) and Genotype
MTBDR plus (Hain Life-science) for detection of
MTB complex and resistance to rifampicin and/
or isoniazid from culture samples or pulmonary
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Drug Resistance Testing
Efforts to rapidly detect MDR- and XDR-TB are
of vital importance globally. Although molecular
methods are used to detect drug-resistant genes,
rapid liquid drug resistance culture confirmation
is still required because of numerous genetic and
phenotypic drug resistance mechanisms for antiTB drugs. Molecular tests to detect drug resistance
are being evaluated in both high- and low-resource
settings. New developments in this area are of critical importance for the care of TB and HIV in coinfected populations.
Drug resistance testing should be performed
as soon as mycobacteria are identified, because
cultures are typically performed for patients that
appear to be failing treatment.44 TB culture is
not recommended for decentralization within
the laboratory network, and only a few laboratories should have the capacity to perform culture
and drug resistance testing; however, test results
should be turned around in the shortest time possible to interrupt the spread of TB generally and
drug-resistant strains in particular.
Performing drug resistance testing requires
meticulous technique in weighing drugs, pipetting,
interpreting results, and managing quality control
strains. For instance, resistance testing for some
anti-TB drugs, such as ethambutol and streptomycin, is less reproducible than for other drugs,
such as isoniazid and rifampicin.45 Rapid culture
identification and drug susceptibility testing has
been reported using early morphology cording of
TB. Microscopic observation of drug susceptibility assays of MTB, indicated by cord formation, is
an inexpensive method proposed for drug resistance testing. This method is performed using liquid media in a microtiter plate format and read
on an inverted microscope.46-49 (Note: Although this
method is not as labor intensive as other culture
techniques, strict biocontainment is required since
liquid media are used.)
Prevention and Management of Tuberculosis
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smear-positive patient material. The Genotype
MTBDR plus test is based on polymerase chain reaction (PCR) and reverse hybridization (line probe)
and is under review to determine its performance
in resource-limited settings.37 The AMTD test uses
the chemiluminescent reader from the AccuProbe
system with an amplification step. This method is
approved for use with smear-positive and smearnegative respiratory specimens.38 The best use for
the AMTD test is for the identification of TB in
smear-positive clinical specimens, and from the
sediment of positive broth cultures demonstrating
cellular morphology consistent with TB morphology, such as cording. AMTD tests are costly and
may be technically challenging in most limitedresource TB laboratories; thus, they should only
be used in laboratories that have PCR expertise to
avoid contamination and similar potential amplification issues.39 A number of direct specimen
methods have been supported for investigation by
the Foundation for Innovative New Diagnostics
(FIND) for the direct detection of MTB in several
specimen sources.40 These ventures are exploring
rapid detection protocols, ranging from smear
microscopy and rapid culture to serological and
molecular technologies, which will be appropriate for implementation in resource-limited settings. Nonculture methods, such as reverse dot
blot hybridization and blood sample tests such as
ELISPOT, QuantiFERON-TB Gold (Cellestis), and
T-Spot.TB (Oxford Immunotech) are also being
investigated for use in determining the presence
of TB infection.41-43 These tests detect infection
with MTB complex but do not distinguish between
latent and active infection. Additionally, they are
expensive and require blood collection rather than
a skin test, making them potentially impractical for
use in some resource-limited settings. The logistics
and testing algorithms for implementation of these
tests in high-TB-burden public-sector settings are
under development.

Conclusion
Success in the TB laboratory program is tied to
the support provided by the Global Fund to
Fight AIDS, Tuberculosis and Malaria; the U.S.
President’s Emergency Fund for AIDS Relief
(PEPFAR)50; and other partners and donors, with
leadership coordination by the national TB program. The renovation of the national laboratory
and new regional facilities can provide capacity for
culture and drug resistance testing. TB culture is
primarily used when a patient appears to be failing
treatment or for drug resistance surveys. The burden of smear-negative TB cases among people living with HIV has increased the need for more culture capacity in high-TB-burden settings. While
solid culture may appear to be cost-effective, factors such as result turnaround time and national
TB control benefits must be given serious consideration in light of the potential for the global
spread of MDR- and XDR-TB strains. Effective
use of rapid liquid culture coupled with a rapid
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TB identification system can reduce TB culture
and drug resistance testing turnaround times and
has the potential to make a significant impact on
diagnosis and detection of drug resistance, while
improving overall outcomes of TB/HIV care and
treatment programs.
The laboratory plays an important role in providing test results for early diagnosis, TB control,
and management decisions at regional, national,
and global levels. There are many challenges inherent in establishing a sustainable TB reference
laboratory program in low-resource, high-TBburden settings. However, these challenges can be
overcome with planning, technical expertise and
support, and adequate resources. Although TB
remains a significant global threat, this ancient disease will be controlled and eventually eliminated
through strong and effective partnerships supporting rapid TB diagnostics, laboratory program
infrastructure, and sustainable human resource
capacity development.
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Expansion of TB Reference Laboratory Capacity in Zambia

Development of Containment Facility
Plans for New and Existing TB
Laboratory Facilities
Most containment facility drawings for TB
culture facilities were created 10 to 30 years

ago. These plans typically included laboratory
workbenches positioned in front of windows,
a few sinks for staining and hand washing, a
limited number of electrical outlets, and walkin incubators using space heaters and fans
(uneven heating environments that did not
provide optimal growth conditions for TB cultures). Laboratory space in the National Chest
Diseases Reference Laboratory was adequate,
but adjustments included adding two class II
biosafety cabinets for a safe work environment.
A temperature-controlled culture room for
two BACTEC MGIT 960 TB culture systems
was established. The walk-in incubator room
was renovated for storage of four floor model
incubators. A temperature-resistant film was
placed on the laboratory windows to reduce the
amount of heat entering from the outside while
still allowing light to enter and protecting the
room from excessive heat accumulation during
warm weather. Multiple air-conditioning units
were placed at strategic points within the laboratory to maintain a temperature-controlled
environment for equipment operation. The
renovated space now facilitates a safe and
efficient laboratory workflow with improved
human resources and rapid testing capacity.
Development of a new biocontainment
facility for rapid TB culture was easier than
renovation of the existing facility, in terms of
the planning process, since space limited what
could be put in the older facility. The major
challenge with the existing facility was scheduling work around renovation activities and
protecting cultures from contamination. In
both new development and renovations the
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T

he incidence of TB in Zambia
is 600 cases per 100,000 population,
and the HIV coinfection rate ranges
from 50% to 70%.50 Before 2005, the Zambia
TB program was supported by one laboratory
with conventional TB culture capacity, the
National Chest Diseases Reference Laboratory.
Because of the critical need to strengthen and
expand TB diagnostic capacity within the
country, Zambia’s Ministry of Health requested
donor support and technical assistance from
PEPFAR to expand the reference laboratory’s
capacity in the northern region of the country.
The Tropical Disease Research Center (TDRC)
TB Regional Reference Laboratory was established to support the National Chest Diseases
Reference Laboratory in improving TB diagnostic service turnaround time in the northern
region of the country.
Both the National Chest Diseases and TDRC
TB Regional Reference Laboratories support the
Zambia TB program with FM, rapid identification, culture, and first-line drug susceptibility
testing. These laboratories provide EQA support for approximately 160 smear microscopy
centers in the TB network. Many challenges
were encountered in the process of strengthening the national TB reference laboratory network. Lessons learned that may be particularly
relevant to other settings are discussed here.
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amount of time required for completion of the
physical work was a challenge. Developing the
new facility at TDRC entailed slow work processes as well as nonfunctional support services
and discovery of inadequate electrical outlets
after occupancy of the facility. Other surprises
included low water pressure, facility leakages
during the rainy season, and the need to protect
equipment from dust contamination during
dry and windy seasons. As expected, the hiring
of sufficient laboratory personnel and the planning of training activities to improve technical
and organizational skills required more time
for the new laboratory facility development.

Expansion of Electrical Output to
Support Laboratory Equipment
Refrigerators, freezers, class II biosafety cabinets, and automated culture systems require
high-voltage electrical output supported by
automatic backup generators, power supply
regulators, and surge protectors. These are in
both the renovated National Chest Diseases
Reference Laboratory and the newly established
TDRC Regional TB Reference Laboratory.

Clean and Reliable Water Supply
Laboratory water supply (e.g., boreholes as an
underground water source) for technical work
and safe waste disposal are important additions
when expanding technical capacity to support
new and developing laboratories in Zambia and
in many sub-Saharan African countries. Most
laboratories have water supply problems, such
as low pressure, which limit the amount of water
available. Challenges encountered in Zambia
included inadequate numbers of sinks (for staining smears, glassware washing, and hand washing), as well as several other water-related issues.
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To ensure a constant water supply, water tanks
and pumps and adequate electrical sources to
operate the pumps were installed. Distillers and
a supply of water filter replacement cartridges
are also required for the preparation of reagents
and dilution of drugs for susceptibility testing. It
is important to design schedules and procedures
to ensure that equipment is inspected, serviced,
and maintained on a regular basis.

Implementation of New Diagnostic
Equipment
The use of new diagnostic equipment to support rapid and sensitive testing requires procurement of the proper reagents. Reagent
acquisition requires planning and knowledge
of the testing environment, as well as knowledge about how to order and negotiate the
best services for the national TB program.
Procurement of reagents in resource-limited
settings can be especially challenging because
of the time it takes to receive supplies and
equipment, different procurement procedures
for different reagents, and lack of technical
laboratory expertise with new equipment and
reagent requirements. The implementation
of diagnostic equipment designed for highresource settings requires patience, adaptation,
and knowledge of international guidelines and
rationale for existing or original protocols, as
well as careful planning with the in-country
technical experts who will be the end users.
This process should be carried out with support from consultants familiar with the use of
the equipment in a range of settings. To simplify the implementation process, equipment
selection should be standardized across sites
whenever geography, physical infrastructure,
technical expertise, and clinical needs permit.
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Aside from physical infrastructure improvements, capacity development and support
are the most challenging aspects of laboratory capacity building for TB/HIV programs.
Human resources are limited for national programs. Resources may be provided through
cooperative agreements and seconding from
other donors, allowing TB laboratory technicians to adequately support the national program. Additionally, local TB donors and laboratory partners can work cooperatively with
international professional organizations and
instrument manufacturers to provide training directly to the national network and take
responsibility for diagnostic and treatment
support in various regions of the country.

TB Specimen Transport Mechanisms
Regional and national TB laboratories provide
diagnostic support for rural, district, and provincial facilities by referral systems. Because
full-service TB laboratory support for culture and drug susceptibility testing is limited
within a country due to geographical distances,
human resources, and infrastructure capacity,
it is important to develop a mechanism to provide services across those distances. This can
be done by transporting specimens via numerous mechanisms, such as bicycles, motorcycles, private vehicles, and commercial courier
systems. Commercial courier transport of
diagnostic specimens is the most cost-effective
and stable method for providing services in
both high- and low-resource settings. For any
transport strategy to be effective, there must
be adequate planning for implementation and

secured financial commitment. Areas that
require particular attention include acquisition
and management of appropriate sample transport packaging, staff training, sample preparation, and documentation of sample pickup
and delivery times to and from the testing sites
with ongoing monitoring and evaluation to
ensure quality of service.

Internal Quality Control and External
Quality Assessment Activities

prevention and management
of tuberculosis

Human Resource Capacity
Development and Technical
Training Support

The internal quality control programs for laboratories in Zambia continue to be strengthened. Challenges for implementing internal
quality control include difficulty acquiring
reference quality control strains due to cost,
material transfer issues, biosafety, and international transport concerns for shipment of
mycobacterium species. Participation in international smear microscopy and drug susceptibility testing programs is in progress in both
laboratories in Zambia.

Technical Consultation to
TB Laboratories in ResourceLimited Settings
Validation procedures for FM, liquid culture,
AccuProbe identification, and rapid firstline drug resistance testing are in place at the
National Chest Diseases Reference Laboratory
and more recently have been implemented at
TDRC TB Regional Reference Laboratory.
The provision of technical assistance in
resource-limited settings can be very rewarding for international consultants because
small interventions can make major contributions to the treatment and care of patients
coinfected with TB and HIV. Both the implementation of laboratory procedures and the
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provision of desired laboratory services for
clients in resource-limited settings frequently
take longer than anticipated, which requires a
significant amount of patience and resilience.
The use of international technical consultants to assist in the implementation of
TB diagnostic procedures, such as ZN smear
microscopy, EQA, panel testing, and blinded
rechecking, can be highly effective. However,
several challenges are associated with having
an outside professional assist in the setup of
these systems, which can lead to frustration
on all sides. For instance, most laboratory scientists in resource-limited settings are accustomed to experiencing shortages of needed
supplies on a routine basis, which can slow
or halt activities. Outside consultants will also
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need to consider local conditions and limitations when attempting to implement international scientific protocols and technical
standard operating procedures. For example,
samples used in direct smear microscopy in
resource-limited, high-TB-burden settings will
differ significantly in comparison to the concentrated samples common in low-prevalence,
high-resource settings. Reference manuals
and training materials developed jointly with
WHO, IUATLD, CDC, and other global laboratory partners are invaluable resources for
international laboratory consultants who will
work with in-country professionals to adapt
procedures to local laboratory management
practices and conditions to accomplish the
needed tasks.
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Integration of TB and HIV Care in
Large, Urban Primary Health Centers:
Lessons Learned from Lusaka, Zambia
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Chapula,c and Stewart Reida,b
Centre for Infectious Disease Research in Zambia (CIDRZ), Zambia
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G

iven the global impact of HIV
infection on tuberculosis (TB), the World
Health Organization (WHO) Stop TB
Strategy now includes a focus on TB-HIV collaborative activities.1 Although the potential benefits
of TB-HIV integrated systems have been documented,2-5 developing systems to implement such
services is an ongoing challenge for TB and HIV
programs in high-burden countries. The aim of
this chapter is to present initial experiences and
early lessons from the integration of TB and HIV
programs in Lusaka, Zambia.
Zambia is one of the countries hardest hit by
the dual TB-HIV epidemics: the country has the
world’s eighth highest TB incidence rate6 and
a national HIV seroprevalence of 17%.7 Lusaka
District encompasses Zambia’s capital city of
Lusaka, with a population of approximately two
million individuals served by a network of 27 primary care public health centers. Depending on the
size of the health center, HIV departments vary in
size from 1,000 to 8,000 enrolled patients, and TB
departments treat from 200 to 2,100 patients annually. These health centers provide an array of services, among them inpatient and outpatient adult
and pediatric medical care, labor and delivery, and

maternal and child health, including programs
for the prevention of mother-to-child transmission. To date, HIV care and TB care are provided
through independent, vertical programs. In this
chapter, the term integration refers to enhanced
case finding and diagnosis of both TB and HIV by
health-care workers within vertical TB and HIV
programs and the strengthening of referral systems
between these programs.

Developing Partnerships
In response to the World Health Organization’s call
for greater collaboration between HIV and TB programs, the Zambian Ministry of Health (MOH)
established the National TB-HIV Coordinating
Committee in 2005. This was the first step in initiating national-level action in support of the integration
of TB and HIV activities. The formation of this committee was critical in establishing the commitment
and leadership of the MOH on this issue and demonstrating the priority status accorded to TB-HIV.
Committee membership is composed of the MOH
and national and international nongovernmental organizations (NGOs) involved in TB and HIV
care in Zambia. Since its inception, the coordinating
committee has led the formulation of policies calling
Prevention and Management of Tuberculosis
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for the training of health-care workers in providerinitiated HIV testing and counseling (PITC), also
termed diagnostic counseling and testing (PITC),
as standard care in TB programs and the creation of
integrated patient care forms and patient management algorithms.
A similar coordinating committee and TB
working group were formed at the district level
by the Lusaka District Health Management Team.
All TB-HIV stakeholders in Lusaka District were
invited to meet to harmonize TB-HIV-related
activities. Through this mechanism, the Centre
for Infectious Disease Research in Zambia
(CIDRZ) partnered with the MOH. CIDRZ is a
Zambia-based NGO with funding from the U.S.
President’s Emergency Plan for AIDS Relief and
is affiliated with the University of Alabama at
Birmingham. One of its roles is to assist with
scale-up of TB-HIV integration activities at the
health center level, including design of TB-HIV
integration systems, training of health-care
workers, systems implementation, monitoring,
and evaluation.

Situation Analysis and Site
Selection at the Health
Center Level
TB and HIV screening practices and patient
flow between departments were analyzed in several health centers. This information was used
to develop an integration model that was piloted
at one health center. Once the model had been
evaluated and modified, it was scaled-up to other
health centers (see Figure 1). In preparation for
this scale-up, MOH and CIDRZ staff surveyed
Lusaka District health centers, prioritizing them
for implementation by the following criteria: (1)
centers offering both TB and HIV services, (2)
centers with adequate staff and counseling rooms
to perform PITC, (3) centers with high volumes
of TB- and HIV-infected patients, and (4) centers
568

with opportunities to coordinate integration with
the opening of new HIV departments. Planning
for infrastructure expansion at other sites was initiated concurrently to provide lead time for the
completion of needed renovations or construction. Using these criteria, 15 health centers were
initially targeted, followed by 7 more that provided
TB but not HIV care.
Prior to implementation at each health center,
the district TB-HIV focal person facilitated a meeting with health center staff to introduce TB-HIV
integration as an MOH initiative. The focal person
also introduced representatives from CIDRZ and
explained that they would provide technical support for this initiative.

Integration Activities
All integration activities were based upon recommendations in the Interim Policy on Collaborative
TB-HIV Activities from WHO’s Stop TB and HIV/
AIDS departments.8 The three goals of the WHO
policy are to (1) establish the mechanisms for collaboration, (2) decrease the burden of TB in people
living with HIV, and (3) decrease the burden of
HIV in patients with TB.
These goals were achieved at the health center
level through the following activities:
1. Improved communication and referral links
between TB and HIV departments. All TB
and HIV patients carry patient care cards with
diagnostic and treatment details that are used
to improve the sharing of critical patient care
information between TB and HIV departments. Clinicians have been trained to check
these cards at each visit for updated details of
their patients’ treatment. Communication of
patient information from HIV departments
to TB departments is facilitated by the TB
corner referral/drug update form. This form
documents referrals to TB departments and
suggested TB treatment regimens, as well as
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TB Department
TB patient

HIV Department
HIV patient

TB/HIV Group Education

At Every ART Appointment:
TB symptom screen
Sputum smear if necessary
Other workup if necessary

PITC: Pretest counseling

Re-offer test
at end of
intensive
phase and end
of treatment

Accept
HIV Test
HIV

TB Diagnosed:
Change ARVs if necessary
Complete TB referral form

TB Not Diagnosed:
Continue routine HIV care

HIV
prevention and management
of tuberculosis

Refuse HIV
Test

Posttest Counseling:
Labs sent for CD 4/full
blood count
Patient scheduled to
return in two weeks
for lab results and
ART enrollment

Posttest
Counseling:
re-offer test
every three
months if
still receiving
TB therapy

Comanagement at TB and HIV Departments
TB Department:
HIV Department:
Provide TB therapy
Cotrimoxazole preventive therapy
Monitor ART Clinic enrollment
Provide ART (if needed)
Counsel patients who default from Clinical evaluation and monitoring
ART Department
of TB and HIV disease
progression/adverse events

Figure 1. TB/HIV Integration Modela

Left side of figure denotes patient flow of HIV-related activities in TB departments. Right side of figure denotes
patient flow through TB-related activities in ART departments.
a

initiation, or changes to ART regimens or initiation of cotrimoxazole preventive therapy.
2. Establishment of PITC at TB departments.
Group education sessions in the TB department waiting area provide information on
TB-HIV coinfection, the importance of
knowing your status, and HIV prevention.
PITC is offered to all patients at their time
of enrollment into TB care (see Figure 1, TB
Department). For those who initially refuse
testing, PITC is reoffered at the end of the
intensive phase of TB treatment and again at
completion of TB treatment.

3. Improved screening and diagnosis of TB in
HIV departments. Doctors and clinical officers are trained in typical and atypical clinical
presentations of TB-HIV coinfection and the
use of diagnostic algorithms. Clinicians review
symptoms at all visits and are encouraged to
screen for TB whenever patients present with
symptoms consistent with TB (see Figure 1,
HIV Department). Since the TB diagnostic process can occur over multiple visits and involve
different clinicians, a TB diagnostic worksheet
was developed to assist with continuity of care
and improve documentation.
Prevention and Management of Tuberculosis

569

Human Resource Development
Staff members targeted for training in integrated
care included heath center management, medical and clinical officers, HIV and TB department nurses, nurse-counselors, peer educators,
and pharmacy and laboratory technicians. After
discussing staffing requirements for integration, health center staff in charge select those to
be trained. Depending on job responsibility, staff
receive 2 to 10 hours of training consisting of rationale for integration, TB-HIV epidemiology, clinical diagnosis and management of TB and HIV, and
PITC techniques.
Training days are chosen to maximize attendance and minimize the effect on health center
operations. Sessions are usually held in the afternoons, when the clinic is less busy. Clinical training
is conducted by an internal medicine physician or
general practitioner, while PITC, patient flow, and
systems training are taught by nurse-counselors.

Training Curriculum and Format of
Training Sessions
Days 1 and 2 (half-day sessions)—all staff in
attendance
• Rational for integration of TB-HIV care
• Basics of TB-HIV epidemiology
• Management of TB-HIV coinfection
Days 3 and 4 (half-day sessions)—staff are
divided into two groups
• Group 1: PITC training for nurse-counselors
• Group 2: Training for clinicians, including
nurses, doctors, and clinical officers. Training
covers basics of PITC, advanced diagnosis and
clinical management, and diagnosis of coinfected patients, including X-ray interpretation and TB-HIV cotreatment.
Standard training materials were prepared
using the following guidelines: the WHO TB-HIV:
A Clinical Manual,10 the UNAIDS and WHO
Guidance on Provider-Initiated Testing and
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Counselling in Health Facilities,11 the Zambian
MOH Guidelines for TB-HIV Integration,12 and
the Zambian National Guidelines on Management
and Care of Patients with HIV/AIDS.13 The training
materials include didactic PowerPoint presentations and X-ray interpretation, as well as training
in correct completion of patient care forms used
with the electronic medical records system for
all Lusaka HIV departments (e.g., TB diagnostic
worksheet, TB corner referral/drug update forms).
The sessions are designed to be case based, interactive, and relevant to the day-to-day realities of
clinical practice in Lusaka. Pre- and posttest evaluations are used to gauge the level of participant
knowledge and effectiveness of training. Nursecounselors also receive practical training in HIVtesting techniques using rapid test kits.

Implementation of Diagnostic
Counseling and Testing
Forms and registers are delivered to health centers
on the final day of training. The health centers are
then given two days to set up PITC rooms, organize registers and forms, and ensure an adequate
supply of test kits. During the first week, CIDRZ
staff make daily visits to assist with implementation. Implementation entails working with clinic
staff to set up patient systems, including PITC in
TB departments, TB screening in HIV departments, and referral systems between departments.
This includes real-time implementation of patient
education sessions, patient flow, specimen collection, and completion of forms and registers, as well
as patient tracking and follow-up. Implementation
staff also monitor counseling sessions and patient
clinical visits to assess performance and, where
appropriate, make suggestions. Supervision of
implementation usually lasts one week. During
this period, information acquired during training
is reinforced and/or clarified, and any misunderstandings are identified and corrected.
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Monitoring and Evaluation
Systems have been developed to monitor patient
flow between TB and HIV departments, assess
follow-up, and evaluate program activities. Many
of the ite=ms measured are based on WHO recommendations for monitoring TB-HIV collaborative
activities.14 PITC registers were created to record
test results and the numbers of patients that: (a)
receive pretest counseling, (b) accept testing, (c)
test positive, (d) are referred to HIV departments,
and (e) enroll in HIV care. Additional registers are
placed at both TB and HIV departments to record
successful referrals between clinics. TB department
staff summarize information from these registers
on a monthly reporting form, which is forwarded
to MOH and CIDRZ and entered into a database.

Monthly summaries are generated from the database and used by implementation team members to
monitor and problem solve issues during follow-up
visits. Data are disseminated to clinic staff at quarterly meetings and sent to district and provincial
health staff.
Register data are supplemented by data from
an electronic medical record system used in all
Lusaka HIV departments. Patients referred to HIV
care from TB departments have unique patient ID
numbers identifying them as TB patients. Patient
data collected from this system include date of HIV
department enrollment, ART start date, and cotrimoxazole preventive therapy (CPT) start date. One
limitation is that new TB diagnoses are not routinely
captured in the existing electronic system; this feature is being added to the system’s next version.
Figure 2 (next page) shows summary PITC
data from the first seven Lusaka health centers
to implement PITC. These health centers implemented PITC between December 2005 and March
2007. All patients offered PITC at these health
centers prior to April 30, 2007, were included in
an observational cohort.15 This cohort was followed through August 31, 2007, to allow an adequate period of time for HIV department enrollment. A total of 2,053 patients were approached
by providers for HIV testing using the PITC
strategy. Of patients who did not have prior
HIV-positive test results, 1,519 (77%) accepted
HIV testing and 1,049 (69%) of these tested HIV
positive. At the time of data collection, 591 of
1,006 (59%) TB-HIV co-infected patients with
traceable medical record numbers had enrolled
into long-term HIV care and treatment. Median
CD4 count among those who enrolled was 161
(interquartile range, 84-277), with 88% at either
WHO Stage III with a CD4 count of less than
350 cells/mm3 or WHO Stage IV, making them
eligible to receive ART according to Zambian
national guidelines.
Prevention and Management of Tuberculosis
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It is critical that follow-up activities occur in
the weeks after implementation to ensure adherence to new systems and to ensure that appropriate
modifications are made to address the unique circumstances of each health center. Initially, followup visits occur weekly; once systems are running
smoothly, visits are reduced to biweekly. During
these visits, TB-HIV integration staff check registers for complete and correct responses, examine
TB and HIV department files for appropriate care,
documentation, and referral, and discuss any issues
or concerns with health center staff. Integration
staff review monthly PITC returns with health
center staff both during follow-up visits and at
quarterly district meetings attended by all TB and
HIV clinicians in charge. These quarterly meetings
are an opportunity for health center staff to compare results and problem solve issues of concern,
especially methods to improve the proportion of
TB patients undergoing HIV testing, referral, and
completion of HIV department enrollment. If feasible, all activities are led by district staff with the
long-term plan to transition program responsibility to the MOH.

Patients pretest
counseled
2053

Patients refusing
HIV test
464 (23%)

Previously documented HIV infection
70

Patients accepting
HIV test
1519 (77%)

HIV negative
466 (31%)

Indeterminate HIV test results:
4

HIV positive
1049 (69%)

Did not enroll in
HIV department
415 (41%)

Identification number could not be
matched with electronic medical record
43

Enrolled in
HIV department
591 (59%)

Figure 2. Profile of diagnostic counseling and testing cohorta
Cohort includes all tuberculosis patients who underwent diagnostic counseling and testing at seven Lusaka
health centers between December 1, 2005, and April 30, 2007. Patients were followed through August 31, 2007, for
enrollment at an HIV department.
a

Successes and Challenges
Implementation of integrated services has resulted
in many successes and challenges. These will be
discussed as they relate to the following issues: staff
response, space and staff capacity, patient acceptance, integration of TB and HIV cotreatment,
infection control, TB diagnosis in ART clinics, and
communication between TB and ART clinics.

Staff Response
TB-HIV integration has been readily adopted
by district TB staff, as they have long recognized
that HIV coinfection affects the majority of their
patients and leads to poorer clinical outcomes and
relapse. Despite prior training in diagnosis and
treatment of opportunistic infections, HIV department staff have appreciated further training in TB
diagnosis and management. Even though TB is a
common finding in HIV departments, its management poses significant challenges, especially in
572

terms of diagnosis and cotreatment with TB and
ART regimens.

Space and Staff Capacity for PITC
Many of the smaller health centers were able to
provide PITC to all new TB patients as well as to
the “backlog” of patients already receiving TB treatment at the time of implementation. However, several of the centers with large patient volumes and
limited staff numbers were unable to approach
all patients for counseling and testing before they
completed TB treatment. This was addressed by the
addition of nurse-counselor overtime shifts and the
construction of dedicated PITC counseling rooms.

Patient Acceptance
Although acceptance of HIV testing was high
(77%), it was below the goal of 100%. Health center staff report that barriers to testing included
patients’ inability to cope with two diagnoses,
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Integration of TB-HIV Cotreatment
Many recommendations suggest that the optimal
integration of TB and HIV care is to comanage
both diseases in one setting.5,18-20 This was attempted
in one clinic; care was streamlined for patients to

receive both TB and ART at the HIV department.
Due to large patient numbers, limited space, logistical limitations, concerns over nosocomial transmission, and staff shortages, it was decided that this
approach was not practical in a large urban health
center. During the pilot program, patient waiting
times increased because pharmacy staff could not
manage the additional workload generated by the
distribution of TB drugs. Ultimately, patients preferred to receive care in both departments. While
the current program improves both TB and HIV
case findings, its limitations reflect the constraints
of the public health-care system.

Infection Control
With enhanced referral of TB patients to HIV
departments, as well as the threat of undiagnosed
TB among HIV-positive patients, infection control became a priority for integration activities.
To address this, a delay period was instituted for
new TB patients so that all patients complete at
least two weeks of TB treatment to reduce infectiousness before enrolling in HIV care. Plans are
being developed for low-cost waiting areas with
adequate ventilation for both TB and HIV departments to reduce nosocomial transmission.

TB Diagnosis in HIV Departments
To improve clinical care in HIV departments,
CIDRZ staff monitor TB screening, diagnosis, and
cotreatment practices in HIV departments and provide one-on-one mentoring to clinicians. Critical to
the success of these programs is the scaling-up of TB
laboratory diagnostics to cope with the increased
numbers of patients undergoing screening. As
TB screening of HIV-infected patients increases,
the number of smears requiring examination has
increased. Sputum-smear microscopy is the primary
tool for TB diagnosis in Zambia, and HIV-positive
persons are more likely to be smear negative.21,22
Although many Lusaka health centers have labs that
Prevention and Management of Tuberculosis
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wanting to consult a spouse, fear of ART and/or
cotreatment with TB drugs and ART, HIV stigma,
and variations in the quality of counseling. Couples
counseling is not available at PITC sites but would
be helpful when patients wish to consult a spouse
regarding HIV testing. Because a high proportion
of coinfected patients are eligible for ART (88%), all
HIV-positive TB patients are offered enrollment in
HIV care to streamline referral systems. However,
despite treatment literacy education, only 59% of
HIV-positive patients completed HIV department
enrollment. These results are worrying, given the
high proportion eligible for ART initiation according to WHO and national guidelines.
Anecdotally, patients report the primary reason
for not enrolling in ART care is the concern that
they will automatically be initiated on ART; some
patients fear the pill burden and side effects of
cotreatment, while others believe that cotreatment
is fatal. Patients may be psychologically prepared
to accept TB treatment but not be ready for the
additional emotional burden of a coincident HIV
diagnosis. Similar reasons for not starting ART
were found in a qualitative study conducted among
HIV-infected women in Lusaka.16 High patient
volume, staff shortages, and long waiting times
at HIV departments also likely contribute to TB
patients’ not enrolling in treatment.17 Anecdotally
as well, there is concern in the community that
patients may be shunning the TB department to
avoid health-care worker requests to undergo HIV
counseling and testing. Enhanced community education about TB-HIV coinfection, use of peer educators, and qualitative research to further explore
these issues are under way.

perform smear microscopy, these labs are generally
understaffed given the smear examination load. The
result is that many TB-HIV coinfected patients are
either missed or diagnosed as smear negative and
treated empirically based on history, physical examination, or chest X-ray, where available. To address
this shortfall, two NGOs have recently hired and
trained lay microscopists to increase smear examination capacity in MOH health centers. In addition,
the role of lower-cost fluorescence microscopes are
being evaluated in this setting. New low-cost diagnostics will be available in the coming years, which
should continue to improve the diagnosis of TB in
HIV-positive patients.

Communication between
TB and ART Clinics
Comanagement of patients in vertical TB and HIV
departments has resulted in communication challenges that are exacerbated by high patient loads and
staff shortages. TB nurses often do not know which
patients are on ART, and staff in HIV departments
may not be aware that patients have started anti-TB
drugs. To address this, referral forms from HIV to
TB departments and from TB to HIV departments
have been designed and implemented. In addition,
weekly missed-visit reports are generated by the
HIV department’s electronic medical record system and given to TB department staff so that they
can locate patients who default in HIV care.

Lessons Learned: Model
Modifications
Each health center has adapted patient flow and
monitoring systems to address specific needs of
its site and staff. For example, some health centers
found that patients were more willing to enroll in
HIV care if enrollment was initiated by TB nurses
who were familiar to and trusted by the patients.
As a result, much of the HIV enrollment process
in these centers is performed in the TB department
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before the patient is escorted to the HIV department. This also decreases waiting time for the first
HIV department appointment. In other health
centers, this is not practical, and staff have instead
implemented an “expedited HIV enrollment” process for TB patients. These patients avoid the usual
elective enrollment waiting list and are fast-tracked
to reduce loss to follow-up. This is an important
step that enables TB patients, the majority of whom
have advanced-stage HIV disease, to access HIV
care expeditiously.
To address space constraints, counseling rooms
were built by modifying existing clinic space and,
where necessary, constructing new buildings. In
health centers with high numbers of TB patients,
nurses were paid to work overtime shifts to perform PITC in an attempt to clear the backlog of
TB patients on treatment when PITC was implemented. Further pilots are under way to assess
alternative approaches to address health-care
worker shortages, such as group pretest counseling and the use of peer educators and lay counselors to assist with counseling and referral systems. It is hoped that such approaches may help
reduce the workload of already overburdened TB
staff. In Zambia, changes in patterns of clinical
care can generate community misconceptions and
confusion, such that community consultation and
education prior to implementing new programs is
critical. Finally, by working closely with the MOH,
NGOs can develop sustainable programs with early
transition of responsibility to district teams.

Conclusions
TB-HIV integration in large, urban primary
health centers in Lusaka has enabled identification
and comanagement of many TB-HIV coinfected
patients who otherwise would have been missed.
The building of capacity to meet the demands of
large patient loads and the development of linkages between vertical TB and HIV departments
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patient numbers. Although we did not achieve full
integration of patient care in the large, urban primary health centers in Lusaka, it is likely that this
is achievable in smaller clinics and rural settings.
Current integration models in developing country
settings will evolve to maximize utilization of scarce
resources, resulting in improved patient outcomes.
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are ongoing challenges. The largest obstacles
encountered are those posed by staffing and infrastructure limitations.
The level of service integration that is feasible at
individual sites will vary depending on many factors, including health-care worker supply, infrastructure availability, infection control issues, and
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T

uberculosis (TB) continues to
be one the leading causes of morbidity and
mortality in developing countries. The World
Health Organization (WHO) estimated that worldwide there were 8.8 million new cases of TB in 2005,
with the majority (84%) occurring in Asia and
Africa.1 In Rwanda, the number of TB cases more
than doubled between 1995 and 2005 (3,054 cases
in 1995 versus 7,220 in 2005).1 Many factors are
contributing to the increasingly high prevalence of
TB in resource-limited settings, including poverty,
demographic changes, and the rapid spread of HIV.
HIV is the greatest risk factor for the progression
of latent TB infection (LTBI) to active disease.2 A
person who is dually infected with TB and HIV has
a 30% to 50% percent lifetime risk of developing TB.3
In addition, individuals living with HIV, particularly
those who are severely immunocompromised, generally develop active TB disease soon after becoming infected with Mycobacterium tuberculosis.4
Several studies have demonstrated that TB
preventive therapy (PT) is an effective means of
preventing TB in HIV-positive individuals. 5-7
Therefore, it can be inferred that the implementation of TB PT within a community may be an
effective means of reducing the TB burden within

that community. Since TB PT requires the identification of HIV-positive individuals, HIV voluntary
counseling and testing (VCT) centers are an ideal
place to offer such therapy.
Besides M. tuberculosis, studies have shown that
various bacterial and parasitic pathogens, such
as Salmonella typhi, Streptococcus pneumoniae,
Toxoplasma gondii, and Isospora belli, are major
causes of morbidity and mortality in HIV-positive
people in sub-Saharan Africa.8-12 Data from many
developed countries have shown that before the
introduction of antiretroviral therapy (ART), survival of HIV-positive people was improved mainly
through prevention of opportunistic infections
with antibiotic prophylaxis.13 In developing countries, the use of antibiotic prophylaxis to reduce
the incidence of opportunistic infections was initially evaluated in two clinical trials conducted in
Abidjan, Côte d’Ivoire, between 1995 and 1998.14,15
The two studies demonstrated a significant
decrease in the rate of severe events and in the incidence of serious opportunistic infections in people
who received cotrimoxazole (CTX) compared to
those who received a placebo. As a result of these
studies and following consultative meetings, the
Joint United Nations Program on HIV/AIDS
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(UNAIDS) and WHO made the recommendation
that CTX be used for prophylaxis in HIV-positive
adults and children in sub-Saharan Africa as part
of a minimum care package.
Aware of the danger presented by the deadly
combination of TB and HIV, and recognizing that
many people living with HIV were dying of preventable diseases, IMPACT-Rwanda (Implementing
AIDS Prevention and Care, Rwanda), in collaboration with the Programme National de Lutte contre le
SIDA (PNLS; National AIDS Control Program) and
the Programme National Intégré de Lutte contre la
Lépre et la Tuberculose (PNILT; National Leprosy
and Tuberculosis Program), agreed to pilot interventions that would integrate TB and HIV services.
Lessons learned from the pilot project were then
to be used to inform policy on how TB and HIV
services should be integrated in the country. At the
time this pilot project was implemented, the WHO
guidelines on CTX PT had just been published but
had not yet been adopted in many countries. For
this reason, little was known about the feasibility of
CTX PT in such settings, and access to CD4 counts
and antiretrovirals (ARVs) was almost nonexistent.
This pilot project was funded by the United States
Agency for International Development (USAID)
under the IMPACT-Rwanda project.

Pilot Project Objectives
The objectives of the pilot project on integrating
TB and HIV care were as follows:
1. To integrate TB PT into existing HIV VCT
services
2. To introduce services for prevention of opportunistic infections with CTX for HIV-positive
clients
3. To initiate and increase access of TB patients to
HIV VCT services
4. To introduce active screening for TB among
partners of HIV-positive TB patients
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Pilot Project Description
Site Identification
The pilot project was implemented at Kabgayi
and Rwamagana Hospitals, two district hospitals where IMPACT-Rwanda was supporting the
implementation of HIV counseling and testing services. The choice of these two sites was based on
the relatively high HIV prevalence and number of
TB cases recorded in the two districts. At the time
of the project initiation in 2000, it was estimated
that HIV prevalence rates among women attending antenatal clinics were 10% in Kabgayi and
16% in Rwamagana according to PNLS sentinel
surveillance reports. In 1999, the PNILT reported
247 and 271 TB cases in the districts of Kabgayi
and Rwamagana, respectively.

Site Preparedness
The intervention team decided that PT services
would be offered as part of the HIV counseling
and testing services within the hospitals. A room
at each site was prepared and used specifically for
the project.
The successful implementation of TB and
opportunistic infection PT interventions required
the following components:
• Appropriate training of all staff in the hospitals on TB, HIV, the relationship between TB
and HIV (e.g., prevalence, clinical presentation, treatment, and drug interaction), and
preventive treatment for TB and opportunistic
infections
• Establishment of formal linkages between various service providers
• Development of data collection tools
• Development of eligibility criteria for various
interventions
• Ensuring drug availability (e.g., isoniazid [INH]
through the PNILT)
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Establishment of Formal Referral Linkages
between Services in Hospitals
The interventions being implemented as part of
the pilot project required strong collaboration
between various service providers within the
hospitals and among community-based organizations (CBOs). In order to develop an effective community-based referral system, a number
of meetings were held between hospital service
providers and CBOs. At the conclusion of these
meetings, a system was developed that was comprised of a referral coordinator, a referral coordination working group, and referral materials
(i.e., referral cards and registry). To ensure the
flow of information within the hospital, arrangements were made with laboratory and X-ray services to ensure that chest X-ray and laboratory
results were interpreted and returned to the HIV
VCT centers.

Development of Data Collection Tools
The project team designed a data collection form
that captured relevant data for the exclusion of
active TB, monitoring of adherence to treatment,
and occurrence of adverse effects (including active
TB). In addition to the data collection form, the
team also developed a treatment card, which was
used by clients to record each drug dose taken.
Information from the data collection form was
entered into the computer using a predesigned data
entry spreadsheet.
Eligibility Criteria
A flowchart outlining the steps involved in determining eligibility for inclusion in the project was
developed (see Figure 1); it was decided that those
age 13 and older living with HIV would be targeted
by the project. While children younger than 13 were
not included in the pilot project, it was soon discovered that there was a great need for such services
for children. Future policies regarding PT took this
need into consideration.
To be eligible to receive INH PT, patients had to
meet the following criteria:
• Provide full consent to receive INH
• Have no history of allergies to INH
• Have no symptoms suggesting active TB (e.g.,
cough, fever, enlarged cervical lymph nodes);
in case of the presence of symptoms, a decision
would be made by a medical doctor following a
two-week course of antibiotics
• Have no symptoms suggestive of hepatitis (e.g.,
jaundice, abnormal liver function, elevated liver
enzymes)
• Have no history of TB in the last three years
• Have a normal chest X-ray
To be eligible to receive CTX, patients had to
meet the following criteria:
• Be willing to provide informed consent to
receive CTX
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Staff Training
The PNILT was responsible for providing training
on TB and TB PT to counselors at HIV VCT centers. Training curricula and materials were developed for the following subjects: (1) recognition of
TB symptoms, (2) TB diagnosis, (3) exclusion of
active TB, (4) TB treatment and monitoring, and
(5) TB preventive treatment.
PNLS and Family Health International (FHI)
were responsible for training staff at the district
hospitals on HIV/AIDS clinical staging and all
aspects of CTX PT. Training curricula and materials were developed for this portion as well, and
covered the following subjects: (1) clinical definition and staging of HIV/AIDS, (2) overview of
common HIV-related opportunistic infections and
their treatment or management, (3) PT for opportunistic infections, (4) practical implementation of
CTX prophylaxis, (5) monitoring treatment compliance, and (6) client confidentiality.

Patient with known
HIV infection
Register patient
with HIV infectoin
History and
physical examination
Cough or fever?

yes

no

Follow
respiratory
condition or fever
guidelines; order
sputum for AFB

Any of the following present:
• terminal AIDS
• active hepatitis
• TB diagnosed in past 3 years
• suspicion of extrapulmonary TB
• habitual treatment defaulter
• prior isoniazid intolerance

yes

no
Condition resolved?
no

yes

IPT not offered

no
Counsel on IPT HIV care, etc
Patient
accepts
TBPT

Follow PNILT
treatment
guidelines

yes

TB diagnosed?

• If indicated refer
to medical
officer or rule
out active TB
• Continue HIV
care, counseling,
support

no

yes
CXR
normal?

no

Refer to medical officer

no

Active TB
excluded?

yes

yes

Start daily isoniazid and
pyridoxine, give patient monthly
supply, and record in register
Perform monthly evaluation
and examination
Patient has 2 weeks of
fever or cough

yes

no
Patient has any of the following:
• hepatitis
• exfoliative dermatitis
• intolerable side effects
• terminal AIDS
• active TB

yes

• Send sputum for AFB
• Discontinue IPT if cannot
exclude active TB within
2 weeks

Discontinue IPT
• refer to medical officer
• could restart if condition
resolves
Isoniazid Preventive Therapy (IPT)
Daily Dosage Schedule

no
Twice 2
weeks late for
appointment

yes

Discontinue IPT

no
Completes 9 months IPT in
at least a 12-month period

Weight

Dosage

30 kg
30–50kg
50 kg

100–200 mg
300 mg
400 mg

Pyridoxine 25 mg daily

Figure 1. Flowchart for TB preventive therapy for people living with HIV infection
Source: Adapted from Botswana NTP, Botusa and National AIDS Control Programme

582

From the ground up: Establishing a Framework for Success

Ensuring Drug Availability
FHI/IMPACT-Rwanda purchased all the products
(INH, pyridoxine, and CTX). Since the project was
funded by USAID, FHI/IMPACT-Rwanda was able
to purchase Pharmamed’s INH and CTX from the
International Dispensary Association (IDA). The
importation of the medication was facilitated by
the PNILT, which remains the only structure authorized to import TB medicines into the country.
Sites made drug requisitions based on the number
of clients seen and clients actually enrolled. The
PNILT supplied the sites with medication during
monthly supervision activities.

Implementation of Integrated
TB and HIV Activities
Integration of TB PT into
HIV VCT Services
A flowchart for screening eligibility to receive INH
PT was developed (see Figure 1). All HIV-positive
individuals identified through HIV counseling and
testing services were informed of the availability
and benefit of TB PT. These patients were then

referred to a medical officer for a clinical examination to determine their eligibility for TB prophylaxis. All clients eligible for TB preventive treatment who wished to receive it were given TB PT.
The regimen consisted of daily INH (5 mg/kg up to
300 mg) for nine months. Pyridoxine (10 mg daily)
was given with the INH to protect against peripheral sensory neuropathy. Before the administration
of treatment, patients underwent extensive adherence counseling and were encouraged to visit the
hospital if they developed adverse drug reactions.
Follow-up of patients was performed at
monthly clinic visits. During each visit, patients
were screened for adverse drug events, adherence
to treatment was emphasized, and a 30-day supply
of medicine was provided. Treatment was interrupted for clients who developed TB symptoms
or hypersensitivity to INH. Clients with TB symptoms were referred to TB services for diagnosis,
and, if found to have active TB, they were referred
to the TB program for initiation of treatment as
per the national TB protocol.

Provision of CTX Prophylaxis to HIVPositive Patients
All individuals found to be HIV-positive through
VCT were informed of the availability of CTX PT.
Clients were then screened for eligibility to start
CTX PT using a simple flowchart. A medical history and physical examination were conducted to
determine the client’s tolerance to CTX or other
sulpha-containing drugs and to exclude anemia
and existing opportunistic infections that could be
prevented with CTX (e.g., toxoplasmosis, bacterial
infections, or Pneumocystis pneumonia [PCP]).
HIV-positive individuals who met the established
criteria and who wished to receive CTX were given
a daily dose of 960 mg (one double-strength or two

a
Contraindications for CTX have since been revised by WHO. Revised guidelines are available at http://www.who.int/hiv/pub/
guidelines/ctx/en/index.html.
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• Have no contraindications for receiving CTX
(e.g., allergy, anemia, hepatitis, pregnancy in
third trimester)a
• Have no allergy to any sulpha-containing drugs
• Be classified as WHO HIV stage II, III, or IV
with no opportunistic infections that could
have been prevented by CTX
Patients presenting with signs suggestive of terminal AIDS were offered CTX but were not eligible to start INH PT. (The team decided to exclude
this population from TB prophylaxis, as it would
have been difficult to exclude active TB in those
patients.)

single-strength tablets). Clients were asked to collect a monthly supply of CTX at the health centers.
At each visit to the health center, the medical staff
(nurses and physicians) in charge of the HIV VCT
center monitored clients for drug toxicity, adherence
to treatment, and occurrence of clinically significant
events (e.g., opportunistic infections). Hemoglobin
and white blood cell counts were taken every six
months or when clinically indicated. Treatment was
interrupted for clients who developed an opportunistic infection that could be prevented by CTX
(e.g., toxoplasmosis, bacterial infections, or PCP) or
who reported an adverse event.

symptoms underwent evaluation, including a sputum smear examination for acid-fast bacilli (AFB)
and a chest X-ray. Patients identified as having
active TB were provided with appropriate TB treatment and referred to HIV counseling and testing
for an HIV test.

Provision of HIV VCT to TB Patients

Project Findings

All TB patients visiting the TB clinics were educated and informed about HIV (i.e., transmission,
symptoms, and management of HIV-related illnesses), the interaction between TB and HIV, and
the benefits of VCT and were offered HIV counseling and testing. Patients who agreed to be tested for
HIV were referred to VCT services using a referral
card. TB patients received pre- and posttest HIV
counseling and were asked to bring their spouses or
partners to the center for TB screening. All patients
were also informed about existing services for the
prevention of opportunistic infections with CTX.

Identification of Secondary Cases of TB
Spouses or partners of HIV-positive TB patients
are more likely to be HIV-positive than spouses
or partners of HIV-negative TB patients, and are
therefore also at an increased risk of developing or
acquiring TB if in contact with an infectious case
of TB. For this reason, all TB patients were asked
to bring their spouses or partners and anyone else
in their household to the TB clinic for screening.
All household members who came in for screening were provided with information about TB (i.e.,
symptoms, transmission, and diagnosis) and TB/
HIV interaction. Patient contacts displaying TB
584

Cost of Care
All treatment was provided at no charge to the
patients. FHI/IMPACT-Rwanda supported the
pilot project cost, which included medication,
chest X-rays, examinations, laboratory work,
forms, and so on.

INH and CTX PT: Patient Enrollment
and Characteristics
Between December 2001 and May 2003, 6,551 people living with HIV were offered TB and/or opportunistic infection PT at the two hospitals (2,751 in
Kabgayi and 3,800 in Rwamagana). Figure 2
shows the enrollment trend over the three years
of the project.
At the time of this writing, the first 2,394 people living with HIV expected to have completed a
nine-month course of INH PT. Results and lessons
learned from this project are based on this patient
population. Of these 2,394 patients, 206 were
excluded from the analysis for a variety of reasons.
More than half the patients in Rwamagana
Hospital were residing outside the province where
the hospital is located, with the majority of them
residing in Kigali, about 60 km from Rwamagana
(Table 1). In Kabgayi, however, 68% of patients
were residing in the same province as the hospital.
The differing distances of the patient populations
from the treatment sites were expected to have an
impact on adherence to treatment.
The sociodemographic characteristics of patients
enrolled in the project are represented in Table 2.
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Figure 2. Client enrollment per site per year

Table 1. Province of Residency among Enrolled Clients by Project Site
Site
Province of Residency

Kabgayi
N (%)

Rwamagana
N (%)

Gitarama

568 (58)

–

Kigali

207 (21)

813 (67)

Butare

12 (12)

–

–

243 (20)

Other

83 (9)

151 (13)

Total

981 (100)

1,207 (100)

Kibungo
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Table 2. Sociodemographic Characteristics of Clients Receiving Preventive Therapy
Site
Kabgayi

Rwamagana

N (%)

N (%)

Total
N (%)

725 (74)
256 (26)

934 (77)
273 (23)

1,659 (76)
529 (24)

6 (1)
102 (10)
447 (46)
314 (32)
89 (9)
22 (2)
35.3
34

7 (1)
102 (8)
529 (44)
450 (37)
107 (9)
9 (1)
35.6
35

13 (1)
204 (9)
976 (45)
764 (35)
196 (9)
31 (1)
35.4
35

Level of education
Never been to school
Primary school
Secondary school
University
Not specified

70 (7)
586 (60)
96 (10)
2 (0.2)
227 (27)

116 (10)
538 (45)
206 (17)
6 (0.5)
341 (28)

186 (9)
1,124 (51)
302 (14)
8 (0.4)
568 (26)

Marital status
Single
Married
Widowed
Divorced/separated
Not specified

102 (10)
364 (37)
426 (43)
68 (7)
21 (2)

92 (8)
436 (36)
550 (46)
112 (9)
17 (1)

194 (9)
800 (37)
976 (45)
180 (8)
38 (2)

981

1,207

2,188

Characteristics
Sex
Female
Male

Age group
<15
16–25
26–35
36–45
46–55
56+
Average age (years)
Median age (years)

Total

Table 3. Client Distribution by WHO HIV Clinical Stage
Project Site
HIV Clinical Stage

Kabgayi
N (%)

Rwamagana
N (%)

Total
N (%)

I

567 (58)

754 (62)

1,321 (61)

II

270 (28)

253 (21)

523 (24)

III

137 (14)

200 (17)

337 (15)

974 (100)

1,207 (100)

2,181 (100)

Total
586
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Table 4. Client Distribution by Preventive Therapy Regimen
Site
Type of Treatment

Kabgayi
N (%)

Rwamagana
N (%)

Total
N (%)

INH only

608 (62)

818 (68)

1,426 (65)

INH + CTX

264 (27)

270 (22)

534 (25)

CTX only

109 (11)

119 (10)

228 (10)

981 (100)

1,207 (100)

2,188 (100)

Total

The majority of clients were female and between the
ages of 26 and 45. Most of the clients (51%) had at
least a primary (elementary) level of education.
With regard to HIV clinical stage, 61% of clients were at stage I, 24% were at stage II, and 15%
were at stage III (Table 3).
Enrollment in INH PT
Out of the 2,394 patients who were screened for
eligibility to start INH PT, 434 were excluded. The
main reasons for exclusion were presence of TB
symptoms (74%), past episodes of TB (33%), and
abnormal liver functions (1%). All 1,960 of those
found to be eligible were given INH PT.
Enrollment in CTX PT
Of the 2,391 patients screened for eligibility to start
CTX PT, 1,632 HIV-positive clients did not meet the
stated criteria. The majority of clients were excluded
because they were at WHO clinical stage Ia (79%).
Other reasons for exclusion included the presence of
opportunistic infections (2%), first trimester of pregnancy (1%), and anemia (0.4%). In total, 762 HIVpositive individuals were given CTX prophylaxis.

Total Enrollment in INH and CTX Prophylaxis
A total of 2,188 clients were given one or both
treatment regimens (Table 4). A total of 206 (8.6%)
clients were not eligible to receive either of the two
prophylactic regimens. Sociodemographic characteristics of ineligible clients did not differ significantly from those of clients who were found to be
eligible to receive prophylaxis.

Patient Outcomes at Six and Nine
Months of INH and/or CTX Prophylaxis
An assessment of treatment adherence was performed at six and nine months. The adherence rate
was defined as the percentage of people who spontaneously came back to the clinic every month to
collect their medications.
Six months after initiating PT, the percentages
of clients who were adhering to INH prophylaxis,
INH and CTX prophylaxis, and CTX prophylaxis
were 73%, 65%, and 54%, respectively (Table 5).
Adherence was higher among patients receiving
INH compared to those receiving CTX (73% versus 54%, respectively). Treatment interruption was
mostly due to loss to follow-up.

a
WHO guidelines state that patients in WHO stage I HIV disease can be started on CTX prophylaxis when
their CD4 count is below 200 or 350 cells/mm3. However, CD4 testing was not readily available at the time
the pilot project was initiated.
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Table 5. Six-Month Outcomes for Clients on Preventive Therapy
Outcomes
Type of Treatment
(# of Patients Started
on Treatment)

Adherent
%

Lost to
Follow-Up
%

Deceased
%

Dropped Out
%

INH (1,426)

73

25

0.7

2

INH + CTX (534)

65

27

3

4

CTX (228)

54

39

3

4

CTX = cotrimoxazole; INH = isoniazid

Table 6. Six-Month Outcomes for Clients on Preventive Therapy by Treatment Site
Outcomes
Type of Treatment
(# of Patients Started
on Treatment)

Adherent
%

Lost to
Follow-Up
%

Deceased
%

Dropped Out
%

INH (608) Kabgayi

72

23

1

4

INH (818) Rwamagana

73

26

0.6

0.6

INH + CTX (264) Kabgayi

65

28

2

6

INH + CTX (270) Rwamagana

66

27

4

3

CTX (109) Kabgayi

60

35

2

3

CTX (119) Rwamagana

49

44

3

4

CTX = cotrimoxazole; INH = isoniazid

A comparison of treatment outcomes for CTX
prophylaxis at Kabgayi and Rwamagana (Table 6)
indicates that the loss to follow-up was greater in
Rwamagana compared to Kabgayi (44% versus
35%). At each site, there was a higher rate of treatment interruption for CTX prophylaxis among
patients whose place of residence was Kigali (53%
in Kabgayi and 62% in Rwamagana).
After nine months, 58%, 49%, and 41% of patients
were still adherent to INH, INH and CTX, and CTX
only treatment, respectively (see Table 7). Overall,
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the rate of clients who remained adherent to treatment decreased consistently over time, regardless of
the treatment regimen received (see Figure 3).

Causes of Treatment Interruption
Treatment interruption was due to voluntary dropout, patient death, or the decision by a health-care
worker to stop treatment because of the presence
of side effects or the development of opportunistic infections known to be prevented by CTX. If
treatment was interrupted for the latter reason, the
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Table 7. Nine-Month Outcomes for Clients on Preventive Therapy
Outcomes
Type of Treatment
(# of Patients Started
on Treatment)

Adherent
%

Lost to
Follow-Up
%

Deceased
%

Dropped Out
%

INH (1,426)

58

36

1

3

INH + CTX (534)

49

36

4

6

CTX (228)

41

48

4

5

80

73

70
58

54
49

50
Percent

6 month
9 month

65

60
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41

40
30
20
10
0

INH

INH  CTX

CTX

CTX cotrimoxazole; INH  isoniazid

Figure 3. Adherence rate at six and nine months by treatment regimen
patient was evaluated and given the proper treatment for his or her condition.
Information regarding the causes of treatment interruption due to voluntary dropout was
obtained through informal discussions with clients,
information provided by clients to groups for people living with HIV, and from qualitative research
conducted by the project team in February 2003

among people who participated in the preventive
treatment project. The survey included 38 clients who completed the nine-month regimen of
INH prophylaxis and six people who voluntarily
dropped out of the program. The following reasons for treatment interruption were recorded:
• Transportation costs, especially for patients living
in provinces outside those of the project sites.
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• Availability of CTX from sources other than
the project hospital. Some clients receiving
CTX treatment obtained their drugs from
another source (e.g., other health services/projects or private pharmacies). Those who bought
the drugs directly from private pharmacies
claimed that the cost of the drug was cheaper
than the cost of monthly transport to and from
the project sites. Some associations of people
living with HIV, nongovernmental organizations, and other health structures in Rwanda
have been providing CTX. Many patients previously enrolled in the projects at Kabgayi or
Rwamagana began procuring drugs from these
other sources because of their closer location.
• Perceived lack of health improvement, especially
in patients with advanced-stage HIV infection.
• Lack of motivation to take medicine for long
periods of time, especially when the patient does
not feel sick (e.g., patients in WHO stage I).
• Lack of information (e.g., patients stopped taking their medication because they began taking
medications to treat another illness).
• Fear of discrimination. Some patients stopped
treatment because they did not want their
neighbors to find out they were HIV-positive.
They felt their status might be discovered due to
their frequent visits to the project sites.
• Fear of rejection or reprisal. Based on previous
experiences, irregular patients assumed that
they would be rejected or punished if they were
late coming to the clinic and decided to just
stop treatment instead of facing punishment. In
some cases, patients were put off by the disrespectful language and/or attitudes of some providers toward their patients.

Cases of TB Identified during
the Intervention
During the intervention, 22 cases of TB or suspected cases of TB were identified, justifying the
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discontinuation of INH treatment for those already
receiving INH prophylaxis. Of those, 13 cases were
identified in Kabgayi and 9 cases in Rwamagana.
All 13 of the patients in Kabgayi were receiving
INH plus CTX prophylaxis. Among the nine cases
identified in Rwamagana, seven were receiving
INH plus CTX and two were receiving CTX only.
Four of the seven clients with TB or suspected TB
were found to have TB symptoms at their initial
evaluation. Thus, INH treatment should not have
been initiated in these patients.

Client Perceptions of the Services
Information about clients’ perceptions of the services they received was collected from the following sources:
• Client testimonies recorded by health-care
workers during regular meetings
• Interviews of seven patients from Kabgayi during the baseline survey conducted to find out
more about the management of people living
with HIV under the ART program5
• A qualitative survey given to a selected number
of people living with HIV who were enrolled in
the project, on factors influencing their adherence to treatment4
According to the results of the qualitative
survey, which was conducted after patients had
received education and counseling, the general
expectation among patients prior to treatment
was that chemotherapy would enable them to live
longer and prevent the occurrence of opportunistic infections, especially diarrhea and skin rashes,
or that therapy would at least reduce the intensity
of the condition. According to the same survey,
the majority of clients knew that the medications
they would receive were to prevent TB and other
opportunistic infections but not to cure HIV/
AIDS. However, there were a small number of
patients who thought that the prophylaxis medications could cure HIV/AIDS. The majority of
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patients felt that the availability of prophylaxis
was a good thing, and suggested that in order to
increase access, distribution should be located
closer to clients’ homes and health centers. Others
suggested an increase in the variety of medications
available for people living with HIV.

screened for TB at TB clinics.a It is also possible
that partners failed to come in for screening due
to fear of stigma or HIV screening, or because they
were just not told to do so by their partners.

Increasing Access to HIV Counseling and
Testing Services for TB Patients

Following is a summary of the principal challenges experienced during implementation of the
intervention:
• Monitoring of clients (e.g., education, distribution of medications) was carried out by trained
personnel (training of nurses and counselors
was conducted as part of the pilot). However,
when trained personnel were on leave, they
were for the most part replaced by untrained
personnel.
• A rapid review of chest X-ray films revealed
that a good number of films were of poor quality and had been improperly stored.
• The quality of the services provided diminished
as the number of clients increased. Therefore, it
was difficult to follow up properly with patients
who didn’t show up at the clinic.
• For about nine months at the beginning of the
intervention, Rwamagana Hospital was dealing
with a shortage of doctors; there were only two
doctors stationed at the facility (one of whom
was the director of the health district, who was
never at the site because of his multiple responsibilities). Consequently, the intervention suffered due to the lack of critical involvement by
doctors, especially in the area of patient enrollment. For instance, the resultant delays in the
reading and interpretation of X-rays resulted in
patients being lost to follow-up before a decision could be made about whether or not they
should receive INH.

Active TB Testing among Partners
of TB Patients
Only two patients out of all those enrolled brought
their partners in for TB testing. An inquiry about
the low uptake of this service revealed that many
partners didn’t feel compelled to come to the TB
clinic since they didn’t have TB symptoms. They
had learned from the PNILT campaign that only
people presenting with TB symptoms would be

a
At the time of the pilot project, the PNILT performed active screening only of children known to be in
contact with someone infected with TB. This strategy was later changed to include screening of all contacts, partially as a result of the poor uptake by partners during the pilot project.
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From September 2001 to March 2003, 347 cases of
TB were registered in Kabgayi Hospital. Among
the 347 cases, 166 (48%) accessed VCT services.
Of those tested, 51 (31%) were found to be HIVpositive. In Rwamagana, 220 cases of TB were registered, among which 149 (68%) were tested for
HIV. Of those tested, 49 (33%) were found to be
HIV-positive.
At the beginning of the project, some TB patients
did not access VCT services (especially in Kabgayi)
because of the requirement that all VCT clients pay
a fee of RWF300 (approximately US$0.50). These
TB patients thought the fee was too high considering the fact that they were receiving TB tests (e.g.,
AFB sputum smear) and TB drugs for free. As a
result, measures were taken to provide free VCT
services to TB patients, through the use of a form
indicating to the VCT providers that the patient
had been referred from the TB program.

Challenges of Integrating
TB and AIDS Care

• The drug procurement system experienced
various logistics problems. For instance, FHI/
IMPACT-Rwanda received the authorization
to purchase CTX manufactured by Pharmamed
through IDA. During the months of March
and May 2003, the manufacturer had production problems, which forced FHI to find other
ways of procuring CTX to avoid shortages.
• The pilot project attracted many patients who
came from different regions of the country.
Those patients were traveling every month to
Kabgayi or Rwamagana for follow-up visits
and medication provision. A good number of
patients with very limited resources mentioned
that most of the time they were not able to pay
for transportation or had to walk long distances
to get to Kabgayi or Rwamagana.
• The great demand for prophylaxis treatment
created a work overload among health-care
providers who were already overworked due
to staff shortages. They often found themselves
obligated to continue providing services until
late in the day.
• Providing prophylaxis treatment is psychologically draining; providers have to offer continuous counseling to many patients throughout
the day.
• The project did not have the resources to assist
the two hospitals in the therapeutic management of patients who developed opportunistic
infections other than TB during prophylaxis
treatment.
• Health information given to patients by providers was often incomplete. Providers usually
failed to emphasize the importance of the intervention, to remind patients during follow-up
visits of the length of the treatment, to encourage them to continue treatment, and to talk to
them about possible side effects.
• When the intervention was first implemented,
there were many deficiencies regarding
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determination of clinical stages of HIV, adhering to eligibility criteria, and data recording on
patient cards. Errors in staging and eligibility
were corrected during supervisory activities,
and the initial patient card was replaced with
another card in the form of a checklist.

Lessons Learned
The following lessons were learned during the implementation of this project:
• Prophylaxis treatment (INH and CTX) is feasible
given adequate training of doctors and nurses
with respect to inclusion criteria and with a minimum level of clinical and biological monitoring.
• INH and CTX prophylaxis services have been
well received by care providers and people living with HIV, without the presence of a mediadriven public information campaign. There is a
clear demand for prophylaxis treatment among
people living with HIV.
• Implementing an intervention such as this
requires additional human resources and
infrastructure.
• Individual patient cards that contain all the information to be verified in a checklist format help
guide nurses in the selection of eligible patients.
This is needed in addition to a flowchart posted
on the wall or on the caregiver’s desk.
• The training of providers does not always guarantee that those trained will be involved in the
implementation of the intervention. During the
pilot phase, there was a large turnover of trained
personnel, which led to spontaneous training sessions and difficulties with regard to protocol compliance. The implementation of such an intervention requires the involvement of senior staff at the
institutions that will be providing services, as well
as a mechanism for ensuring continuous training
and mentoring of staff.
• An intervention such as this will consist not only
of the medical management of people living with
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there was almost no partner uptake. Partners who
refused to be tested did so in compliance with the
PNILT recommendation that only individuals
with TB symptoms should be screened for TB.
There is a great deal of interest (more than
expected) in prophylaxis among people living with
HIV, as was demonstrated by the high demand
for services after the launch of the pilot intervention, especially among those living far away from
the pilot sites. The number of registered clients
seeking PT was far greater than expected at the
time of project implementation.
A large influx of patients can compromise the
quality of service. In the pilot project, for instance,
little time was dedicated to each patient during
visits, and patient cards were usually filled out in a
hasty fashion.
Interventions such as this will likely attract many
people living with HIV who are, for the most
part, indigent. This greatly affected the project
hospitals’ social budgets (funds designated to pay
for indigent health fees), given that fees for other
services (not covered by the project) sought by
enrolled patients were covered by the hospitals’
social budgets.
Adherence may decrease over time. Adherence
was higher for the six-month INH treatment
compared to the nine-month treatment.
Information, education, and communication
are critical to project success. Messages diffused
through information, education, and communication programs encouraged patients to access
prophylaxis services at Kabgayi and Rwamagana
and emphasized the importance of adherence to
treatment.
Data collection tools could be improved by
including reasons for ineligibility, weight at
enrollment, and the names by which patients are
called in their communities.
Feedback from TB clinics would provide a more
complete picture of the TB situation. It was not
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HIV but also of the psychological management
of clients. In the pilot project, service providers
spent a large share of their time providing psychological support to clients.
Regular review of monthly statistical reports from
sites, along with effective supervision (in this
case, by the PNILT), are key to facilitating the
rapid identification and correction of problems
(e.g., cases of clients with TB signs under INH
prophylaxis treatment, patient cards filled out
incorrectly, and TB patients who had difficulties
accessing VCT services).
Supervision activities help service providers
improve their management of patients and level
of organization (e.g., record keeping and improving patient flow). Supervision can also help providers implement a better strategy for the application of the prophylaxis protocol.
Informing communities about the intervention
is critical. Providers indicated that some patients
came to the hospital thinking they would receive
ARVs or that by accepting prophylaxis treatment
they would benefit from other services.
Interventions such as this can help strengthen
national TB control activities in the hospitals
involved, through close supervision of the management of TB patients.
Prophylaxis treatment is needed for children.
Patients prefer a decreased pill burden. In this
project, patients preferred the 960 mg CTX over
the 480 mg pills and the 300 mg INH over the
100 mg pills.
The high number of HIV-positive patients
from Kigali who sought prophylaxis treatment
in Rwamagana and Kabgayi demonstrates that
there is a great need for prophylaxis services in
the capital.
Greater clarity and coordination are required in
the area of TB testing for partners of TB patients.
Despite promoting the importance of having
partners of TB patients access TB testing services,

possible to perform a follow-up of clients who
presented with TB symptoms to determine
whether they really had TB, given that the system was not set up to receive feedback from the
TB clinics on patients who were referred for TB
screening. As a result, there was no confirmation of the number of referred cases who turned
out to have active TB.

•

•

Recommendations
Based on the findings from this intervention, the
following recommendations were made to the
Ministry of Health:
• Kabgayi and Rwamagana Hospitals should continue offering INH and CTX prophylaxis, while
putting a strong system in place to follow up
with patients who do not return for continued
treatment.
• INH and CTX prophylaxis services should be
offered in other health facilities that meet the
following minimum requirements:
– Have enough trained and competent personnel to perform the following tasks:
■ Administer prophylaxis
■ Screen and manage TB cases
■ Conduct regular monitoring of clients,
even outside health facilities, to avoid TB
cases being treated with an inappropriate
regimen (e.g., monotherapy)
■ Provide HIV/AIDS counseling
– Have funding available to cover medication
needs
– Be able to provide biological follow-up (e.g.,
hemoglobin level, white blood cell counts,
and liver function)
– Have access to reliable X-ray services and to
trained staff able to interpret X-ray films and
exclude active TB
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– Have a doctor on staff for INH prophylaxis
prescription
The health facility should receive the approval
of the PNILT prior to introducing INH prophylaxis treatment.
The PNILT, in collaboration with its partners, should look for ways to conduct a study
among patients who were under INH prophylaxis treatment to determine the incidence
of TB and conduct a drug sensitivity test on
any isolates coming from patients who have
undergone INH PT. It is recommended that a
study also look at the number of patients who
develop opportunistic infections while on CTX
prophylaxis.
The Ministry of Health and IMPACT-Rwanda,
in collaboration with their partners, should
develop information, education, and communication programs to inform communities about
the nature of the intervention, the benefits of
the program, and the importance of adhering to
the program.
Health facilities that offer prophylaxis treatment should also manage opportunistic infections that develop during treatment. Ideally,
patients with opportunistic infections would
receive ART as well.
Health facilities that offer INH prophylaxis
should be able to screen for TB. They should
systematically refer clients excluded from prophylaxis treatment to TB screening services.
INH prophylaxis treatment should last six
months, as recommended by WHO, instead of
nine months. There is no significant additional
benefit from three extra months of treatment,
considering that clients may experience side
effects and be more likely to drop out between
six and nine months.
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Rethinking Approaches to
HIV Prevention
Marie Laga

I

n the 1980s, during the first decade
of the HIV pandemic, the main focus of the
international community’s response was prevention of new infections, as well as psychosocial
support and care for people living with HIV. The
“discovery” of combination antiretroviral therapy
(ART) in the mid-1990s transformed HIV from a
deadly infection into a chronic, treatable condition. This profound change had major implications for global response efforts. In early 2000, the
international community and grassroots organizations issued a call to make life-saving drugs available to the majority of people living with HIV in
the developing world. The “3 by 5 Initiative” was a
joint effort led by the World Health Organization
(WHO) and major international donors, partners,
and nongovernmental organizations (NGOs)
that committed to making antiretroviral (ARV)
medications available to three million people
by the year 2005. By December 2006, WHO
announced that an estimated two million people
were accessing ARVs in low- and middle-income
countries, compared to only 400,000 in 2003.1
Even though the original 3 by 5 target was not
reached, the recent increase in access to treatment
is an unprecedented success story in view of the

multiple challenges faced by those countries with
the highest HIV burdens.
Scaling up ART and keeping millions of
patients on treatment will be sustainable and feasible only if the number of new HIV infections
can be dramatically reduced in the next 10 years.
On a global scale, it took the international community and individual countries several years
to make ART available to 1.3 million people in
sub-Saharan Africa. Yet in 2007 alone, 1.7 million people in sub-Saharan Africa became newly
infected with the virus.1,2 At the country level,
Uganda made ART available to an estimated
100,000 people during a period of five to seven
years, yet in 2006 an estimated 135,000 new
infections occurred in the country.3 If this trend
in new infections cannot be reversed, treatment efforts will never be able to reach all those
infected and HIV-related mortality will increase
once again.
Since ART reduces an individual’s viral load,
treatment scale-up could theoretically have a beneficial impact on prevention. However, lessons
learned from developed countries, mainly among
men who have sex with men (MSM), indicate that
the large-scale introduction of ARVs does not
HIV Prevention, Counseling, and Testing
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automatically result in prevention gains.4 In this
population, the anticipated benefit of individual
viral load reduction was outweighed by an increase
in risky behavior due to increasing numbers of
HIV-positive men returning to sexual activity. The
impact of treatment on prevention in developing countries is not yet known, but it is likely that
similar trends as seen in developed countries will
occur if attention to prevention is not intensified.
With greater access to treatment, it is expected that
millions of people living with HIV in developing
countries will resume sexual activity because of
their improved health status. Even if the frequency
of unsafe sex does not increase among those
receiving ART (current data on this are inconclusive), the pool of people living with HIV who can
transmit the virus will keep increasing as a result of
decreased mortality.
The question at this stage should not be whether
treatment is a greater priority than prevention or
vice versa, but rather how treatment and prevention
can be jointly scaled up to achieve the maximum
benefits of both. Mathematical modeling indicates
that a scenario in which treatment and prevention are scaled up simultaneously can decrease the
number of new HIV infections as well as avert the
greatest number of deaths among those living with
HIV.5 Interestingly, modeling also indicates that a
treatment-centered approach prevents the fewest
new infections and also the fewest AIDS-related
deaths (see Figure 1).
Prevention is ultimately our greatest weapon
against escalating rates of new infections and can
also help make treatment efforts more accessible
and sustainable. However, any efforts to strengthen
prevention should go hand in hand with treatment
scale-up. All possible synergies should be sought to
ensure that the outcomes of combined efforts are
greater than those of an increased focus on either
prevention or treatment alone.
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Obstacles to Prevention
Scale-Up
Despite increased international recognition that
prevention efforts should be intensified, the reality on the ground is bleak. The 2003 report by the
Global HIV Prevention Working Group reported
that less than one in five people at risk of HIV infection had access to basic HIV-prevention services.6
In a more detailed report issued by the United
States Agency for International Development
(USAID) and the Joint United Nations Program
on HIV/AIDS (UNAIDS) in 2004, similarly low
rates of coverage for prevention interventions were
reported, even considering wide variations in coverage by region.7 According to this report, only 0.1%
of people in Southeast Asia had been counseled or
tested for HIV. In Eastern Europe, only 7.6% of
injecting drug users (IDUs) had access to harmreduction programs, and in sub-Saharan Africa,
less than 5% of pregnant HIV-positive women had
access to prevention of mother-to-child transmission of HIV (PMTCT) services.
While the situation may have improved somewhat since 2004, prevention coverage is still largely
insufficient. A 2007 WHO report indicated that in
the 10 countries with the highest number of HIVpositive pregnant women worldwide (nine African
countries and India), PMTCT coverage ranged
from less than 1% in Nigeria to 25% in South
Africa. Five of the countries still had coverage rates
of less than 10%.1
There are many reasons why the prevention response continues to fall far short of what is
needed. We still have no magic bullets or so-called
“technological fixes,” such as a protective vaccine.
HIV prevention deals with issues such as sex, condoms, sex workers, and drug use, topics that are
considered “uncomfortable” by many individuals
and societies. Cultural, religious, or social resistance
to talking about these issues stifles efforts to provide
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Figure 1. Projected new adult infections and total adult deaths in sub-Saharan Africa, in millions,
by the year 2020: Impact of three scenarios compared to baseline
Source: Salomon et al.5
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access to a full range of prevention strategies. Lack
of leadership at all levels and lack of activism that
specifically focuses on prevention are key reasons
why many countries have not made progress in the
area of prevention. Many countries also lack the
necessary technical, human, and financial resources
to implement large-scale prevention programs, such
as PMTCT, that are wholly dependent on functional
health-care systems. Adding to these challenges
is the fact that there is still disagreement among
experts on what works and what doesn’t, especially
with regard to the best mix of prevention interventions for high-prevalence countries.
It is important to recognize the potentially negative effect that treatment scale-up efforts could
have on prevention. A great deal of energy can easily be absorbed by treatment programs, resulting
in an even greater reduction in the scale of prevention activities.8 For instance, in sub-Saharan
Africa, many organizations that have traditionally
been involved in community mobilization and
prevention efforts, such as grassroots organizations and NGOs working with people living with
HIV, have now shifted their entire focus to ARTrelated patient support.

their HIV status, and in Uganda these figures were
12.7% and 23.5%, respectively.1 This level of coverage may still be unsatisfactory, but it represents a
major increase compared to the era when ART was
not yet widely available.
The growth and expansion of chronic-care services for patients receiving ART also represents a
new opportunity to expand prevention within the
health-care setting. During health workers’ multiple
interactions with patients, prevention messages can
be included as part of discussions about medication
adherence, side effects, and other treatment-related
issues. It will be important for ART programs to
find innovative ways to fully integrate prevention
with treatment-related activities. Perhaps even
more importantly, an increasing number of HIVpositive people who are aware of their status and
are experiencing improved health as a result of
treatment can become agents for change and advocates for prevention among their peers.

Opportunities for the
Scale-Up and Intensification
of Prevention Efforts

Since the beginning of the AIDS pandemic, research
has focused on identifying biomedical prevention
technologies to prevent sexual and mother-to-child
transmission (MTCT) of HIV. In regard to MTCT,
the PMTCT package (ARVs for mother and baby,
avoidance of breast-feeding, and C-section delivery) has been successful in nearly eliminating this
type of transmission in developed countries. Yet
millions of children in developing countries still
acquire HIV from their infected mothers, mainly
due to program failure (i.e., the inability to provide
the best care package) rather than the failure of the
technology itself. The main biomedical technologies that have been developed to prevent sexual
transmission are summarized in Table 1.

Despite the many obstacles to the scale-up of prevention, there are now more opportunities than
ever before to intensify prevention efforts. At the
level of international policy, there have never been
so many resources available to fight HIV/AIDS,
and commitments to greater investments in HIV
prevention are growing. In high-prevalence countries, access to life-saving drugs has broken the
cycle of death and dying and is undoubtedly an
incentive for the uptake of HIV testing. A 2007
demographic health survey from Kenya indicated
that 13.1% of all men and 18.2% of women knew
602

Development and
Application of New
Prevention Technologies
PMTCT
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Intervention

Prevention Mechanism

Current Status / Perspectives

Vaccines

Induce cellular and/or humoral immunity

Two phase III trials have had no
effect.
Future success is uncertain.9,10

Microbicides

Provide chemical barrier in vagina/cervix

Two phase III trials had negative
results.
Earliest ongoing trial will end in
2009.11-13

Diaphragm

Provides mechanical barrier to the cervix,
which is thought to be the most important
point of entry of HIV

One phase III trial (2006) resulted
in “no additional protective effect.”14

Adult male circumcision

Removes the foreskin of the penis, which
has a high concentration of cells with HIV
receptors; also thickens the skin of the
glans

Three definitive trials showed a
protection effect of 48%, 53%, and
61% among circumcised males.15-17

Preexposure prophylaxis

Low dose of tenofovir or Truvada (emtricitabine + tenofovir) taken as prophylaxis
could prevent entry of the virus when a
person is exposed.

Trials have just started.
Results are not expected before
2010.13

Herpes simplex virus
type 2 suppressive
therapy

Herpes simplex virus type 2 (HSV-2) is
believed to enhance the transmission
of HIV by increasing transmissibility (via
increased viral shedding) of the virus and
one’s vulnerability to infection. HSV-2
suppressive therapy reduces the level of
herpes virus and may consequently have
an effect on HIV transmission and/or
acquisition.

Large phase III trial showed no protective effect of acyclovir suppression on HIV acquisition.18

Preventive Vaccines
When it comes to prevention of sexual transmission, the picture is very different from PMTCT.
Interrupting sexual transmission of HIV remains a
huge scientific challenge. The search for a preventive vaccine started in the mid-1980s, immediately
after the discovery of HIV, and several candidates
have been developed and evaluated in phase III trials. Unfortunately, none of the vaccines developed
so far has demonstrated a protective effect9,10 and
the probability of having an effective protective vaccine within the next 10 years is now extremely low.

Female Microbicides and Other
Female-Controlled Methods
The search for a female microbicide (i.e., a vaginal
gel containing an anti-HIV substance) may be more
promising in the short term, but success remains
elusive. After the earlier failure of trials involving
nonoxynol-9,11 two more recent trials of a cellulose
sulfate gel were ended when results indicated that
the gel may have increased the risk of HIV infection
compared with the placebo.12 All phase III trials containing “second generation” products except for Pro200 gel have been interrupted, and hopes are now
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Table 1. Overview of Biomedical Interventions to Prevent Sexual Transmission of HIV

Anti-HIV Microbicides: Paving the Way Forward
Jeremy Nuttall,a Saul Walker,b Caroline Galbreath,a Pamela Norick a
and Zeda Rosenberg a
International Partnership for Microbicides, United States
Department for International Development, United Kingdom

a

b

I

t is estimated that almost 33.2
million people worldwide are now living with HIV and that 68% of all adults
and children living with HIV reside in subSaharan Africa.1 Increasingly, women bear the
greatest impact of the epidemic, particularly in
developing countries. In sub-Saharan Africa,
women account for nearly 61% of the adults
who live with HIV.1 In several African countries, women 15 to 24 years of age are more
than three times more likely to be infected
than men the same age.2 In South Africa, one
in four women is infected by 22 years of age.3
These staggering statistics clearly demonstrate the urgent need for female-initiated
HIV prevention options suitable for use in
resource-limited settings. Microbicides are
products that that can be applied vaginally by
women to impede sexual transmission of HIV.
They can be formulated in a variety of ways,
including gels, films, vaginal tablets, sponges,
and intravaginal rings.
The following is a discussion of issues facing
the microbicide field regarding the creation of
a product that is proved to be safe and effective
and that can be made available to women who
are most in need of such an intervention.

Microbicides and Other
Prevention Strategies
Several microbicides have been tested, or are
currently being tested, in phase III clinical
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trials. These early-generation products are nonspecific compounds that work by electrostatically binding the virus and preventing it from
interacting with its target cells in the vagina
(i.e., entry inhibitors, such as polyanions).4 All
of these compounds are formulated in clear gels
and are intended to be applied vaginally just
prior to sex (i.e., they are coitally dependent). A
new generation of microbicides is now in development that consists primarily of products
based on antiretroviral (ARV) drugs specifically targeting HIV or the cells it infects. These
include reverse transcriptase inhibitors, entry
inhibitors, and chemokine receptor blockers.5
Microbicides are not designed to replace
other prevention strategies, but rather to add
to existing options and to increase overall
HIV prevention effectiveness, and potentially
address some existing prevention gaps. For
example, abstinence is not a viable option for
married women, those who wish to become
pregnant, or those involved in coercive sex.
Additionally, being faithful in a monogamous
relationship will not protect women with an
unfaithful partner from exposure to HIV. In
fact, in many countries, being a married and
monogamous woman is one of the highest
risk factors for HIV infection.6 And although
the consistent use of male or female condoms
is highly effective in preventing infection,7-9
women in many developing countries are not
able to insist that their partner use a condom.10
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Regulatory Issues
Microbicides are pharmaceutical products, and
therefore they must be approved and registered
by the drug regulatory authorities in the countries in which they will be marketed. In many
developing countries, obtaining regulatory
approval can be complicated due to the generally limited regulatory resources and experience
in these regions; also pathways to approval often
are unclear. Since microbicides represent a new
class of pharmaceutical product, the review and
approval process may require even higher levels
of resources and expertise.12 In fact, new pharmaceutical products in developing countries are
often approved on the basis of prior approval
and use in the United States or Europe.13
However, the ability to obtain registration of a
microbicide in Europe or the United States may
be affected by the context of its use in a given
population, since it is likely that a microbicide
will be only partially protective. In developed
countries, where the risk of HIV infection is relatively low and treatment for infected individuals is readily available, a risk-benefit assessment
of a partially effective microbicide may indicate
that there is insufficient benefit to support registration. In many developing countries, where
rates of HIV infection are high, a risk-benefit
assessment of microbicides is much more likely
to support registration.
To overcome some of these difficulties,
Article 58 of Regulation (EC) No. 726/2004
of the European Parliament and the Council
established a mechanism whereby the European

Medicines Agency (EMEA), in cooperation
with the World Health Organization, is able to
support authorities in developing countries by
providing a scientific opinion on certain medicinal products intended exclusively for markets
outside the European Union.14 However, this
procedure is still relatively new and has yet to
be used for products that have not been previously licensed elsewhere. Alternative processes, including the Conditional Marketing
Authorisation established by the EMEA
under Regulation (EC) No. 726/200415 and the
Notification of Compliance with Conditions
instituted by Health Canada,16 may also prove
useful for the registration of microbicides. Both
processes reduce the burden of clinical data
required for an initial registration, provided a
commitment is made to the provision of further
data postregistration; to date, neither process
has been applied to the registration of products
intended for use in developing countries.

hiv prevention, counseling,
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The ability of a woman to bear children is also
often critical to her status within her marriage
and within society,11 making neither abstinence nor condoms a practical option.

Introduction, Use, and Future Access
The potential of microbicides will only be
realized if they can be successfully and appropriately introduced into HIV prevention programs and used effectively by women and their
partners. With over 97% of people living with
HIV residing in low-income countries, 68%
of whom are in sub-Saharan Africa,17,1 microbicides hold the greatest potential benefit for
women in developing countries. However,
reaching these women will require early planning and timely mobilization of a network of
partners and resources. Microbicides will need
to be available in sufficient quantities to meet
demand, geographically accessible at appropriate distribution points, acceptable to women
(and to policymakers and health professionals),
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and affordable (both for end users and others
financing their use). As a point of comparison,
it is estimated that only one in five people living
in developing countries currently has access to
existing HIV-prevention services.18
To meet these prerequisites for success,
“access” must be integrated into microbicide
development from the early stages. Candidate
products must be designed to meet the needs of
women in developing countries, and therefore
market and product preference research should
be conducted to establish what these needs are.
Products must also be stable under the environmental conditions found in the intended country or region of use, and it must be possible to
manufacture them in large quantities and at a
low unit cost. Intellectual property agreements
should allow flexibility in manufacturing and
pricing strategies, thereby supporting affordability and sufficient and secure supply.
Epidemiological modeling can help guide
decisions on where and how to most effectively
introduce microbicides as part of a broader
array of HIV prevention tools. Such modeling
should be complemented by studies that seek to
understand the factors that may influence the
adoption and continued use of microbicides
by women. As promising microbicide candidates progress through clinical testing, studies
to estimate microbicide demand are needed to
inform the scaling of manufacturing facilities
and to mobilize necessary financing. Programs
also need to be developed, budgeted, and implemented to build demand for microbicides, to
distribute them, and to provide the necessary
services and education to support their use as
part of existing HIV prevention and reproductive health programs. A range of policy and
advocacy activities are needed to make the case
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for and to inform decisions on the introduction
of microbicides; these activities can be aided by
a range of stakeholders to help mobilize both
local and international support.
In anticipation of the first product that
is demonstrated to be safe and effective, the
microbicide field is progressively working on
issues of access,19 and efforts will continue to
gradually build an evidence base that can help
to mobilize partners, support successful introduction of future products, and ensure that
they provide the maximum health benefit.
Progress To Date
As of this writing, nonoxynol-9 (N-9) and
Carraguard are the only microbicides that have
completed phase III efficacy trials.20,21 Efficacy
was not demonstrated for either product, and
in fact, there was evidence that N-9 increased
the likelihood of HIV infection. Trials of cellulose sulfate (CS) were stopped early when
an interim analysis determined that cellulose
sulfate use was not protective and could possibly lead to an increased risk of HIV infection.22
Final analysis of the data showed, however, that
the difference in HIV seroconversions between
the CS group and the placebo group was not
statistically significant. Trials of another product, Savvy, were terminated early because of
an unexpectedly low HIV incidence and low
level of protection at interim analysis that
made it unlikely that the trial could adequately
demonstrate that Savvy protects against HIV.23
However, in a recent multi-center Phase II/IIb
clinical evaluating the safety and effectiveness
of BufferGel and PRO 2000, an approximately
30% reduction in the number of seroconversions was seen in the PRO 2000 gel (0.5%) arm,
although this was not statistically significant.24
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1.

trial of a gel formulation of tenofovir was initiated in May 2007 and is the first trial with
an efficacy endpoint to be conducted with an
HIV-specific, ARV-based microbicide. Over
the next few years, it is likely that phase III trials of other ARV-based microbicides will also
be conducted.
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Since the 1980s, several studies have shown that sexually transmitted infections (STIs) can enhance the
transmission of HIV, by increasing both the infectiousness of the virus and the host’s susceptibility.
For this reason, STI control has become an integral
part of HIV prevention.19-21 Only more recently has
attention been focused on the interaction between
a viral STI, herpes simplex virus type 2 (HSV-2),
and HIV, and it has become increasingly clear that
HSV-2 may be a more potent cofactor for HIV infection than any other STI. Recent studies have shown
that treatment of HSV-2 in HIV-positive patients
reduces HIV viral load in blood and genital secretions, thus reducing the infectiousness of the host.
However, there has yet to be evidence demonstrating that systematic suppressive therapy for HSV-2
infection in people living with HIV will reduce HIV
transmission. A large multicenter intervention trial
among women in Africa and MSM in the Americas
receiving HSV-2 suppressive therapy (800 mg of
acyclovir daily) did not show any reduction in HIV
acquisition among the treatment arm compared to
the placebo arm.18 So far, the only policy implication for findings related to the relationship between
HSV-2 and HIV has been the modification of the
WHO STI treatment guidelines, which now recommend that acyclovir be given for the syndromic
treatment of genital ulcers.22

Pre- and Postexposure HIV Prophylaxis
HIV postexposure prophylaxis (PEP) was initially
developed and evaluated as a strategy to reduce
acquisition of HIV among health workers who
had experienced needle sticks or other accidental exposure to potentially HIV-infected blood,
other body fluids, or tissue. The use of PEP for
prevention of sexual transmission in developing
countries is limited to very specific applications,
such as in cases of rape. Preexposure prophylaxis

(PrEP), the newest and most controversial
approach, includes the daily oral intake of tenofovir or Truvada by HIV-negative people with
the goal of reducing their susceptibility to HIV.
Large-scale phase III trials on the effectiveness of
PrEP are currently under way, and results are not
expected until at least 2010.

Male Circumcision
Male circumcision has been associated with a
reduction in HIV susceptibility in observational
studies since the beginning of the HIV pandemic.
In Africa, it has been found that circumcised men
and populations with high levels of circumcision
are less likely to be HIV-positive than are their
uncircumcised counterparts. Three recent randomized controlled trials in South Africa, Uganda,
and Kenya showed that circumcision provided a
45% to 60% rate of protection against HIV acquisition.15-17 These findings led to the recommendation
by WHO and other partners that
. . . male circumcision should be recognized
as an additional strategy for the prevention of
heterosexually acquired HIV in men . . . The
greatest benefits are expected to be in settings
with generalized heterosexual epidemics and
where levels of male circumcision are low.23
The challenge of implementing adult male circumcision (AMC) programs will lie in adequately
preparing health systems and communities so that
the provision and acceptance of AMC can become
more widespread.

The Meaning of EvidenceInformed Prevention
Prevention planning should be evidence informed,
meaning that approaches are based on two levels of
evidence. The first level of evidence ensures that the
response matches the dynamics of the epidemic (i.e.,
what we know about the epidemiology of the target
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Figure 2. Distribution of the percentage of incident cases by mode of exposure
Source: Reprinted with permission from Gouws et al.25

population). The second level of evidence confirms
that the choice of strategies is based on their efficacy
and effectiveness (i.e., what we know from science).24

The Value of Epidemiological Evidence
Epidemiological information should form the basis
of every national prevention strategy. Prevention
programs can be successful only if they appropriately
respond to the specific characteristics of the populations they serve. For this reason, a thorough understanding of the epidemiologic spread of the virus in a
particular setting is essential.26 Mismatches between
610

epidemiological patterns and prevention investments
are common. For example, in Mexico, although the
majority of new infections occur in MSM, most prevention interventions are directed toward the general
population and young people. In Ghana, HIV is still
largely concentrated among female sex workers and
their clients, but only a small portion of the prevention efforts target this group.27,28
The question that must be asked is, “Where
and among whom are the new HIV infections
occurring?” Classic surveillance methods, such as
measuring prevalence among pregnant women

From the ground up: Establishing a Framework for Success
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Individual Risks for HIV Infection

Figure 3. Model for HIV risk in southern Africa
Source: Reprinted with permission from Beyrer.30

or groups at higher risk at regular intervals, give
only partial answers to this question.29 It is important that countries use all existing data, including
behavioral data and population-based surveys, to
arrive at the best possible understanding of the
nature of the local epidemic. Unfortunately, there
are no reliable technologies to directly measure
incidence. The use of simple models correlating
prevalence and behavior data has been shown to
be helpful in achieving a better understanding of
local HIV epidemics, a finding that can be directly
applied to prevention planning.25 As illustrated in
Figure 2, the majority of new infections in Kenya
occur in “low-risk heterosexuals,” referring to
HIV-discordant couples. But interestingly, sex
workers and their clients, as well as MSM, make up
a significant proportion of those newly infected. In
Thailand, which has a concentrated epidemic, data

indicate that most new infections occur among
MSM and the general population, in contrast to the
early 1990s when HIV was spread predominantly
among sex workers and their clients. This type of
detailed information can help countries to better
prioritize their prevention efforts, and ensure there
is a greater focus on groups that have historically
not been targeted, such as MSM in Kenya or discordant couples in Thailand.

The Value of Scientific Evidence
Sexual transmission of HIV is influenced by a range
of factors, from individual behavior to environmental factors, as represented in Figure 3. Prevention
programs should therefore include a set of biomedical, behavioral, and contextual interventions, which
are often interrelated and context-specific. Providing
evidence for the effectiveness of these interventions
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is often a complex and difficult task (with the exception of biomedical prevention tools, for which randomized controlled trials are the gold standard).
Several systematic reviews on the effectiveness of
HIV prevention strategies have been published,21,28,31,32
yet their relevance to prevention program planning
has remained limited (with the possible exception of
needle-exchange programs).33 The main reasons for
this limited impact include the following: (1) evidence is largely incomplete, because most studies
are discarded due to invalid methodology; (2) most
evidence addresses one single intervention, not a
package of interventions or a complete program;
and (3) it is unclear how findings from one research
setting are applicable to other settings in other parts
of the world. Yet the absence of perfect evidence
should not be an excuse for delaying action or failing to implement large-scale prevention programs.
The need for intensified prevention efforts is too
urgent to await conclusive scientific evidence before
taking interventions to scale.
In addition to information about local epidemics and scientific evidence (whether conclusive or
not), there is an increasing amount of program
data available that should be analyzed and used
to inform program planning and implementation. Every prevention program should also pay
more attention to monitoring and evaluation
(i.e., learning by doing) in order to continually
improve programs and learn what is actually
working in real-world settings as opposed to
what has been shown to work in the context of a
research project.

Prevention Strategies for
Different Types of Epidemics
Strategic planning for prevention at the country
level should be largely based on knowledge of the
epidemic and scientific and programmatic evidence.
However, other factors should also be taken into
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consideration when designing an appropriate intervention, including the potential impact on the overall epidemic, the cost of inaction (e.g., an explosive
spread of HIV among IDUs), feasibility given the
context of constrained health-care systems, acceptability by the community, and any additional benefits to other health problems or health systems.
UNAIDS has developed practical guidelines for
intensifying prevention according to different epidemiologic scenarios.24

Low-Level Scenario
In a low-level scenario, HIV has not spread to significant levels (i.e., prevalence is less than 1%) in
any subpopulation. This is an indication that risk
networks are nonexistent or very diffuse, or that
the virus has just recently been introduced in the
region. Countries where this scenario can be found
include Fiji, Turkey, and Afghanistan. In these settings, it is essential to collect information about the
most vulnerable and potentially most at-risk populations in an ethically sound manner (i.e., with
respect for their rights, voluntary participation,
and confidentiality). Stigma and coercive measures, such as criminalization of commercial sex
work or harm-reduction programs, are significant
barriers to participation in prevention efforts by
marginalized groups and should be avoided and
discouraged at all times.

Concentrated Scenario
In a concentrated scenario, HIV has spread (i.e.,
prevalence is greater than 5%) in one subpopulation but is virtually nonexistent in the general
population. Classically, these subpopulations tend
to be MSM, sex workers, or IDUs. In Argentina,
for example, HIV prevalence is greater than 15%
among MSM, greater than 5% among sex workers, and less than 1% in the general population.2
In such a scenario, prevention programs should
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Generalized Scenario
In most parts of sub-Saharan Africa, HIV has spread
within the general adult population, with prevalence
of 1% to 10% or higher in some countries. In these
generalized epidemic scenarios, HIV is still more
prevalent in higher-risk groups (such as sex workers
and their clients), but a significant proportion of new
infections occur among young people and discordant
couples. Prevention approaches should include both
targeted interventions and interventions addressing
the general population, such as youth programs and
programs addressing both men and women.
Examples of programmatic prevention actions,
as listed in the UNAIDS guidelines for generalized
epidemics, include the following24:
• Providing evidence-informed sexual and reproductive health education for youth in school
and out of school
• Ensuring universal access to HIV counseling
and testing, including provider-initiated voluntary HIV counseling and testing
• Ensuring universal and uninterrupted condom
availability and integrating condom promotion into reproductive and primary health-care
services in the public and private sectors
• Prioritizing programs for men and women that
address risk behaviors and gender vulnerability
• In areas with low levels of male circumcision,
progressively expanding access to safe male circumcision services within the context of ensuring universal access to comprehensive HIV
prevention, treatment, and care and support

Hyperendemic Scenario
In southern Africa, HIV has spread in the general population at exceptionally high levels (i.e.,
prevalence greater than 15%), calling for varied
and widespread prevention measures. In a situation in which all sexually active people are at risk,
entire communities must be mobilized to change
sexual behavior as well as social norms. Campaigns
should address the particular vulnerabilities of
women while also promoting the roles and responsibilities of men in prevention.
It should be noted that there is still much
uncertainty about which mix of prevention interventions will have the most impact in the shortest
amount of time, especially in the most affected
countries in southern Africa. In 2006, a group
of experts met in Lesotho to reflect on the key
drivers of the epidemic in southern Africa and
to suggest approaches to accelerating prevention.34 Their conclusions, summarized in the sidebar entitled “Key Priorities for Intensification of
HIV-Prevention in High-Prevalence Countries
in Southern Africa,” illustrate not only the complexity of prevention programming, but also the
challenges inherent in evaluating the impact of
national programs on HIV incidence.

Conclusion
A renewed emphasis on prevention is the only
way to achieve universal access to treatment in
resource-limited settings. The current momentum of high-level AIDS funding and ART rollout should be harnessed for the scale-up of prevention activities, and synergies with treatment
programs should be sought. Aside from condoms,
male circumcision is the only effective biomedical prevention technology that has been found
so far to reduce the sexual spread of HIV. While
evidence concerning “what works” in behavioral
prevention programs is incomplete, there is still
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specifically target the populations most at risk,
with sufficient scale and intensity. Attention should
also be paid to bridge populations (in the case of
Argentina, bisexual men), and sufficient information given to the general population. Prevention
messages should also address stigma and discrimination against these subpopulations.

Key Priorities for Intensification of HIV-Prevention
in High-Prevalence Countries in Southern Africa
Following are the core areas of focus for
HIV prevention in high-prevalence southern
African countries:
1. Significantly reduce multiple and concurrent sexual partnerships for both
men and women. Explore possibilities for
mass campaigns or social movements with
strong political, religious, and community
leadership (both top down and bottom
up.) The mass media can help to expose
and discourage multiple partnerships as a
threat to individual and public health.
2. Prepare for the potential national roll-out
of male circumcision. Male circumcision
should be embedded within a broader context of strengthening male sexual and reproductive health, STI treatment, condom use,
and counseling and testing for HIV.
3. Address gender issues especially from
the perspective of male involvement and
responsibility. These issues include sexual
and reproductive health and HIV prevention and support, specifically to reduce
multiple and concurrent partnerships,
intergenerational/age-disparate sex, and
sexual violence through multiple channels, including those noted for (1) above.
4. Continue to program for delayed sexual
debut and for consistent and correct use of
male and female condoms. This prevention
strategy should be especially emphasized for
young people and others at higher risk.

In addition to and in support of these core
focus areas, other key priorities include the
following:
1. Increase access to counseling and testing. Emphasize national “know your status” campaigns backed by posttest services
for both HIV-negative people and people
living with HIV.
2. Aim to provide universal access to sexual
and reproductive health services and to
care and treatment. A special focus should
be on expanding youth-friendly services.
3. Challenge the drivers of the epidemic to
build more cohesive societies. Addressing
underlying structural drivers, notably the
complex interaction between poverty,
socioeconomic inequality, mobility, and
the like, can build more cohesive societies. Risky cultural practices and unequal
gender norms should be challenged to
achieve overall improvements in health
and social welfare.
4. Intensify multiple approaches. This
would include involving people living
with HIV and the media to reduce stigma
and increase openness and discussion
about sexuality, and to promote and
uphold human rights.
5. Emphasize STI control and prevention.
Expand and make treatment more effective, including treatment for HSV-2.

Source: Adapted from SADC34
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can be encouraged to change their sexual behavior.
In addition, preventive services should be made
available to all, to assist in changing social norms
and helping to create a supportive environment for
all sexually active adults to protect themselves and
their partners from HIV.
The current absence of perfect evidence cannot be used as an excuse for delayed action or lack
of implementation of large-scale prevention programs. In short, no time can be wasted; it is time to
take action. Experience will continue to accumulate as a result of “learning while doing,” and program evaluation data will guide future prevention
planning in the years to come.

hiv prevention, counseling,
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much that countries can do to optimize their prevention efforts.
The scale of the response should match the scale
of the epidemic and should be comprehensive in
scope (i.e., address individual, community, and
contextual factors). In concentrated epidemics,
the most important challenges will be to overcome
the political, social, and cultural barriers to reach
the most vulnerable groups, such as sex workers,
MSM, or IDUs, with effective prevention programs
at a national scale. In countries with generalized
epidemics, the challenge will be in mobilizing the
necessary leadership, commitment, and financial
and technical resources so that entire communities
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espite some reductions in global
HIV prevalence, the enormous human tragedy represented by an estimated 1.7 million
new HIV infections in sub-Saharan Africa in 20071
highlights the inadequacy of current HIV prevention efforts. Although considerable expansion of
antiretroviral therapy (ART) programs is occurring in Africa, prevention efforts have not kept
pace. In low-income countries, substantial investment in prevention may be cost-effective because
future care and treatment costs will be averted.
New approaches and new resources might reinvigorate underfinanced HIV prevention efforts and
help avoid a widening gap between the numbers of
individuals needing ART and those receiving it.

Positive Prevention
Internationally, HIV prevention efforts have traditionally concentrated on reducing HIV acquisition
risk, focusing primarily on uninfected individuals
or ignoring the serostatus of target populations.
When HIV prevention efforts began in Africa nearly
20 years ago, HIV testing was not widely available,
and concerns about potential stigma and negative
social outcomes related to knowledge of HIV status
were paramount. These factors may have diverted

attention from prevention approaches targeting HIVpositive individuals and, instead, focused efforts on
mass media and community and peer education
that targeted all those at risk. However, only HIVpositive people—a much smaller population than all
those at risk—can transmit HIV. Thus, preventive
interventions for HIV-positive individuals (“positive
prevention”) can help reduce the risk of transmission, based on the principles of infectious disease
epidemiology that focus on the infectious source.
Several approaches to positive prevention have
proven efficacy.1,2 For example, HIV transmission
is reduced by 80% with consistent condom use by
HIV-positive individuals and their partners,3 and
in Africa, provision of voluntary counseling and
testing (VCT) to serodiscordant couples reduced
transmission by 56%. 4 In the United States,
clinician-initiated communication, group counseling, and partner testing reduced the frequency
of unprotected sexual acts and numbers of sexual
partners among HIV-positive adults.5 In addition,
ART has been associated with an 80% reduction in
transmission within HIV-discordant couples.6
Positive prevention has been recommended
by the Joint United Nations Program on HIV/
AIDS (UNAIDS),7 the United States Department
hiv prevention, counseling, and testing
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Table 1. Positive Prevention Action Plan for Africa
Intervention

Potential Benefits

Ensure HIVpositive individuals learn their
status

n

Support HIV
status disclosure
to sexual partners
by HIV-positive
individuals

n

Test and counsel
sexual partners
of HIV-positive
individuals

n

n

n

n

Offer behavioral
interventions for
HIV-positive
individuals

Allows for efficient targeting of prevention efforts
Facilitates early entry into
care and treatment

n

Implementation of a range of testing approaches,
including routine HIV counseling and testing in clinical settings; 100% access to voluntary counseling and
testing (VCT) through door-to-door programs; and
stand-alone, mobile, and family-based VCT

Involves partner in prevention, care, and support

n

Disclosure by HIV-positive individuals
Counselor-assisted disclosure
Voluntary partner notification

n
n

n

Provide ART

Possible Approaches to Implementation

n

n

n

Identifies previously
undiagnosed HIV infections and HIV-discordant
couples
Facilitates prevention of
transmission

n

n
n

Reduces viral load and risk
of HIV transmission
Provides opportunities for
integrating prevention into
ART programs

n

Focuses on source of new
infections
Reduces frequency of
unprotected sexual acts
Reduces HIV transmission
risk

n

n

n

n

n

n

Select low-risk
blood donors

n

Reduces risk of HIV transmission through blood
transfusions

of Health and Human Services, and others8,9 and
is currently being implemented in industrialized
countries.10,11 It should now also become a priority
in Africa and other high-prevalence regions. We
propose 12 approaches for implementing positive
prevention in Africa that prioritize interventions
620

n

n

Integration of partner testing as routine component
of prevention, care, and treatment programs
Provision of facility, mobile, and home-based VCT
Couples’ counseling

Access to and provision of ART for those clinically
eligible
Education emphasizing that ART does not eliminate
transmission risk
Incorporation of free condom and family planning
services into ART programs
Individual, group, and structural interventions for
HIV-positive individuals that promote abstinence,
reduced frequency of sex, partner reduction, condom
use, and nonpenetrative means of sexual expression
Addiction treatment and behavioral interventions for
HIV-positive drug users
Use of clinical providers as well as counselors and
peer supporters
Ongoing interventions for HIV-discordant couples
Screening of volunteer blood donors based on
locally determined risk factors
Emphasis on repeat donors

with the largest potential impact on HIV transmission. These include a range of services for HIVpositive individuals: ensuring that HIV-positive
individuals learn their status, supporting HIV status
disclosure, testing and counseling sexual partners,
providing ART, offering behavioral interventions,
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Table 1. Positive Prevention Action Plan for Africa (cont.)
Potential Benefits

Prevent unintended pregnancies among
HIV-positive
individuals

n

Provide universal
access to more
effective PMTCT
for HIV-positive
pregnant and
delivering women

n

Screen HIVpositive individuals and their partners for STIs and
provide treatment
as appropriate

n

Provide male circumcision (MC) of
HIV-negative male
partners in HIVdiscordant couples

n

Promote leadership by HIVpositive individuals in positive
prevention

n

Support positive prevention
research

n

n

Possible Approaches to Implementation

Prevents vertical
transmission
Reduces HIV infection risk
for HIV-negative women in
HIV-discordant couples

n

Reduces HIV transmission
risk from HIV-positive
mothers to their infants

n

n

n

n

Reduces HIV transmission
and acquisition risks

n

n

Reduces HIV transmission risk within discordant
couples

n

n

n

Integration of family planning counseling and services into care, treatment, and PMTCT programs
Training for AIDS service providers in family planning
counseling and service delivery
Routine HIV testing and counseling for all pregnant
and delivering women
Full package of PMTCT interventions, including ART
prophylaxis and treatment
Provision of breast milk alternatives and early weaning counseling according to country guidelines
Consider routine STI screening for all HIV positives in
care and treatment and partner notification
Develop guidelines for effective approaches to STI
diagnosis and treatment for HIV-positive individuals

Integration of services or referral for MC of discordant partners within care and treatment and PMTCT
settings
Referral or integration of MC services within couples’
VCT settings or as a specific male reproductive health
program

Supports a human and
civil rights approach and
ownership by target group
Limits or avoids
discrimination

n

Supports HIV/AIDS organizations that promote the
development of individuals living with HIV into
implementers and leaders in advocating positive
prevention

Helps identify an
expanded portfolio
of evidence-based
approaches to
positive prevention
implementation

n

Support from donor organizations and institutions
for promising ideas, including further research on
early initiation of ART; potential prevention benefits
of opportunistic infection prevention; and additional
behavioral interventions, including peer-led initiatives and psychosocial support interventions

selecting low-risk blood donors, preventing unintended pregnancies, providing universal access
to more effective prevention of mother-to-child
transmission (PMTCT), screening for and treating
sexually transmitted infections (STIs), providing
male circumcision of HIV-negative male partners,

promoting leadership by HIV-positive individuals, and supporting positive prevention research
(Table 1). Some of these approaches have proven
efficacy, some are being piloted, and some would
benefit from further exploration and development
of evidence-based policy.
hiv prevention, counseling, and testing
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Intervention

The Positive Prevention Project: Strengthening Positive
Prevention in Uganda
Through the PP (positive prevention) program I have learned that with proper care
and guidance from health workers, I can,
when I am ready, get a partner and have the
joys of sex while reducing risk of transmitting HIV to my partner.
—An-18-year-old girl who was born with
HIV infection
PP training empowered me with knowledge, the right attitude and skills to
openly discuss sex and sexuality issues
with my clients; I am no longer shy . . .
I had my own biases about family planning, but these were well handled . . .
I can now adequately support people living
with HIV on their family planning options.
—A 27-year-old counselor from an AIDS
service organization

T

he preceding quotes are from participants
of a new training program on positive
prevention (PP) in Uganda. To scale up
positive prevention in Africa, large numbers of
service providers and people living with HIV
need to be trained so that they can implement
PP interventions.
One vibrant example of rapid training dissemination is being implemented through the
Positive Prevention Project of the Strengthening
Counselor Training Project (SCOT) in Uganda.
SCOT is a five-year collaborative project of
the Ugandan Ministry of Health, The AIDS
Support Organization (TASO), and major
HIV counselor training institutions in Uganda.
Initiated in September 2004, SCOT’s mandate
is to strengthen and standardize HIV counselor
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training in Uganda. This is done with the objective of catering to the growing needs of HIV
counselors as they deal with the complexities of
HIV prevention, care, and treatment. The overall goal of the program is to improve the quality of HIV counseling in the country. SCOT
achieves this goal through standardizing HIV
counselor curricula and materials, developing
evaluation instruments, strengthening quality assurance, promoting coordination of HIV
counselors, and implementing innovative training programs. The specific goal of the SCOT
PP project is to contribute to a reduction in the
transmission of HIV and other sexually transmitted infections (STIs) in Uganda by building
capacity for HIV prevention among people living with HIV and health-service providers.
The PP program has four main objectives,
each associated with several key activities, as
outlined in Table 2.
The strategies employed by the SCOT PP
program include the following:
• Engage people living with HIV at the front
lines of HIV prevention. For example,
people living with HIV and their national
networks are involved in planning prevention strategies, implementing training programs, developing curricula and key messages, educating communities, establishing
support groups, and using group forums
to share experiences, skills, or tips for better living.
• Build the capacity of both HIV/AIDS service providers and people living with HIV
to contribute to the reduction of HIV transmission in Uganda.
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Table 2. Objectives and Related Activities of the SCOT Positive Prevention Program
Objectives

Activities

1. To develop and strengthen strategies for
positive prevention (PP)

n

n

2. To improve PP counseling curricula,
service provider training, and supportive
supervision

n

n

n
n
n

3. To integrate PP into existing individual,
family, and community prevention
efforts and to strengthen networks of
people living with HIV and their family
support systems

n

n

n

n

4. To establish monitoring and evaluation
systems that integrate PP with other
HIV/AIDS interventions

n

• Integrate family planning services into
HIV prevention, care, and treatment
activities.
• Advocate for greater efforts to slow the epidemic in Uganda.
Topics covered in the SCOT PP curriculum
include the following:
• HIV and AIDS in Uganda
• Positive prevention overview
• Advanced counseling techniques
• Stigma and discrimination
• HIV counseling in special situations (e.g.,
alcohol and substance abuse, disability,
spirituality)

Reviewing and developing a PP curriculum for HIV
counselors
Orienting trainers in the use of the new PP
curriculum
Training HIV counselors from partner organizations
Counseling people living with HIV in PP issues
Integrating family planning (FP) at health facilities
by providing FP commodities and facilitating FP
inventory management
Reviewing and developing a curriculum for community and peer education
Training members of peer support groups in new
curriculum
Sensitizing community members about the benefits
of PP in HIV prevention, care, and treatment
Referring individuals for institutional PP counseling

hiv prevention, counseling,
and testing

n

Mobilizing people living with HIV and their
networks
Obtaining buy-in from AIDS service organizations
Establishing networking and advocacy activities
with other PP stakeholders

Integrating PP data into national monitoring and
evaluation (M&E) systems

•
•
•
•
•

Disclosure counseling
Counseling HIV-discordant couples
Sexuality and safer sex negotiation
Family planning
Adolescent counseling in relation to positive prevention
• Preventing mother-to-child transmission
of HIV
Through their work, SCOT has learned that
the involvement of people living with HIV at
all levels of prevention helps give a meaningful context in which other people living with
HIV can more easily adopt positive behaviors.
Members of established peer support groups

hiv prevention, counseling, and testing
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say that it is easier for them to listen and follow advice from their peers than from a person
who is HIV negative. In addition, the SCOT
training of trainers approach includes capacity-building support for partner institutions,
which enables them to rapidly roll out PP
interventions following training.
The SCOT PP project is playing an important role in expanding positive prevention

Ensuring HIV-Positive Individuals Learn
Their HIV Status
The World Health Organization (WHO) and
UNAIDS have called for universal access to HIV
prevention, treatment, and care by 2010,11 and HIV
counseling and testing is the entry point for HIV
care and treatment. The majority of individuals
living with HIV in Africa have never had an HIV
test,12 even though knowledge of HIV status has
been associated with preventive behavior by HIVpositive individuals.13 For example, in a nationally
representative sample in Uganda, condom use was
three times as high among people living with HIV
who had knowledge of their HIV status compared
with those who had never had an HIV test.14
Expanded approaches to HIV counseling and
testing have been recommended to increase the
proportion of individuals living with HIV who
know their status.7,15 In several countries, expansion of traditional VCT, of provider-initiated testing
and counseling (PITC) in clinical settings, and of
mobile, community-based, and door-to-door testing is underway. In Uganda, very high participation
rates have been reported in PITC16 and in district
wide door-to-door HIV counseling and testing
programs.7,17 In Lesotho, a government-sponsored
campaign aims to offer VCT to all adults in order to
achieve universal knowledge of serostatus.18 These
624

services in Uganda. By working through established support groups for people living with
HIV and existing care and treatment centers,
SCOT has been able to rapidly disseminate
positive prevention services throughout the
country. It is hoped that the experiences of
SCOT can help inform other efforts throughout sub-Saharan Africa to expand positive
prevention services.

initiatives should help allow preventive behavior,13
inform partner selection, and increase access to care
and treatment for all HIV-positive individuals.

Disclosure of HIV Status to Partners
Traditional HIV programs focus on individuals rather than on couples or families. However,
a shift in approach is required in order to reach
partners of HIV-positive individuals. One challenge in Africa is disclosure of HIV status, as
rates of disclosure to sexual partners are generally low.19 Yet, disclosure, especially to partners,
facilitates effective prevention of sexual transmission of HIV, PMTCT, and treatment access and
adherence, as well as anxiety relief. Mathematical
models suggest that increasing rates of serostatus
disclosure could result in large reductions in
HIV transmission risk.7,20 In Uganda, counselorassisted disclosure for couples in their home or at
a facility is being piloted. In Kenya, partner disclosure by HIV-positive women has been associated with a fourfold increase in reported condom
use to nearly 70%.21
Nondisclosure in South Africa has been associated with HIV transmission risk behaviors,
including having unprotected sex with discordant
partners and having multiple partners.22,23 Partner
notification for STIs has been implemented in
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HIV Testing of Partners
HIV discordance within couples is common in
Africa. Of married people living with HIV in East
Africa, 40% to 50% have HIV-negative spouses.14,27,28
Yet in Kenya, for example, less than 20% of adults
living with HIV are aware of their infection status,
and condom use within marriage is low.27 In Rwanda
and Zambia, an estimated 55% to 93% of all new
adult heterosexual HIV infections occur within
married and cohabitating couples.29 Seronegative
partners in such discordant couples are likely to be
Africa’s largest single risk group for HIV infection.
In this context, knowledge of a partner’s HIV status, in addition to safer sexual activity, is needed
in conjunction with faithfulness by HIV-positive
people to reduce HIV transmission.
Many providers and HIV-positive individuals assume that sexual partners of infected people must also be HIV-positive and see no need
for partner testing.30 Yet ensuring that partners
of HIV-positive individuals receive VCT is an
essential part of a basic prevention and care

package.31 As partner testing increases, “serosorting,” or partner selection based on concordant
HIV status, may be an important option for HIVpositive individuals as a means of transmission
risk reduction.32

Provision of Antiretroviral Therapy
Provision of ART to people living with HIV in discordant relationships also reduces the risk of HIV
transmission by reducing viral load in the HIVpositive individual.6 Because ART is indicated for
those with advanced HIV disease and the highest
viral loads, widespread provision of ART could
impact HIV incidence, provided that the preventive effects of ART are not offset by increases in risk
behavior resulting from reduced fear of HIV infection and transmission. Although rigorous evaluations assessing ART-associated risk compensation
are still limited in Africa,7,33 no empirical evidence
to date suggests that it would offset the prevention
effects of ART. In Côte d’Ivoire, access to ART was
not associated with increased HIV transmission risk
behavior.34 Likewise, in Uganda, integrated prevention and ART programs that include partner testing, behavioral interventions, counseling, condom
provision, and ART have been associated with a 92%
reduction in HIV transmission risk over a three-year
follow-up period.35

Reduction of Behaviors that Put
Others at Risk
In addition to disclosure and partner testing, individual and small-group behavioral interventions
designed for use by HIV-positive people should
be developed, evaluated, and expanded. The
purpose of such interventions should be to support HIV-positive individuals who choose to be
sexually active to reduce sexual HIV transmission
through condom use, partner reduction, serosorting, reduced frequency of sex, and nonpenetrative
sexual activity. Clinician attitudes, discomfort, and
hiv prevention, counseling, and testing
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some African countries; although it has had mixed
results, this system could be adapted, in contextually appropriate ways, for HIV.24 Operational
research is required to determine how to make
HIV partner disclosure routine, expected, and safe,
while also protecting the rights of HIV-positive
individuals. In addition, promotion and support
of disclosure should be culturally appropriate,
should incorporate counseling on both positive
and negative disclosure processes and outcomes,
and should support those who have fears of negative disclosure outcomes, as those fears have been
shown to inhibit sexual partner disclosure. 25-26
Extra disclosure support services for HIV-positive
women are particularly important, given the gender power dynamics in much of Africa, as well as
the potential dual impact on both sexual and vertical transmission risk reduction.

lack of skills in discussing sex need to be addressed
to ensure that HIV-positive individuals who choose
to be sexually active can be supported to do so with
minimal transmission risk and without stigma.
Although prospective cohort data suggest that
integration of prevention interventions into treatment programs can reduce HIV transmission
risk,35 randomized evaluations of different behavioral intervention models, including clinician-initiated communication, are needed in sub-Saharan
Africa. Psychosocial support interventions may
also result in HIV transmission risk reduction
in sub-Saharan Africa, though more operational
research is needed.36 In addition, the special sexual
and reproductive health needs of HIV-positive
adolescents merit focused attention and development of tailored interventions.
Alcohol use has been associated with sexual risk
behavior among HIV-positive individuals in South
Africa,37 Côte D’Ivoire,34 and elsewhere. Effective
interventions to support reduction of alcohol use
are needed.37 In areas where HIV is spreading in
drug-using populations, harm-reduction techniques, such as addiction treatment, and behavioral
interventions, such as the use of bleach for disinfecting needles and syringes, should be implemented.
Finally, people living with HIV who are
unaware of their HIV status and who donate blood
can unknowingly transmit HIV to others. Thus,
selection of low-risk blood donors is an effective
component of positive prevention.38 Selection criteria should be based on current HIV incidence
patterns in generalized epidemics and will require
periodic review.

Prevention of Unintended Pregnancies
and of Mother-to-Child Transmission
of HIV
After HIV-negative individuals in discordant
relationships, infants born to HIV-positive
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mothers constitute the numerically largest group
at risk for acquiring HIV in Africa. In 2007, the
estimated 420,000 new infections in children
worldwide constituted approximately 17% of a
total of 2.5 million new infections, and nearly
90% of those were in Africa.39 Prevention of HIV
infection in women and of unintended pregnancy among HIV-positive women are the most
cost-effective ways to prevent HIV infection of
infants. 40 However, in 2007, PMTCT coverage
remained very low, with less than 20% of HIVpositive pregnant women in sub-Saharan Africa
receiving ART prophylaxis.11 In addition, many
PMTCT programs do not provide any family
planning education or services. In Uganda, 35%
of 1,092 untreated, HIV-positive adults reported
having sex without contraception in the previous
three months, yet 73% of these individuals did
not want more children.41 A substantial number
of HIV-positive women who do not want more
children may have their previously suppressed
fecundity restored by ART.42
Additional challenges regarding family planning are also emerging. Life circumstances and
a feeling of well-being change with ART, and
desire for children may increase. Nearly onethird of HIV-positive men and women on ART
in South Africa reported a desire for more children.43 In addition, HIV-positive South Africans
reported a reluctance to discuss their reproductive
intentions openly with HIV care providers who
they perceived to be unsupportive. Thus, training for health-care providers in safe reproductive
options for HIV-positive individuals is needed.44
Additional training in family planning for staff, as
well as provision of free family planning services
for clients, should be included in the context of
ART scale-up.
For women who are pregnant, only routine,
universally available HIV testing can ensure
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Management of Sexually Transmitted
Infections
Although population-based STI interventions
have shown mixed results regarding HIV risk in
Africa,52 at the individual level, STIs do increase
risk of HIV transmission and acquisition and
are associated with increased HIV viral load
in genital secretions. 53 A syndromic approach
to STI management, which is widely used in
resource-limited settings with limited laboratory diagnostics, has not been evaluated for HIVpositive individuals in Africa. These individuals
have higher rates than the general population of
herpes simplex virus type 2, syphilis, and other
genital infections.54 Effective approaches for STI
diagnosis and treatment for individuals living
with HIV and their partners should be identified
and systematically integrated into all HIV care
and treatment programs. An especially important
group to target for STI control, consistent condom use, and other aspects of positive prevention
is commercial sex workers and their partners,
who have the potential to transmit HIV across
sexual networks.55

Male Circumcision
Randomized trials in South Africa, Uganda, and
Kenya have demonstrated that circumcision of
HIV-negative men is associated with a 60% reduction in HIV acquisition.56,57,58 As an important
component of positive prevention services for
discordant couples, male circumcision services
or referrals should be integrated into care, treatment, and PMTCT programs for HIV-negative
male partners of HIV-positive women. Education
and referral for male circumcision should also be
integrated into HIV counseling and testing efforts,
including provider-initiated and home-based,
door-to-door programs in which many discordant
couples are identified.

hiv prevention, counseling, and testing
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equitable access to and delivery of PMTCT services. Introduction of routine HIV testing within
antenatal care settings increased knowledge of HIV
serostatus from 47% to 78% among HIV-positive
pregnant women in Botswana.45 Providing the service beyond the antenatal clinic and throughout
the intra- and postpartum periods substantially
increased uptake of the service in Uganda.46 It also
increased involvement of male partners, who play
a key role in supporting women to accept HIV
testing; to adhere to HIV prophylaxis and appropriate infant-feeding choices; and to attend referrals for HIV care and treatment for themselves,
their baby, and their family.47 Prioritizing ART
eligibility assessment and access to treatment for
eligible pregnant women is particularly important
given the beneficial effect that triple therapy has
on PMTCT.
In this regard, for HIV-positive women who
desire more children in resource-limited settings, research on use of ART for viral suppression through late pregnancy, delivery, and timelimited exclusive breastfeeding suggests promise
for maximally reducing MTCT. However, in
settings where breastfeeding is the only safe
and feasible infant-feeding option, it is equally
important to help HIV-positive pregnant women
who receive PMTCT services understand that
premature weaning in the hope of avoiding HIV
transmission can seriously endanger the life of
their babies given the risk of severe gastroenteritis.48,49 In addition, they should understand that
exclusive breastfeeding can further reduce the
risk of HIV transmission through breast milk. 50
These facts have been underscored by the recent
revision by WHO of its infant-feeding recommendation for PMTCT to exclusively breastfeed
for at least six months and not to wean unless
safe replacement feeding is accessible, feasible,
affordable, safe, and sustainable.51

Leadership by HIV-Positive Individuals
To effectively reduce HIV transmission in Africa,
individuals living with HIV/AIDS should be active
leaders in positive prevention efforts.7 Involvement
of HIV-positive individuals will help prevent discrimination and ensure that positive prevention is
seen as a necessary approach that is mutually beneficial for infected and uninfected individuals.
For individuals living with HIV, positive prevention not only provides protection from acquisition
of other STIs, it also protects those they love from
HIV infection and their children from orphanhood. Widespread commitment to the pledge
“HIV stops with me” among HIV-positive individuals is needed,59 without reducing the responsibility of HIV-negative individuals to remain so.

Promising Interventions and
Prevention Research
Increased resources for evaluating the efficacy of
new prevention interventions and for rapid translation of research into policy are needed concurrently with increased prevention programmatic
resources. Ideas for many new positive prevention interventions are often best developed by
those currently working on program implementation. Therefore, those involved in implementation
should be provided with both the technical and
the financial resources necessary for scientifically
rigorous evaluations. Two areas of current promising research for HIV prevention are early initiation of ART and HIV care interventions that slow
HIV progression.
Although universal ART initiation at CD4
counts above 200 cells/mm3 may still be prohibitively expensive in a region where ART access
remains low, there could be prevention benefits to
initiation at higher CD4 cutoffs. For example, in a
model using a South African township population,
the impact of ART on annual risk of HIV transmission was estimated to increase from 11.9% with
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a CD4 cutoff of 200 cells/mm3 to 71.8% if a CD4
cutoff of 350 cells/mm3 were used.60 ART initiation
at higher CD4 cutoffs may be cost-effective, particularly for potentially high transmitter groups, such
as HIV-positive sex workers. The prevention benefits of earlier ART initiation are currently being
assessed in a randomized trial (Myron Cohen,
MD, personal communication, February 2008)
that could inform international guidelines on this
potentially important intervention.

HIV Care Interventions that Slow HIV
Progression
In addition to ART, other interventions that have
been shown to prevent HIV opportunistic infections, to slow HIV progression, and to reduce
viral load in HIV-positive individuals could theoretically have an effect on transmission. Several of
these interventions are recommended in the WHO
guidelines on essential prevention and care interventions for adults and adolescents living with HIV
in resource-limited settings,61 while others require
further investigation.
Multivitamins, as an example, have been associated with decreased viral load, delayed CD4 count
decline, and reductions in severe morbidity and
mortality.62 As another example, HIV-positive individuals with malaria have been shown to have a sevenfold increase in HIV viral levels63; cotrimoxazole
prophylaxis and bed nets have both been shown
to reduce incidence of malaria in HIV-positive
individuals, with the former being associated with
reduced viral load.64,65 Similarly, acyclovir prophylaxis reduces HIV shedding in the genital tract66
and reduces viral load, at least during short-term
follow-up.67 Current trials are under way to assess
the impact of acyclovir prophylaxis on HIV transmission from HIV/HSV-2 coinfected members of
HIV-discordant couples (Connie Celum, MD, personal communication, February 2008). Helminth
infection in HIV-positive pregnant women has been
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HIV-negative groups with universal access to HIV
testing and positive prevention offers the best
opportunity to control HIV/AIDS in Africa.
Note: The findings and conclusions in this
chapter are those of the authors and do not necessarily represent the views of the Centers for
Disease Control and Prevention or The AIDS
Support Organisation. A version of this chapter
was previously published as: Bunnell R, Mermin
J, De Cock KM. HIV prevention for a threatened
continent: implementing positive prevention in
Africa. JAMA. 2006;296(7):855-858.
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associated with a significantly higher rate of motherto-child HIV infection,68 but further research is
needed to assess the impact of treating helminths on
both vertical and sexual HIV transmission.
Although operational research is needed to assess
the synergistic benefits of interventions that are
efficacious in reducing viral load, providing HIVpositive individuals with these interventions holds
promise not only to reduce incidence of opportunistic infections but also to reduce HIV transmission
risk (J. Walson, MD, and G. John-Stewart, MD, personal communication, March 2008).
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D

espite the proven effectiveness
of current approaches to HIV prevention,
fewer than one in five people worldwide
have knowledge of and access to HIV-prevention
tools.1 In this chapter we will discuss two such
tools: the treatment of sexually transmitted infections (STIs) and adult male circumcision (AMC).
Limited evidence comparing results from randomized clinical trials suggests that treatment of
bacterial STIs may be more effective in preventing
HIV infection in settings with low to emerging HIV
epidemics and where there is a high background
prevalence of bacterial STIs.2-9 However, there are
other compelling reasons why STI treatment services should be strengthened. Because STI control
and prevention strategies are highly synergistic with
the “ABC’’ approach (abstinence, being faithful [i.e.,
sexual partner reduction], and consistent and correct
condom use), an effectively implemented STI health
service intervention can substantially improve quality of care and education among high-risk populations, contributing in turn to HIV prevention.
A wealth of observational evidence from many
epidemiologic studies and recent randomized

clinical trials in South Africa, Uganda, and Kenya
have demonstrated the efficacy of AMC in preventing HIV acquisition.10-19 AMC may be most effective
in settings of generalized epidemics, but because of
the unique cultural and biological implications of
this surgical procedure, many logistical and societal obstacles must be overcome before implementation can occur on a global scale.

Treatment of Sexually
Transmitted Infections
STIs are an important cause of morbidity worldwide with substantial economic, social, and health
consequences, particularly for women and their
reproductive outcomes.20 There are an estimated
340 million new cases annually of curable STIs (i.e.,
syphilis, gonorrhea, trichomoniasis, chancroid,
and chlamydia) and more than a billion prevalent
cases of chronic viral STIs (i.e., genital herpes simplex virus type 2 [HSV-2], hepatitis B virus, genital human papillomavirus, and HIV) around the
globe. STIs have been implicated strongly as cofactors for increased sexual transmission of HIV in
many observational epidemiologic studies.21-23
hiv prevention, counseling, and testing
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Biological and Epidemiological Rationale
One biological rationale for the observed increase
in sexual HIV transmission is that a substantially
increased HIV viral load is detected in the genital
secretions of people who have either urethral or cervical inflammation and/or ulceration.24-26 Furthermore,
treatment of STI reduces genital tract HIV viral loads,
thereby reducing the infectiousness of the index case
and lowering the probability of transmission.27 It has
been shown that ulcerative STIs (e.g., syphilis, chancroid, HSV-2) disrupt the integrity of the epithelial
mucosa and facilitate contact of HIV with the lymphatic and circulatory systems.28,29
Although inflammatory and exudative STIs
(those without frank ulcers, such as chlamydia, gonorrhea, and trichomoniasis) have less of an effect on
epithelial tissue, these infections do cause inflammation and associated recruitment of HIV-susceptible
white blood cells (exudate).30-32 Inflammation results
in microulcerations and engorgement of capillaries, facilitating contact of HIV with target cells.
Ulcerogenic STIs increase the risk of sexual transmission of HIV by 5- to 10-fold, compared with a 2to 5-fold increase caused by inflammatory, nonulcerogenic STIs.33 The population-attributable risk for
the latter group of infections is substantial, however,
because of their high prevalence. HIV-1 infection,
particularly in the setting of advancing immunosuppression, may lead to an increased susceptibility to
some STIs. Many HIV-1-infected individuals have
higher than average rates of STI, probably because
of shared behavioral risk factors that facilitate transmission of both HIV-1 and STIs.34,35 STI prevention
and control is therefore a logical component of a
comprehensive HIV-prevention program.36,37

Community Randomized Trials
The magnitude of the effect of improved STI treatment on HIV transmission at a population level
was examined extensively in three community
randomized trials in rural East Africa, where HIV
636

infection was prevalent and STI control and prevention services were exceedingly limited.3-5 The
aim of these studies was to examine the effect of
STI treatment on HIV incidence. The two major
approaches to STI treatment used in these studies
were syndromic management of STI (Box 1) and
mass treatment. Improved community-level syndromic management of symptomatic bacterial STI
with antibiotics was associated with a 38% reduction in incidence of HIV infection over the course
of two years in the Mwanza region, Tanzania.3,9
In contrast, over a similar time period and with
a seemingly comparable proportional reduction in treated STI, periodic (every 10 months)
mass treatment in Rakai, Uganda, led to only a
nonsignificant 3% reduction in HIV incidence.4
The results of a third trial in the nearby Masaka
district in Uganda demonstrated that syndromic
treatment had no effect on the incidence of HIV
infection. 5 A more recent cluster-randomized
trial from eastern Zimbabwe, where interventions
included education, condom distribution, and
improved syndromic STI treatment, suggested
a paradoxical and unexplained nonsignificant
increase in HIV incidence in the intervention
communities.38
Several hypotheses have been proposed to
explain the contrasting findings from these studies. A simulation modeling study of HIV and STI
transmission suggested that the low trial impact
in Rakai and Masaka could be explained by a
low prevalence of curable STIs due to the comparatively lower frequency of higher risk sexual
behaviors in Uganda.7 The mature HIV epidemics
in Rakai, Masaka, and Zimbabwe resulted in most
HIV transmission occurring outside core groups
having high STI rates. As such, the treatment of
STI in groups that were not primarily responsible
for the spread of HIV would not have resulted
in a significant decrease in HIV incidence. 8,38
An alternative explanation highlights the high
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Challenges in Service Delivery and
Scale-Up
Significant challenges remain for delivering STI
services in resource-limited settings, including
innumerable infrastructure, personnel, and supply
constraints. The implementation strategies for STI
control are twofold: (1) train providers in STI clinical
management, and (2) improve strategies for service
delivery for both the general population and specific high-risk groups. The standardized STI treatment flowcharts recommended by the World Health
Organization are based on the syndromic management approach used in the Mwanza and Masaka
studies.45 This approach enables a majority of providers, who often lack access to adequate examination or laboratory facilities, to manage symptomatic
patients. The syndromic management approach
is simpler than the classic dermatovenereology
approach.46 With the syndromic approach, treatment is provided during the same clinic visit as the
screening evaluation, promptly preventing the risk of
spreading the infection further as well as decreasing
the risk of sequelae that may develop from untreated
infections.45 Because there is no need to return for
laboratory results, this approach also results in cost
savings for the system and the patient (Box 1).
Women represent a major challenge in STI control using the syndromic management approach

Box 1. Syndromic Management: Method to Treat Sexually Transmitted Infections in ResourceLimited Settings
Syndromic management is a diagnostic tool used in resource-constrained settings to treat sexually transmitted infections (STIs). It relies on the presence of a syndrome—a group of symptoms and signs associated with
a few well-defined etiologies—that, once identified, dictates appropriate treatment for most of the causative
organisms. It is a useful tool in resource-constrained settings because sophisticated laboratory techniques are
not needed. Instead, patients present at a clinic, syndromes are identified, and based on those syndromes
clinical flowcharts are used to diagnose and treat patients. Diagnosis and treatment occur at the same visit,
which prevents the risk of spreading the infection further and decreases sequelae that may develop from
untreated infections. The advantages of syndromic management include that standardized treatment is used,
treatment is given at one visit, heath workers do not need specialized skills to diagnose the syndrome, and
expensive laboratory tests are not needed. On the other hand, syndromic management can result in the overtreatment of patients, potential drug resistance, and an inability to treat asymptomatic patients.
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herpetic genital ulceration rates in Uganda and
Zimbabwe compared with Tanzania, which is
exacerbated by HIV-related immunosuppression.
In this scenario, the intervention using antibiotic treatment would not have had an effect on
HSV-2 lesions.8,39,40 Modeling studies lend further
support to this hypothesis, indicating that the
impact of HSV-2 on HIV incidence increases as
an HIV epidemic matures.41,42 However, suppression of HSV-2 with oral acyclovir to reduce the
risk for HIV seroconversion has proven unsuccessful in a recently completed multinational,
placebo-controlled, clinical trial through the HIV
Prevention Trials Network.43
The studies described above demonstrate the
complex relationship between STI treatment
and its effect on HIV incidence. However, the
biological links between STI and HIV infectivity
and susceptibility, the success in Mwanza, and
the broad benefits of STI treatment programs
highlight the need to include STI treatment as an
integral part of comprehensive case management.
Such an effort toward “highly active HIV prevention” includes ABC health education, including
condom education, promotion, and distribution;
voluntary counseling and testing advocacy; AMC;
access to antiretroviral therapy; and injection
harm reduction.2,44

because of the asymptomatic nature of many STIs
in women and the relatively poor specificity of most
clinical manifestations.47,48 Syndrome-based flowcharts for lower genital tract infections in women
are less valid, and laboratory tests are preferable
for detecting STI in asymptomatic and high-risk
women.49 Although low-cost, rapid, simple tests
for diagnosis of syphilis are widely available, they
remain underutilized, often because of programmatic and managerial obstacles.50-54 There remains
an unmet need for point-of-care diagnostic tools
for the diagnosis of chlamydia, gonorrhea, and
other STIs in women.52,55 In settings where access
to laboratory tests is feasible, assessing risk before
testing could be a cost-effective approach.45 Rapid
testing for HSV-2 may prove to be an important
tool to enable aggressive suppression of HSV using
antiviral suppressive therapy.29,56
Many demonstration projects and well-designed
studies in a wide range of settings, such as Brazil,
Cameroon, Democratic Republic of the Congo,
Haiti, India, Jamaica, Kenya, Nepal, Peru, and
Thailand, have shown that managerial implementation of improved service delivery and uptake of STI
treatment can lead to improved effectiveness in STI
control.21,51,57-66 The integration of STI treatment and
HIV-prevention and care programs is an efficient
approach to public-health service delivery.

Adult Male Circumcision
AMC is the surgical removal of most or all of the
foreskin (or prepuce) from the penis.67,68 It can be
performed with almost no pain, and benefits of the
procedure go beyond protection against HIV.69 This
procedure can be performed using one of three
methods: dorsal slit, sleeve resection, and forceps
guided. The choice to use one method over another
depends on the location of the operation and the
availability of staff.70 Table 1 provides a brief synopsis of the methods most commonly used for AMC
as well as their advantages and disadvantages.70-72
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The World Health Organization’s Manual for Male
Circumcision with Local Anesthesia is an excellent
guide for performing AMC in resource-limited
settings.70
Evidence suggests that AMC is effective because
the inner mucosa of the foreskin has less keratinized skin than the exposed external skin surface
and has a higher density of target cells for HIV
infection in the form of dendritic and Langerhans
cells. Without the keratinized epithelial barrier,
these cells are in proximity to HIV, given exposure.
Furthermore, the foreskin may have comparatively
greater susceptibility to traumatic epithelial disruptions (tears) during intercourse, providing a
portal of entry for pathogens, including HIV.18,19
Uncircumcised men have higher rates of sexually transmitted genital ulcerative disease, such
as syphilis and HSV-2, than do circumcised men
from comparable socioeconomic and religious
backgrounds, increasing their susceptibility to
HIV infection.14,73 The microenvironment of the
prepucial sac between the unretracted foreskin and
the glans penis may be conducive to viral survival,
keeping infected vaginal or anal fluid in a warm,
moist state.74
Lower prevalence of HIV has been noted in
regions with higher rates of circumcision (e.g.,
North Africa, the Middle East, and selected parts
of Central/West Africa).75 To account for other
behavioral and biological factors and to quantify the strength of association, multiple ecologic
(population-based), cross-sectional, case-control,
and cohort studies have been conducted; but these
were often limited by potential confounding factors
and methodological factors.11,14 When comparing circumcised Muslim men to uncircumcised Christian
or Buddhist men in Africa or Asia, for example, the
former often had more conservative sexual lifestyles
in the context of polygamy such that a protective
association with circumcision (practiced at nearly
100% levels among Muslims) and HIV might have
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Table 1. Advantages and Disadvantages of Common Circumcision Methods
Circumcision Method

Advantages

Sleeve Resection

Forceps Guided

Forceps are used to pull
prepuce above glans
and dorsal slit is made
along prepuce to incision
line. Excess prepuce is
cut away until 5 mm of
preputial skin remains
proximal to the corona.

A sleeve of skin is created
after incisions are made on
foreskin. Care must be taken
when making the incision
to cut only to subcutaneous
tissue and no deeper. Used
in Uganda trial.11

Forceps are placed just
above the glans at the
incision mark. Scalpel is
used to cut above forceps
to remove excess prepuce.
Used in Kenya and South
Africa trial.10-13

n

n

Disadvantages

n

n

Most widely used
method used
throughout the world
Can be performed
without an assistant

n

Can produce
asymmetrical result
Requires more surgical
skill than forceps
guided

n

n

n

n

If bipolar diathermy is
available, procedure can
be almost bloodless
Produces the tidiest
results

n

Requires an assistant
Greatest chance for
surgical error
Should be performed in
a hospital, not a clinic
setting

n

been confounded by lower sexual mixing rates
among the circumcised men. Ecological observations have strongly implicated lack of circumcision
as a risk factor for HIV infection; the prevalence of
HIV infection is several times higher in Africa and
Asia where the prevalence of male circumcision is
less than 20% than in countries where greater than
80% of men are circumcised.76
A systematic review and meta-analysis focusing on heterosexual transmission of HIV in Africa
was published in 2000.18 After adjustment for confounding factors in these population-based studies, the relative risk for HIV infection was found
to be 44% lower in circumcised men. The strongest association was seen in high-risk men, such
as patients at STI clinics, for whom the adjusted
relative risk for circumcised men was 71% lower
than for uncircumcised men.18 A later systematic

n

n

Can be performed without
an assistant
Already used successfully
in an African setting72
Simple procedure to teach
inexperienced surgeons
Leaves 0.5–1 cm of
mucosal skin proximal to
corona

review published in 2003 included astringent
assessment of 10 potential confounding factors
and was stratified by study type or study population.14 The one large, prospective cohort study in
this group showed a significant protective effect,
with odds of HIV infection 42% lower in circumcised than in uncircumcised men.15 The 19 other
studies were conducted among high-risk men and
found a consistent, substantial, protective effect
that increased with adjustment for confounding.
Overall, after adjustment for potential confounders, the risk ratio was 0.56 (95% CI, 0.44-0.70) in
general populations and 0.29 (95% CI, 0.20-0.41)
in high-risk populations.14 Given the promise of
AMC as a tool in HIV prevention yet the unreliability of ecological observations and the confounding potential in observational studies, three
seminal randomized clinical trials were begun
hiv prevention, counseling, and testing
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in an effort to balance cultural factors, religious
affiliations, and sexual risk behaviors and to confirm that AMC can reduce risk of HIV acquisition in men.

Clinical Trials
Three proof-of-efficacy clinical trials in Africa
were conducted in settings with a high incidence of
HIV.10,12,13 The French-funded Orange Farm trial in
South Africa published in 2005 is hailed as the first
randomized, controlled study of the effect of AMC
on HIV incidence.13 In this trial, 3,128 HIV-negative
men aged 18–24 years were randomly assigned to
immediate versus delayed circumcision and were
followed prospectively while receiving STI/HIVprevention counseling and voluntary counseling and
testing services. Men in the intervention (immediate
circumcision) arm were at strongly reduced risk of
HIV infection (risk ratio 0.4; 95% CI, 0.2-0.7).13 This
corresponded to a protection of 60% (95% CI, 32-76)
in the intervention group. Despite these results, there
was debate among clinicians, policymakers, and the
international community about whether these results
could be generalized to different populations. In
December 2006, trials in Uganda and Kenya provided
additional scientific evidence for the role of AMC in
HIV prevention.10,12 Their data safety and monitoring boards stopped all three randomized, controlled
trials earlier than planned after interim analyses
demonstrated overwhelming statistical evidence
of efficacy. In Uganda, AMC reduced men’s risk of
acquiring HIV infection by 51% (95% CI, 16-72) and
in Kenya by 53% (95% CI, 22-72).10,12 In all three trials,
men in the control (i.e., delayed intervention) group
were offered circumcision immediately after the trials were halted. To understand the long-term impact
of AMC, substudies will continue to measure HIV
infection rates and to study the risk-taking behavior and attitudes of participants. Despite the surgical
methods used (the foreskin clamp method in South
Africa and Kenya and the sleeve method in Uganda),
640

circumcisions were quite safe, even in remote rural
areas, when performed by trained medical personnel
and accompanied by appropriate postsurgical followup to ensure the management of infections or problems with wound healing.10,12,13
Although the scientific evidence overwhelmingly supports AMC for HIV prevention, the
effects of promulgating AMC in real-world settings
are unknown. There is the potential for behavioral
disinhibition (also termed “risk compensation”),
wherein males who are circumcised in the context of HIV prevention may engage in high-risk
behavior without using condoms under the false
expectation that their circumcised status will prevent them from acquiring HIV. In fact, the South
African study participants in the circumcised
group actually reported higher risk sexual behaviors; however, the group had a lower incidence of
HIV, further suggesting that AMC is highly protective. The other studies did not show significant
behavioral disinhibition, although this may be due
to extensive risk-reduction counseling and education.77 Other studies examining this concern suggest that participants appreciate concepts of risk
reduction as opposed to risk elimination.78,79

Concerns for Program Scale-Up
Substantially more resources were made available
for the three clinical trials than will be available in
a “real-world” scale-up of AMC in a public-health
context. Whether acceptability will decline without the attentiveness of research staff added to the
AMC service program is unknown. A systematic
review of acceptability throughout southern and
eastern Africa suggested that traditionally noncircumcising communities were highly receptive
to circumcision. Across the studies reviewed, the
median proportion of uncircumcised men willing
to be circumcised was 65% (range 29%–87%), and
71% (range 50%–90%) of men were willing to circumcise their son.78-80 The major reasons for high
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Effect on Women
The assumption has been made, correctly we believe,
that secondary benefits to women are substantial
given that each man who remains HIV uninfected
represents one fewer potential transmitter of HIV
infection to women (or to other men when men
have sex with men). The attribute of AMC that
makes it an attractive prevention modality is the
permanent benefit from a single intervention.36 STI
treatment, condom use, and ABC behavior change
do not share this feature, though the need to avoid
disinhibition (also termed “risk compensation”),
and the fact that it is not fully efficacious suggests
that ABC messages should not change even in the
face of higher circumcision rates. AMC may be
even more critical in settings where condom use
has continued at low rates despite intensive intervention campaigns, often due to gender power
inequities resulting in a lack of successful negotiation of condom use. AMC may decrease male-tofemale transmission of HIV as well as female-tomale; among serodiscordant couples in Rakai, HIV
incidence in wives of HIV-positive circumcised

men was 6.6 per 100 person-years, compared to
10.3 per 100 person-years in partners of uncircumcised men.81 According to an earlier study from
Rakai, when circumcised HIV-positive men had a
viral load of less than 50,000 copies/mL, no transmission to their female partners occurred. Among
uncircumcised men with similar viral loads, the
transmission rate was 9.6 per 100 person-years
(95% CI, 6.1-13.1 per 100 person-years; P=0.02).15
Data from Uganda and Zimbabwe, however, did
not suggest an association between women’s HIV
risk and partner circumcision status.82
There is a risk to women when circumcised men
engage in intercourse before complete wound healing has occurred. Those men who are actually HIV
infected at the time of AMC but are in the window
period before testing positive by antibody may
transmit to sexual partners at increased efficiency,
as has been noted in a Rakai, Uganda, substudy
(M. Wawer, MD, oral communication, October
2007). Sex before wound healing also increases
AMC complication rates for the men themselves.
Concerns have been raised about the safety of
the surgical procedure when implemented on a
mass scale. Although all three randomized, controlled trials reported very low complication rates,
these circumcisions were performed by well-trained
medical personnel with regulated follow-up—a less
than realistic situation in resource-limited settings
where widespread implementation will occur.83
Data on complications from circumcisions performed in low-resource settings are limited, and it
is universally appreciated that long-term complications in real-world settings must be assessed in
the context of program scale-up.84,85

Policy Issues
Neonatal circumcision is safer and less expensive
than AMC and should be considered an important
long-term investment to reduce global HIV infection.79,80,86,87 If neonatal circumcision and AMC were
hiv prevention, counseling, and testing
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acceptability included improved hygiene, reduction
in STI, and earlier detection of ulcers. A less significant proportion of participants did equate circumcision with reduced risk of HIV. Cost, fear of pain,
and concern for safety were all major barriers to the
acceptability of circumcision. Although not consistently a barrier or facilitator in the studies reviewed,
cultural norms, ethnic identity, and religious affiliation were central factors determining acceptability. Given that studies have examined acceptability
through hypothetical questions posed to individuals or focus groups, data are lacking to determine
if those services were actually used when they were
provided.78,79 Hence, acceptability to patients, sexual
partners, health-care workers, and community (and
family) opinion leaders must be studied in the context of AMC program expansion.78,79

scaled up concurrently and aggressively, long-term
costs might decline (due to fewer AMCs needed
in the future), with short-term benefits complemented by long-term ones. Neonatal circumcision
can be linked to existing maternal and child health
services and perhaps to the expansion of the prevention of mother-to-child transmission (PMTCT)
programs. Women’s acceptance of male circumcision, which is essential for achieving high rates of
neonatal circumcision and advantageous for adult
circumcision, is reported to be high in Africa.79,88
Attitudes of fathers are also favorable, but the attitudes of grandmothers, who are often influential,
need further investigation.
Although AMC is efficacious in trials, its implementation will be determined by the societal context, including its cultural and religious acceptability; so far, acceptability appears to be far higher
than expected among noncircumcising communities in sub-Saharan Africa.79 It is critical for targeted
and tailored communication messages to highlight
both the benefits and limitations of this method.
Health manpower and surgical infrastructures
are not presently available for expanded AMC
in the nations of high HIV incidence that need it
the most. Yet the boon that a single intervention
is likely to confer and its cost-effectiveness suggest that adult and neonatal circumcision should
be emphasized in new global prevention investments. A model using data from the randomized,
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controlled trials predicts a 45%–67% reduction
in HIV prevalence with 80% circumcision uptake
and a 25%–41% reduction with 50% uptake, with
full impact most apparent at least a decade after
the investments are made.89 Using a model with a
lower condom utilization rate, circumcision combined with antiretroviral therapy appears to be
more effective than circumcision and condom use
to reduce disease burden.90
If promulgated properly, AMC has enormous
potential for providing some protection to at-risk
uninfected people, especially when coupled with the
ABC behavioral strategy at a population level.76 A
combination approach with the strategies of AMC,
ABC, STI control, voluntary counseling and testing
advocacy, antiretroviral therapy availability, and
community/political activism toward social acceptance of HIV testing and engagement in “prevention
promotion” may be the best bet in HIV prevention.
The United Nations Work Plan on Male
Circumcision and HIV91 as well as analysts and
experts worldwide have recommended a renewed
focus on improving the safety of current AMC practices and on assisting countries to obtain the data
necessary for informed and evidence-based decision making regarding the role of AMC in HIVprevention programming.92-95 Although surgery
is rarely used for public health and prevention,
circumcision of men, male adolescents, and male
infants may represent exactly such an opportunity.
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HSV-2 Treatment Interventions to
Control HIV: Hope for the Future?
Sinéad Delany-Moretlwea and Connie Celumb
Reproductive Health and HIV Research Unit, University of the Witwatersrand, South Africa
University of Washington, United States

a

H

erpes simplex virus type 2 (HSV-2)
is a primary cause of genital ulcers and is
one of the most common sexually transmitted infections worldwide.1,2 HSV-2 infection is more
common in women than men, and as many as 85%
of HIV-positive people are infected with HSV-2.3
Once recognized as an opportunistic infection and
indicator of the onset of AIDS, HSV-2 is once again
the focus of attention because of increasing interest in the role of HSV-2 treatment to prevent HIV
acquisition, transmission, and disease progression.

Genital Herpes Is Frequently
Asymptomatic or
Unrecognized
The key to understanding the widespread nature of
HSV-2 infection is the recognition that while infection typically causes recurrent genital ulceration,
it is frequently asymptomatic or unrecognized.
Although little data on symptom recognition exists
outside of the United States, the evidence suggests
that as many as 63% to 87% of individuals who are
seropositive for HSV-2 deny a prior history of genital ulcer disease (GUD).4,5 Similarly, in the recently
published HPTN 039 trial, only 16% of men who
have sex with men from Peru and 33% of African

women reported a history of GUD, despite the fact
that all trial participants were HSV-2 seropositive.6
However, after counseling in symptom recognition,
the proportion of those reporting a history of GUD
may increase. For example, 50% to 75% of HSV-2
seropositive people without a reported history of
genital herpes reported subsequent symptomatic
episodes after receiving health education about
genital herpes.4,5 Even in the absence of symptoms,
the majority of those infected with HSV-2 will shed
virus in the genital tract and are therefore likely to
transmit infection unknowingly.7,8

HSV-2 Infection in the HIVpositive Individual
Coinfection with HIV alters the natural history of HSV-2, exacerbating the clinical course of
HSV-2 infection. Individuals with HIV are likely
to experience more frequent episodes of recurrent
genital ulceration.9,10 Such episodes may also have
more varied clinical presentation, leading to an
increased frequency of unrecognized episodes of
genital herpes at higher CD4 counts. At lower CD4
counts, recurrent lesions may be atypical in location or appearance, leading to delays in diagnosis
and treatment initiation.11 As the host becomes
HIV Prevention, Counseling, and Testing
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increasingly immunocompromised, these lesions
are likely to be more severe and of longer duration
and may in some instances take longer to respond
to treatment.
In addition to worsening the clinical course of
HSV-2 infection, coinfection with HIV also appears
to enhance mucosal replication of HSV-2. As with
HIV-negative individuals, most HIV-positive people are likely to experience asymptomatic HSV-2
infections. However, while most are asymptomatic,
they are almost all likely to shed HSV-2 from the
genital tract on up to 20% of days, irrespective of
whether they have a history of genital herpes.12,13 It
is this state of frequent, asymptomatic reactivation
of HSV-2 that may be responsible for the interactions with HIV, and the subsequent increased risk
of HIV transmission from coinfected individuals.
Surprisingly, the initiation of antiretroviral therapy (ART) does not appear to have any impact on
HSV-2 reactivation rates, despite the clinical perception that ART reduces episodes of genital herpes. In a U.S. study, patients on ART reported fewer
days with genital lesions, but objective measures of
genital mucosal shedding confirmed similar levels
of HSV-2 DNA in patients both on and off ART.14
Although ART restores T helper cell responses, it
seems that this may not be a critical development
in the control of HSV-2 reactivation. A more recent
study of women in the United States showed that
even women who had used ART for at least one year
and had optimal CD4 gain and HIV viral suppression reported significantly more episodes of genital
sores than similar HIV-uninfected women.15

HSV-2 Infection Enhances HIV
Acquisition, Transmission, and
Disease Progression
Given that HSV-2 is a common infection in areas
of high HIV prevalence, the growing body of
evidence that points to a synergistic interaction
between the two infections is a cause for concern.
650

Recent meta-analyses have shown that prior infection with HSV-2 increases the risk of HIV acquisition by as much as threefold in women and twofold
in men, and that interventions to control HSV-2
infection could prevent as many as 50% to 60% of
new HIV infections.16 Observational studies also
suggest that recent infection with HSV-2 is associated with a higher risk of HIV infection, possibly because of the severity of genital lesions associated with primary genital herpes.17-20 Similarly,
evidence from observational studies suggests that
coinfection with HSV-2 can increase the risk of
HIV transmission.
There are several possible biological mechanisms that HSV-2 could use to act as a cofactor
in HIV acquisition or transmission. First, HSV-2
reactivations result in a mucosal or epithelial disruption, creating a portal of exit or entry for HIV,
to which activated CD4 cells are recruited. There
also appear to be several cellular interactions that
promote the establishment of HIV infection;
coinfection with HSV-2 may lead to the creation
of “pseudotypes” (i.e., particles containing HIV
viral genome that are enveloped in HSV surface
glycoprotein), allowing HIV to infect cells that
could not be infected by HIV alone.21,22 HSV-2
infection may also promote the increased expression of HIV target cells (i.e., CCR5+ CD4 cells
and immature dendritic cells).23
There are also several mechanisms that may
explain how HSV-2 increases levels of genital and
plasma HIV, thus enhancing HIV transmission.
In coinfected individuals, HSV-2 proteins may
increase replication of HIV at mucosal sites by
transactivation of the HIV long terminal repeat.24
Cytokine release may also stimulate HIV replication.25,26 A recent study demonstrated that
coinfection with HIV can lead to a depletion of
immune cells responsible for controlling HSV-2
reactivation, resulting in impaired immune control of HSV-2, and leading to further HSV-2
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Current Intervention Options
for Controlling HSV-2
Currently, intervention options for controlling
HSV-2 are limited to patient education and promotion of condom use or treatment with oral medications. Nucleoside analogues (acyclovir, valacyclovir,
famciclovir) have been available for the treatment
of HSV-2 for more than two decades. These drugs
are considered safe and are well tolerated. They

require no sophisticated monitoring and have no
significant interactions with antiretroviral medications. Clinical trials have shown that these drugs are
equally effective at standard doses in HIV-positive
individuals.32-34 While resistance is frequently identified as a concern by clinicians, the frequency of
resistance in immunocompetent patients despite
widespread use over 20 years has remained at less
than 1%. Among immunocompromised patients,
resistance rates have been observed to be higher
but have remained stable at less than 5% over the
past 15 years.35-37 In cases of resistance, it may be
possible to overcome clinical resistance by increasing the standard doses of the nucleoside analogues.
In refractory cases, alternative drugs such as foscarnet or cidofovir may be used.

Could HSV-2 Therapy Be
Effective in Controlling HIV?
Despite the plethora of observational studies demonstrating a bidirectional and synergistic interaction between HSV-2 and HIV, such observations
need to be tested in randomized controlled intervention trials in order to prove a causal relationship between HSV-2 infection and HIV acquisition, transmission, and disease progression. There
are two possible treatment strategies for HSV-2 to
be evaluated for their impact on HIV:
• Episodic therapy. This treatment strategy is
aimed at providing relief to symptomatic episodes of HSV-2. Treatment for genital ulcers
is usually given for five days and reduces pain,
decreases time to ulcer healing by one to two
days, and reduces HSV-2 shedding by one to
two days. Episodic therapy has no effect on
recurrence rates.
• Suppressive therapy is continuous daily therapy to prevent frequent recurrences of genital
herpes. Suppressive therapy is also effective in
reducing asymptomatic shedding of HSV-2 and
HSV-2 transmission as shown in a recent trial
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reactivation and subsequent increases in HIV levels in the genital tract.23
Up-regulation of HIV replication by HSV-2
reactivation could have important clinical consequences. Observational studies have shown that
reactivation of genital HSV-2 leads to an increase in
HIV plasma viral load that may be sustained for up
to six weeks.27 This observation is not restricted to
clinical episodes of HSV-2 reactivation.28,29 Several
studies have shown that in both early and chronic
HIV infection, HSV-2 seropositivity is associated
with a higher mean plasma viral load. A persistent
increase in plasma viral load can lead to a shortened time and progression to AIDS30; thus, HSV-2
infection and reactivation could be associated with
more rapid HIV-1 disease progression.
These findings may explain the results of earlier studies that observed that treatment by acyclovir—an HSV-specific antiviral—was associated
with a modest but consistent survival advantage,
even though some of the trials were not originally
designed to assess this effect. A meta-analysis of
eight randomized trials of acyclovir in the era prior
to combination ART indicated that high-dose acyclovir (greater than or equal to 3,200 milligrams
per day) offered a significant survival benefit for
HIV-positive people.31 The studies were not large
enough or designed to answer the question about
the effect of HSV-2 on HIV disease progression,
but the results suggest that HSV-2 suppression
may offer clinical benefits to coinfected people.

of suppressive therapy with valacyclovir where
HSV-2 transmission between HSV-2 serodiscordant couples was reduced by 50%.38
At least three trials have evaluated whether
treating symptomatic episodes of genital herpes will have an impact on HIV transmission.
Those trials, conducted among populations in
Ghana, Central African Republic, South Africa,
and Malawi, considered whether the addition of
acyclovir to the current syndromic management
guidelines for the management of GUD resulted
in improved clinical and virological outcomes. The
studies all showed modest impact on ulcer healing time among HIV-positive individuals, with a
shortening of the duration of ulcers by one to two
days if patients presented early enough (within
72 hours). By contrast, there was little evidence for
an impact of treatment on genital HIV shedding in
women, although decreased lesional HIV shedding
was observed in men.39,40
Several proof-of-concept studies evaluating
the effect of HSV-2 suppressive therapy on genital and plasma HIV levels have been completed
among women in Burkina Faso, South Africa,
Thailand, and Peru.41-44 A similar trial has also been
completed among men who have sex with men
in Peru.45 All five trials demonstrated significant
reductions in both genital and plasma HIV replication after one to three months of daily treatment with either valacyclovir or acyclovir. A more
recent trial conducted among high-risk women in
Tanzania did not show any impact of treatment on
genital HIV but did show a reduction in plasma
HIV. Although lower rates of genital HIV shedding were observed in the treatment group, this
was not significant. Investigators suggest that the
treatment effect was somewhat weaker because of
the extended duration of the trial (two years) and
difficulties in sustaining high levels of adherence
over this long period.46
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While the results of these trials are heartening,
the impact of suppressive therapy in reducing the
sexual transmission of HIV remains to be demonstrated. A large, multicenter trial involving more
than 3,000 HIV-serodiscordant couples in which
the HIV-positive partner is seropositive for HSV-2
and does not meet national guidelines for ART
initiation (i.e., CD4 > 250) is currently evaluating
whether 12 to 24 months of acyclovir will lead to a
reduction in HIV incidence among the uninfected
partners.47 That trial, and another trial conducted
in Uganda, will also provide insight into whether
longer-term therapy with acyclovir has an impact
not just on systemic plasma HIV levels but on CD4
count decline and subsequent HIV disease progression. In all of these trials, the effects of acyclovir on plasma HIV viral load are believed to be
mediated through the suppression of symptomatic
and asymptomatic reactivations of HSV-2, and
not the result of direct pharmacological action
against HIV.
More recently, the results of the first trial evaluating the impact of acyclovir suppressive therapy
on HIV incidence were released. In a trial involving high-risk women from Tanzania, there was
no significant impact on HIV incidence after two
years of treatment with acyclovir. The investigators concluded that although there was no overall
protective effect of treatment on HIV acquisition,
there was some evidence (although nonsignificant)
of a protective effect of treatment among women
with very high levels of adherence (greater than
90%). Given the impact of poor compliance on the
overall trial result, the results of HPTN 039, a similar trial conducted among 3,277 men who have
sex with men in the United States and Peru, and
women in South Africa, Zambia, and Zimbabwe,
were eagerly anticipated. However, although
adherence to the study drug was high (an average
of 94% of pills dispensed taken by pill count and
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Practical Implications of
These Trials
These trials have provided valuable experience in the
management of HSV-2 infection, with or without
HIV coinfection, to sites outside of the United States.
Several key lessons have been learned, which should
be used to guide the development of public health
programs while further trial results are awaited.

Patient and Provider Education
Genital herpes is a largely unrecognized disease in
the developing world. Greater efforts need to be
put into increasing patient education about genital herpes, the symptoms of herpes, and the associations between HSV-2 and HIV in developingcountry settings. Many providers are unaware of
the high prevalence of HSV-2 infection in their
setting and of the associations between HSV-2 and
HIV. Health-care provider education is required in
such settings to ensure that patients receive prompt
diagnosis and, where necessary, treatment.

Counseling and Testing for HSV-2
Participants in these clinical trials frequently had
unrecognized HSV-2 infections. Through effective
counseling and testing for HSV-2, trial participants
learned to recognize previously unrecognized signs
and symptoms of HSV-2 infection and to seek treatment for recurrences early. Although serological
testing may not be feasible in all settings, counseling
about HSV-2 should be part of the package of care
for HIV-positive individuals, the majority of whom
are likely to be coinfected with HSV-2. Health-care
providers working in HIV clinics should be trained
to diagnose the clinical manifestations of genital
herpes. They should have a high index of suspicion
for genital herpes when patients have genital com-

plaints and be trained to prescribe the appropriate
treatment promptly when required.
Additionally, episodic therapy trials have shown
a high prevalence of unrecognized HIV infection in individuals with GUD.40 Education efforts
should also focus on encouraging patients with
genital ulcers to accept HIV counseling and testing.
Services should ensure that HIV testing is offered
to genital ulcer patients and, if necessary, that HIV
management services are easily accessible.

Access to Acyclovir
Given that the World Health Organization has recommended the addition of acyclovir to the syndromic management guidelines for GUD,48 efforts
need to be made to ensure that patients have, at a
minimum, access to episodic therapy at the primary
health-care level. In addition, suppressive therapy
should be made available to those with troublesome HSV-2 recurrences for relief of symptoms
initially, and, if trial results are positive, also to prevent HIV. In many cases, providers are reluctant to
provide suppressive treatment because of concerns
about the perceived cost. Although generic acyclovir is available in most countries, further research
is needed to anticipate potential obstacles to future
availability, including cost.

Adherence to Therapy
If the suppressive therapy trials are successful, there
may be initial reluctance to accept this as an intervention to limit HIV disease progression and transmission. Concerns are likely to be raised regarding
the feasibility of this intervention and the capacity
of patients to achieve high levels of adherence. The
experience of these trials has shown that patients in
resource-limited settings can achieve high levels of
adherence if they receive adequate support in the
form of regular adherence counseling and the use
of pill reminders.
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self-report), acyclovir 400 milligrams twice a day
did not reduce HIV incidence.6

Vaccine Research and Development
Ideally, a safe and effective HSV-2 vaccine, if it
were available, would address many of the concerns
regarding the implementation of HSV-2 control
strategies as a public health intervention. Given the
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successful outcomes observed in five different trials of the effect of HSV-2 suppressive therapy on
genital and plasma HIV, research into an effective
HSV-2 vaccine should rank higher on the international research agenda.
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Theory and Practice of HIV
Counseling and Testing
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a

T

he role of HIV counseling and
testing (CT)* has long been recognized as
an important entry point to HIV prevention, care, and support in resource-limited settings.1 Yet, while appreciable efforts have been
made in many countries to expand HIV counseling and testing services, much remains to be done
to reach satisfactory coverage in most countries.
The current availability and use of HIV voluntary
counseling and testing (VCT) services are far from
optimal: only a small proportion of people living
in developing countries are aware of their HIV status. It is estimated that in sub-Saharan Africa, the
region of the world most severely affected by HIV,
only 12% of men and 10% of women know their
HIV status.2
This chapter focuses on the theory and practice
of HIV counseling and testing in resource-limited
settings. The chapter opens with an overview of
the theory of HIV counseling and testing, including its efficacy, client motivation, and demographics. The second section presents past and present

models of counseling and testing services, key lessons learned, and research gaps. Three case studies
appear in the third section, and the chapter concludes with a summary and recommendations for
the way forward.

Theory of HIV Counseling
and Testing
The core components of HIV counseling and testing include pretest counseling, HIV testing, and
posttest counseling. HIV counseling and testing
interventions are promoted as voluntary and confidential, an approach believed to contribute to (1)
people’s right to know their HIV serostatus; (2) prevention of HIV transmission, because knowledge
of HIV serostatus helps in decision making (e.g.,
changes in sexual behavior, prevention of motherto-child transmission [PMTCT] uptake); and (3)
access to treatment, care, and support services. Yet
the traditional definition of counseling and testing must be broadened to recognize other aspects
related to the various models of care, treatment,

*The umbrella term “counseling and testing” encompasses a range of approaches, of which voluntary counseling and testing
(VCT) is just one. CT refers to various approaches of counseling and testing that may be initiated by the client (as with VCT) or
by the provider. When specifically discussing the approach in which a client self-refers in a walk-in or outreach scenario, this
report uses the term VCT.
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and prevention, such as the need for diagnostic
testing and referrals, linking family members with
needed care services, adherence to treatment, and
other complex issues. At the same time, a paradigm
shift is under way that supports moving beyond the
standard VCT service model. In many countries,
policies that support approaches like routine offer
(i.e., provider-initiated) of HIV testing have now
been implemented or are under consideration.
HIV counseling is defined by the World Health
Organization (WHO) as a confidential dialogue
between client and counselor aimed at enabling the
client to cope with stress and make personal decisions related to HIV/AIDS.3 Based on the Stages of
Change model,4 the HIV counseling intervention is
client centered. In other words, the intervention is
tailored to address each client’s specific situation,
concerns, and readiness for action. Carrying out
such an intervention requires an understanding
of the client’s needs and the ability to provide the
client with appropriate education. The counselor
must also assist the client with the development of
an individualized action plan (e.g., risk reduction
methods, seeking of care) and provide appropriate,
ongoing support in implementing that plan.

Efficacy
Existing data from several studies conducted in
developing countries suggest that HIV counseling
and testing is efficacious in promoting behavior
change (as a proxy for prevention) and therefore
has a critical role to play in comprehensive HIV
prevention and care programs. While an exhaustive literature review is beyond the scope of this
chapter, a few of the more notable outcomes are
discussed here.
Most published studies on HIV counseling
and testing in resource-limited settings are observational, with the exception of one randomized
controlled trial published to date.5 Several observational studies have reported significant behavior
660

changes among individuals and couples receiving
HIV counseling and testing. For example, a study
in the Democratic Republic of Congo reports
increased condom use during all episodes of sexual
intercourse among discordant couples following
HIV counseling and testing.6 Allen et al7 report on
a study conducted among discordant couples in
Rwanda showing that HIV testing and counseling
was associated with an increase in condom use and
with lower rates of new HIV infections. An evaluation of the AIDS Information Center in Uganda,
where behavior changes were observed among
more than 2,500 clients at three and six months
following pretest counseling, reports significant
reduction in risk behaviors among both HIVpositive and HIV-negative individuals, with greater
decreases noted among HIV-positive individuals.8
Furthermore, Muller et al9 report decreased sexual
activity, fewer sexual partners, and increased use of
condoms during the last three incidences of sexual
intercourse following HIV counseling in a study
among HIV-positive individuals in Thailand.
In addition to the evidence from the observational studies just described, a multicountry randomized controlled study conducted in Kenya,
Tanzania, and Trinidad comparing HIV counseling
and testing and health information demonstrated a
significantly greater decrease in unprotected intercourse with nonprimary partners among participants who received the HIV counseling and testing intervention compared with those in the health
information arm of the study.5
It should be noted that a small number of
observational studies in resource-limited settings
have found that HIV counseling and testing was
not associated with the desired outcomes (e.g.,
lowered rates of pregnancy among women).10,11
Furthermore, some authors have questioned the
prevention benefits of scaling up HIV counseling and testing in resource-limited settings. 12
Nonetheless, the general consensus is that HIV
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Client Motivation and Demographics
The decision to undergo HIV testing remains
difficult for many people. This difficulty is compounded by factors such as stigma and discrimination, distance to services, and cost of services.
Various motivations have been reported for those
who choose to be tested for HIV, including curiosity, fear of having been exposed to HIV, feeling
sick, an important life commitment (e.g., marriage,
new partner), and requirement for a benefit (e.g.,
visa, scholarship).13,14 These motivations and others
need to be taken into consideration when setting
up HIV counseling and testing services.
Likewise, the demographic characteristics of
CT clients may vary according to the service delivery model and setting. For example, integrated
models of HIV counseling and testing may reach
more women than do stand-alone models, where
more men may be seen. On the other hand, mobile
services may be more likely to reach young people and hard-to-reach groups (e.g., migrants, sex
workers, drug users). Program planners should be
mindful of the characteristics of their target populations and the strengths and weaknesses of various CT models when establishing HIV counseling
and testing services.

From Research to Practice
The transition from research to practice in the area
of HIV counseling and testing has been relatively
successful. Findings from a variety of studies, ranging from randomized trials to observational and
operations research, have provided knowledge

and tools for developing and implementing HIV
counseling and testing programs. Since the early
1980s, the many studies conducted in resourcelimited countries have informed the evolution of
HIV counseling and testing. As a result, innovative and context-specific approaches have been
adopted, facilitating program expansion. Some of
the key discoveries and advances that have spurred
the evolution of CT practice are discussed in the
following sections.

Evolution from 1980s to the Present
HIV counseling and testing has evolved significantly since the development of the first HIV test
kits.15 In resource-limited settings, the evolution
of HIV counseling and testing can be divided into
three eras: the 1980s, the 1990s, and from 2000 to
the present.
The 1980s were characterized by high stigma,
discrimination, fear, and lack of HIV treatment.
Consequently, the first counseling and testing
models (e.g., VCT) emphasized the voluntary
aspect and informed consent, and placed a strong
emphasis on the role of testing in HIV prevention.
During that time, HIV counseling and testing in
most resource-limited settings was confined to
research and blood transfusion sites, with minimal
or no counseling. People tested rarely collected
their test results.
The early 1990s saw a progressive but slow
interest in HIV counseling and testing in resourcelimited settings and the establishment of a few
anonymous HIV counseling and testing sites. HIV
counseling and testing remained hard to “sell” to
governments and donors because its efficacy was
still under review, and it offered little to those
found to be HIV-positive, beyond the promise
of prevention benefits, the ability to plan for the
future, and, to some extent, psychosocial support.
In the mid- to late 1990s, support for HIV counseling and testing grew further, facilitated by factors
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counseling and testing is a useful and integral part
of any meaningful, comprehensive HIV/AIDS
program. Moving forward, the focus should be on
developing and implementing the most appropriate CT models of HIV counseling and testing provision to respond to the evolving challenges of the
HIV/AIDS epidemic.

like (1) the demonstration that services other than
antiretroviral therapy (e.g., psychosocial support,
treatment for opportunistic infections) were beneficial to people who tested positive and that the
demand for testing existed even in the absence of
treatment; (2) the release of results from the VCT
efficacy study5 demonstrating the efficacy of VCT
on behavior change and its cost-effectiveness; and
(3) the release of results from the HIVNET 012
study16 demonstrating the efficacy of nevirapine in
preventing mother-to-child transmission of HIV,
which facilitated the introduction and widespread
use of HIV counseling and testing in the context of
that area of prevention. The period saw the introduction of the use of rapid HIV testing with sameday results, a shift from anonymous to confidential
testing, and an emphasis on the improvement of
posttest support services. The main focus remained
on prevention, although recognition was growing
that counseling and testing is a major entry point
to care and support services.
The first six years of the 21st century witnessed
a dramatic expansion in HIV counseling and testing programs in several countries and a shift in
approaches to HIV testing. The push for access to
treatment in resource-limited settings and the subsequent antiretroviral (ARV) treatment programs
(e.g., WHO “3 by 5” initiative, U.S. President’s
Emergency Plan for AIDS Relief [PEPFAR])
revealed the inability of the VCT model to identify most people living with HIV who would benefit from treatment programs. That discovery led
to a radical shift in the global HIV testing policy,
from a predominantly client-initiated model to
one in which providers aggressively and routinely
promoted HIV testing in health facilities to boost
access to treatment and prevention. That shift in
policy also called for modifying terminology from
what had historically been called voluntary counseling and testing to HIV counseling and testing in
the broader sense.
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The Changing Landscape
As stated earlier, the last six years have seen a shift
in the global approach to HIV testing. The need to
increase coverage and uptake of antiretroviral therapy and boost access to treatment and prevention
services makes it critically important to expand
and broaden HIV testing entry points, allowing
more venues to routinely offer HIV testing (while
preserving the client’s right to refuse). As depicted
in Figure 1 (next page), counseling and testing programs must move from a client-initiated approach
to a combined approach, where provider-initiated
testing and counseling is offered in various clinical
settings in addition to client-initiated testing.
To increase access to HIV counseling and testing,
both client-initiated and provider-initiated models
must be used (Table 1). These models are not mutually exclusive; a strategic mix of approaches is needed
to meet different needs in different settings and to
increase opportunities for people to learn their HIV
status.17 Whatever model is used, the following key
ethical principles hold: the test must remain voluntary, the results must be kept confidential, and the
test must be accompanied by counseling.18

Lessons Learned
Many valuable lessons have been learned during
several years of CT research and programming.
The key lessons presented here are based on the
authors’ personal experiences with counseling and
testing programs in resource-limited settings and
with reading the existing literature.
Political commitment is a key ingredient for
scale-up. It is needed to identify counseling and testing as a priority, lead and coordinate national counseling and testing programming efforts, pass measures aimed at reducing stigma and discrimination,
and ensure access to prevention and care services.
Creating local and national ownership is
critical to sustainability. Counseling and testing
programs that promote local ownership are more
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Care and support
PMTCT

Limited VCT

OVC
Prevention

Bottleneck?

ART

VCT
Care and support
PMTCT

Routine offer of STI,
TB tests, and ANC care

OVC
Prevention
ART

Figure 1. Broadening entry points to testing
ANC = antenatal clinic; ART = antiretroviral therapy; OVC = orphans and other vulnerable children; PMTCT = prevention of
mother-to-child transmission; STI = sexually transmitted infection; TB = tuberculosis; VCT = voluntary counseling and testing

acceptable to the community, which will then work
to ensure their use and longevity.
No one model serves all needs. Different models of counseling and testing help meet the needs
of various potential users, ensure more equitable
access, and facilitate cross-referrals.
Special care must be taken to reach the most
vulnerable groups, especially women. Although
CT has many benefits, it can have harmful consequences for some vulnerable groups (e.g., women,
men who have sex with men, injecting drug users).
Appropriate measures are required to ensure equitable access, protect the individual’s right to privacy,
and cater to the special needs of those groups.
Monitoring and evaluation should not be
an afterthought. Although it requires significant
technical and financial investment, monitoring

and evaluation helps correct problems and inform
future planning. Activities must be built into the
design of all counseling and testing programs.
Quality assurance and quality improvement
(QA/QI) require more attention. As counseling and testing services are taken to scale, a wellthought-out QA/QI process must be part and parcel of these efforts to ensure their quality and allow
for continuous improvement.
Demand creation is critical. As with any service, HIV counseling and testing services must be
promoted to create demand and increase their use.
Provider-initiated testing and counseling
contributes significantly to increasing access.
There are many missed opportunities for CT in
health-care settings. Many people are not being
tested—not because they are opposed to being
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Diagnosis for
symptomatic clients

Table 1. Models of Counseling and Testing
Client-Initiated Models

Provider-Initiated Models

Stand-alone sites, also known as freestanding sites
■ Generally operated by nongovernmental
organizations
■ Not associated with medical institutions
■ CT usually the only services offered
■ Staff is dedicated full-time to providing CT
■ Because clients most often self-refer, these
are commonly called VCT sites

The two main approaches to provider-initiated
testing and counseling in the integrated modela
are diagnostic CT and routine CT.
Diagnostic CT
■ Offered to patients who present at the health
facility with clinical HIV symptoms
■ Maximizes identification of HIV-positive individuals
for referral to treatment, care, and support
■ May be located within any department of the
health facility
Routine CT
■ Integrated into settings such as the antenatal, STI,
or TB clinics as a regular part of standard care
■ Regularly offered alongside other tests
■ Client can opt out if he or she does not wish to be
tested
■ CT within the antenatal care setting has received
special focus because it is integral to PMTCT
interventions

Mobile and its variants (e.g., door-to-door,
home-based testing)
■ Takes CT into the community
■ Team of providers sets up a temporary site out
of a van, from a designated community site, or in
people’s homes
■ Services may be offered to the general population,
individuals, families, or other defined groups
(e.g., church congregations, attendees at cultural
and sporting events, employees of a company)
■ May be effective for hard-to-reach groups, such
as injecting drug users, sex workers, truck
drivers, street children, and migrant or
nomadic populations

Private sector
In many countries, private medical practitioners offer
CT in their offices; a variant of integrated CT, this
model reaches people in higher income brackets
who are less likely to use public-sector services.

CT = counseling and testing; PMTCT = prevention of mother-to-child transmission; STI = sexually transmitted infection;
TB = tuberculosis; VCT = voluntary counseling and testing
a
In an integrated model, CT services are offered in medical settings (primarily, in the public sector) and are initiated by the
health-care provider. CT is provided alongside other services, such as general inpatient and outpatient, TB, antenatal, and STI
care. It is also quite common to offer client-initiated VCT within established medical settings.

tested, but because testing is not being offered. A
shift in attitudes among providers is required to
successfully implement provider-initiated testing
and counseling, because many still do not consider HIV testing a part of their job.
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HIV counseling and testing for couples has
the potential to reduce transmission among
partners. Couples counseling and testing must
be encouraged among couples planning marriage
or those in relationships. This is especially critical
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Research Gaps
The knowledge base required for the design and
implementation of large-scale HIV counseling and
testing programs already exists. However, continued research is still needed to inform and improve
present and future programs. The following are
some research questions to be considered:
• What is the impact of the availability of ARV
treatment on the demand for counseling and
testing services?
• How does routinely offering of HIV testing
in health facilities affect the use of other
health services?

• What is the behavioral impact of HIV counseling and testing in contexts in which ARV drug
therapies are available?
• What is the impact of antiretroviral therapy on
stigma and discrimination and normalization
of HIV testing?
• What are effective measures or interventions to
significantly reduce stigma and discrimination
and normalize HIV testing?
• What is the prevention value of HIV counseling and testing programs at the population level
beyond individual behavior change?
• What is the cost effectiveness of the various
counseling and testing models?
• Given the strong push for access to CT, what
would be required (e.g., infrastructure, commodities, human resources) for existing systems
to cope with the hoped-for increase in demand?

Case Studies
From among the many examples of successful
counseling and testing programs worldwide, this
section draws on the experiences of Family Health
International (FHI) with CT service delivery in a
variety of resource-limited settings.

Kenya’s Rapid Scale-Up of VCT
With support from the U.S. Agency for International
Development (USAID), the Government of Kenya
hosted the first Technical Consultative Meeting on
VCT in 2000. The meeting brought together government, donors, and technical agencies interested
in promoting VCT in Kenya. As a follow-up to the
meeting, a VCT committee was formed in 2001
under the auspices of the National AIDS and STD
Control Program (NASCOP). That committee
spearheaded the development of the national VCT
guidelines and the national training curriculum.
Various technical agencies, including the Centers
for Disease Control and Prevention (CDC), FHI,
the Liverpool School of Tropical Medicine, and the
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given the high prevalence of HIV discordance that
has been reported.19,20 Shared knowledge of HIV
serostatus assists in adopting preventive behaviors
to reduce the risk of HIV transmission to the negative partner (in the case of discordant couples) and
facilitates access to other HIV-related services (e.g.,
PMTCT, clinical care). (See chapter in this section
entitled “Couples HIV Counseling and Testing as
an Entry Point to HIV Care”.)
There is no single “magic bullet”; rather,
creativity and innovation help address challenges in the local context. Program planners,
managers, and providers must use their skills and
familiarity with the local setting to design innovative approaches to CT (e.g., use of lay counselors,
group pretest counseling) that are effective despite
human and financial resource constraints.
Operational research helps shape CT
programs. Operational research built into programs
helps answer programmatic questions and contributes to the design of locally appropriate solutions.
Stigma and discrimination remains a great
barrier to the uptake of HIV counseling and testing. Bold actions are needed at all levels to normalize HIV and protect the rights of those living with
the virus so people feel secure in seeking out and/
or accepting HIV testing.

University of Nairobi, significantly contributed to
the work of the VCT committee.
In 2002, the government of Kenya elected to
establish a VCT center of excellence to serve as a
model and a training site. Through a grant from the
Embassy of Japan in Kenya, FHI supported the government of Kenya in the construction of the Kenyatta
National Hospital VCT Center of Excellence. With
technical assistance from the IMPACT Project
(Implementing AIDS Prevention and Care) of
USAID, that center became the first high-volume
VCT center in the country, with about 1,000 clients
per month, and became a model for many other
VCT centers around Nairobi and throughout the
country. The Kenya Medical Research Institute was
enlisted to support quality assurance of HIV testing,
and a widespread orientation of health professionals
was organized nationally.
To popularize VCT among the general public,
a branding campaign was financed by USAID,
whereby a logo for VCT signs was designed. The
logo was supported by a mass media campaign that
covered radio, TV, newspapers, and billboards and
continued over a three-year period.
In 2004, NASCOP developed a roll-out strategy and a quality assurance strategy with technical assistance from various agencies. In addition,
based on an assessment conducted by FHI showing
the need and desirability of family planning (FP)
and VCT integration, a national FP/VCT integration strategy was developed. Through implementation of the roll-out strategy and with support
from donors and technical partners, services are
currently under way across the country.
As shown in Figure 2, the country has seen an
impressive upsurge in the availability of counseling and testing services, going from only 45 sites in
2001 to more than 720 sites in 2006. The IMPACT
Project managed by FHI directly supported the
establishment of 217 of these sites. As of June
2006, NASCOP reported that 1,323,858 Kenyans
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accessed counseling and testing services at sites
around the country.
Key factors contributing to the success of this
effort included the development of supportive
national policies and strategies, addressing procurement limitations, ensuring quality, and popularizing the services to generate demand. Despite
the impressive achievements of the program, however, many challenges were encountered, such as
the need for reliable supply chain management for
HIV test kits, limited human resources, suboptimal
physical infrastructure, and difficulty in maintaining quality in the context of rapid scale-up.

Rapid Scale-Up of CT Integration in
Ethiopian Health Facilities
With funding from USAID, PEPFAR, the World
Bank, the Global Fund, the Japan International
Cooperation Agency, and the Development
Cooperation of Ireland, FHI assisted the government of Ethiopia to integrate more than 550 counseling and testing centers into existing government
health facilities, including hospitals and health centers in four regions of the country (Addis Ababa;
Amhara; Oromia; and the Southern Nations,
Nationalities, and Peoples Region).
A baseline assessment of existing HIV/AIDS care
and support services, including voluntary counseling and testing, was conducted in 2002 and 2003 in
those four regions. The assessment demonstrated an
unmet need for counseling and testing, lack of standardization in service provision and lack of quality
control. Based on those results, the regional health
bureaus prioritized the establishment of counseling
and testing services in all government health centers
in the regions as part of their standard service packages. FHI worked with the regional health bureaus
to support them in the CT scale-up effort.
The design of the counseling and testing scaleup was also informed by an assessment of the preparedness of health facilities to integrate counseling
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and testing. A scale-up plan was designed, with
health facilities prioritized for a phased introduction
of counseling and testing services based on elements
such as demand for the services, concentration of
population at risk, size of the population, availability
of rooms, and availability of health professionals.
The four regions then proceeded with accelerated and synchronized implementations of their
plans, which included simultaneous launchings
of the sites ready to start. The implementation of
the scale-up plan entailed infrastructure improvement (e.g., setting up counseling rooms; purchasing furniture, laboratory supplies, small equipment); development of CT guidelines and training
curriculum; ongoing capacity building for personnel (e.g., counselors, supervisors, laboratory technicians); establishment of the VCT Counselors
Support Association; development of monitoring
and evaluation tools; strengthening of referral systems between counseling and testing and clinical
care services (e.g., tuberculosis, antenatal care, family planning), as well as home- and community-

based care services for people living with HIV; and
ongoing technical assistance (for implementation
support, quality assurance and improvement, etc.).
As indicated in Table 2, the scale-up efforts
resulted in the integration of counseling and testing in more than 450 health facilities between
2003 and 2006, with more than 400,000 individuals receiving counseling and testing in 2006 alone
through these facilities. The success of these efforts
demonstrated that integrating counseling and testing services in health centers can be effective in
expanding access to CT services.
The counseling and testing scale-up efforts were
an important contribution to the national HIV/
AIDS response and enhanced the overall strength
of health facility services. They also fostered the
development of referral systems between communities and health centers and helped to expand
health service coverage in targeted communities.
The regional health bureaus and nongovernmental organizations adopted the training curriculum and the monitoring and evaluation system
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Figure 2. Number of VCT sites in Kenya by year

Table 2. Scale-Up of CT Sites in Ethiopia by Region
Number of sites

Number of clients

Regions

2003/04

2005/06

2003/04

2005/06

Addis Ababa

25

132

15,291

31,992

Amhara

0

134

0

138,609

Oromia

102

192

18,425

101,179

SNNPR*

0

134

0

75,490

All

127

592

33,716

347,270

* Southern Nations, Nationalities, and Peoples Region

established for the counseling and testing services.
The capacity-building process, including the training curriculum and accompanying methodology,
is now being used at regional levels and has been
adopted by many local and international nongovernmental organizations.
Elements that were instrumental to the success
of this experience include the involvement of the
government at various levels (Ministry of Health,
regional health bureaus, etc.), the development of
local ownership in the regions and at the health
facilities, the ongoing training of personnel to
help fill the human resource gaps, and the leveraging of donor funding and partner contributions to support program activities. The program
encountered some challenges as well, including
frequent turnover of personnel, weak commodity
management and communication logistics, insufficient funds to meet all costs related to the rapid
scale-up of services, and the intricacy of timely
data collection given the large number and geographic spread of sites.

A Balanced Approach to Counseling and
Testing Scale-Up in Brazil
Brazil has been successful in building and sustaining a comprehensive national HIV/AIDS treatment
program using a balanced prevention and treatment
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approach. Brazil’s experience includes firm advocacy of human rights for people living with HIV
and strong civil society participation and mobilization. This approach helps to identify the critical elements of improving access to counseling and testing
and contributes to the goal of universal access.
Brazil employs two models of counseling and
testing: integration within existing health facilities
and client-initiated testing at freestanding centers.
Between 1997 and 2002, the number of people
tested at both freestanding centers and health facilities doubled.21,22
The Brazilian government used various media
campaigns to promote universal HIV testing. The
central message of the campaigns was that everyone in the country should know their HIV status.
One major initiative, known by the slogan Fique
Sabendo (“Be in the Know”), enlisted the help of
models and other celebrities to promote testing.
Before unveiling the campaign through television
and newspaper advertisements in 2003, the government promoted it at one of the country’s biggest
fashion shows in São Paulo. Models wore T-shirts
decorated with the campaign’s logo: a smiling face
with plus and minus signs for its eyes, representing
the two possible results of an HIV test. In many
countries, such an event would be unimaginable
given the stigma and taboo surrounding HIV.23,24
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Summary and Way Forward
HIV counseling and testing is a vital component of
comprehensive HIV/AIDS prevention and care programs. The evidence of its effectiveness in changing
individual behavior has been provided by several
studies conducted in developing countries,5–9 and it
is playing a growing role as an entry point to other
HIV services, including care and treatment.

Through the years, the practice of counseling and
testing has undergone substantial change. Starting
as part of research and small-scale counseling and
testing projects, it has evolved to mostly clientinitiated testing (VCT) and is now expanding to
include broader programs combining both clientand provider-initiated counseling and testing.
There is a wealth of knowledge, tools, experiences,
and successful counseling and testing programs from
which to learn. However, because of the many constraints to program scale-up and utilization, those
lessons have rarely translated into universal access.
Clearly, no problem or constraint justifies inaction. A strong commitment is needed at all levels
to advance the scale-up of counseling and testing.
That endeavor must aim for universal access to
prevention, care, and treatment while preserving
the rights of individuals and communities. Moving
forward, it will be particularly important to articulate clear national policies promoting a broad
range of counseling and testing services, while
ensuring human rights and protecting individuals against mandatory testing. Other necessities are
planning for human resource capacity development, strengthening existing health-care systems
so they can cope with the demands of counseling
and testing, and last but not least, mobilizing sufficient funding to support the implementation and
sustainability of meaningful programs. Only then
will universal access be within reach.
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In addition to the media campaign, special outreach teams were developed to increase access to
counseling and testing for specific populations,
such as pregnant women, men who have sex with
men, and injecting drug users. VCT centers have
now become gathering places for larger-scale community development and human rights initiatives. These links have evolved out of community
outreach activities and have fostered partnerships
between community members and leaders, VCT
center staff, and university researchers.
Despite the success of the initiatives and substantial improvements in access to counseling and
testing in Brazil, more people need access to testing
facilities. Many people are still not being diagnosed
until the late stages of HIV infection, emphasizing
the need for early and widespread testing. As of
2006, only an estimated one-third of HIV-positive
Brazilians were aware of their status, and just 20%
of Brazil’s sexually active population had been
tested for HIV.24
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H

IV testing has been provided at
public health facilities throughout Botswana
since the late 1980s. In 2000, a nationwide network of voluntary counseling and testing
(VCT) centers, known as Tebelopele (“look into the
future” in Setswana), was established. Soon after, in
2002, Botswana became the first African country
to provide widespread access to free antiretroviral
therapy (ART) for eligible patients (those with a
CD4 count of less than 200 cells/mm3 or an AIDSdefining illness) through their national treatment
program known as Masa (“new dawn”).1-4
For the first two years of the Masa program,
HIV testing and initiation of ART occurred at a
much slower pace than anticipated; by January
2004, only 17,500 out of an estimated 110,000 eligible individuals were enrolled.1 Underutilization
of testing and treatment services was thought to be
due in part to people’s fears of receiving a positive
test result and widespread HIV-related stigma and
discrimination. This situation resulted in many
people not getting tested until they became seriously ill.2,4-6 Consequently, in January of 2004, the
government of Botswana introduced a policy of
routine HIV testing (RHT) in which all patients
would be tested for HIV when they visited their

doctor unless they specifically refused to give consent for testing.7 This new approach had two primary goals: (1) to reduce the stigma and discrimination associated with HIV by treating the HIV
test like any other routine medical test; and (2) to
make every patient aware of his/her HIV status so
that they could take advantage of both prevention
of mother-to-child transmission of HIV (PMTCT)
and ART services.8,9
As the RHT policy was being implemented, the
Botswana Ministry of Health (MOH) issued some
basic guidelines regarding who would be tested
under this new strategy. This list included pregnant women, individuals presenting with symptoms of HIV infection including tuberculosis,
individuals presenting with a sexually transmitted
infection, any patient aged 16 years or older visiting a health facility, any individual presenting for
a general medical examination, and any individual
desiring a test.10 Provisions for testing of individuals who were rape survivors or had experienced
a needlestick injury were subsequently added.
Botswana’s provider-initiated testing policy followed an opt-out approach, in which the patient
is informed that an HIV test is going to be conducted and that they have the right to decline the
hiv prevention, counseling, and testing
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test. The policy also stated that all patients should
receive essential information about HIV testing,
but that pretest counseling, in most settings, was
to be abbreviated.
During the initial roll-out of the policy, although
the guidelines indicated who should be tested for
HIV, there were limited details regarding the specifics of how to implement RHT.7 There was also
no systematic monitoring of the national implementation of this new policy, making it difficult
to ensure standardized practices between different
sites. Consequently, while the policy specified an
opt-out approach, the definition of what constituted
“informed consent” varied between health centers.7
From the outset, various groups voiced concerns about the new policy. Some people living
with HIV, community groups, and local human
rights organizations had concerns that testing had
ceased to be voluntary under this new program and
that people would be dissuaded from visiting their
doctors for fear of being tested.11,12 There was also a
concern that the potentially negative consequences
associated with this policy would disproportionately affect women. For instance, since women
typically have more frequent health-care contacts,
some feared that they would be at an increased risk
of abuse and violence if identified as HIV-positive,
as had historically been the case.12,13 Many were also
uneasy with what they perceived as inadequate
informed consent and counseling.7,11,12
As provider-initiated testing policies are being
expanded to other countries, it is important to
improve our understanding of the consequences
and specific human rights concerns associated
with the implementation of the RHT policy in
Botswana. In the following sections, we summarize data from several recently published studies
on RHT in Botswana. We begin with a summary of
findings from the earliest study published on this
topic, and then summarize more recent data from
a number of additional studies.
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Physicians for Human Rights
Study
Between November and December of 2004—
11 months after the implementation of Botswana’s
routine testing policy—Physicians for Human
Rights (PHR) conducted the first large-scale study
looking at attitudes and experiences with this policy
among adults aged 18 to 49 selected from among
the general population.4 The goals of this study
were to determine the prevalence and correlates
of HIV testing, assess knowledge of and attitudes
toward routine testing, and compare experiences
with RHT with those of VCT. This cross-sectional,
population-based study was conducted in the five
districts of Botswana with the highest number of
people living with HIV. Using a stratified, twostage probability design, 1,433 households were
randomly selected, and 1,268 respondents (89%)
completed the survey. Approximately half of the
respondents were women, the mean age was 29,
and 54% of participants had completed high school
or had some postsecondary education.

Correlates of and Barriers to Testing
Nearly half (48%) of the interviewees reported
having had an HIV test, either by routine testing or VCT. Adjusted correlates of HIV testing
included female gender, higher education, more
frequent health-care visits, inconsistent condom
use, and perceived access to HIV testing and to
high-quality medical services. In addition, people
with stigmatizing attitudes toward people living
with HIV had 35% lower odds of testing (adjusted
odds ratio [AOR]=0.65; 95% CI, 0.50-0.85), and
people with poor self-reported health status were
30% less likely to test (AOR=0.70; 95% CI, 0.530.94). Of the 52% of participants who had never
been tested, the key barriers to testing included
fear of learning one’s HIV status (52%), lack of
perceived risk (43%), and fear of having to change
sexual practices if positive (33%).
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Only half (54%) of the participants had heard of
RHT before being interviewed, but most (82%)
were very much or extremely in favor of RHT
once they had heard a brief explanation of the
policy. There was limited experience with RHT
among those sampled; only 15% of participants
that tested said they had been tested by routine
testing. A majority (60%) of respondents thought
RHT would reduce HIV-related stigma, and more
than half (55%) thought it would lead to decreased
violence toward women. Eighty-nine percent of
the respondents believed that RHT makes it easier
for people to get tested, and 93% thought it would
make it easier for people to gain access to ART.
However, almost half (43%) believed that RHT
might prevent people from going to the doctor
because of fear of testing, and 14% thought the
policy could actually increase violence against
women. The study also looked at factors associated with having been specifically tested by RHT
and found that individuals who were married
and who had seen their doctor more often had
higher odds of having received routine testing. In
addition, respondents with stigmatizing attitudes
toward people living with AIDS had 50% lower
odds of receiving RHT.

Experiences with VCT versus RHT
Overall, testing experiences were similar for
VCT and RHT. Over 90% of those who tested by
either testing strategy had received both pre- and
posttest counseling and returned to get their test
results. The vast majority (93% VCT, 89% RHT)
of those who had tested encouraged others to take
the test as well. There were no substantial differences in negative testing outcomes between VCT
and RHT. Although experiences with testing were
generally positive, one striking finding was that
two-thirds of interviewees (68% VCT and 65%

RHT) who had been tested by either method felt
that they could not refuse the HIV test. In addition, approximately 5% of respondents who had
tested by either VCT or RHT said they had experienced a breach of confidentiality at the testing
sites. Very few respondents (2% VCT and 3%
RHT) regretted having been tested, and even
fewer (2% VCT and 0% RHT) reported partner
violence related to testing.

More Recent Findings
The results from the Physicians for Human Rights
study show that there was widespread support
for RHT in Botswana in late 2004.14 At the same
time, concerns were raised about the quality of
informed consent, confidentiality, gender-based
violence, and people avoiding clinics for fear of getting tested for HIV. Since this study was conducted
shortly after the implementation of the policy, it
is important to review more recent data to better
assess possible positive and negative impacts of this
policy in Botswana. The following is a brief review
of notable findings from subsequent studies.

Prevalence and Correlates of
HIV Testing
In mid-2006, Cockcroft et al15 conducted a
population-based study among 1,536 participants to
determine whether RHT led to anticipated increases
in HIV testing, to assess knowledge and views of
routine testing, and to assess experiences with testing in governm ent health facilities. They found that
over half (55%) of respondents reported having an
HIV test in the last 12 months. This compares to
48% reporting that they had ever tested in the PHR
study. The correlates of testing were also similar to
the PHR study and included female gender, higher
education, more frequent health-care utilization, and
perceived personal risk of HIV. In addition, people
who were in favor of routine testing had nearly three
times the odds of being tested for HIV.
hiv prevention, counseling, and testing
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Knowledge of, Attitudes about, and
Experiences with RHT

Awareness and Support of RHT
Awareness of, experiences with, and support of RHT
increased during the first few years after the roll-out
of the RHT policy. Compared with the PHR study in
2004, there was increased awareness of RHT in the
Cockcroft et al study in that 79% of participants had
heard of RHT. There was also persistent support for
routine testing, with 94% in favor or strongly in favor
of RHT. Finally, there was increased experience with
routine testing: of 55% of respondents who reported
having an HIV test in the last year, half said they had
tested via RHT, up from 15% in the PHR study just
18 months earlier.

Uptake of Testing and Treatment
Data from two studies conducted by the Botswana
MOH reported significant increases in testing and
treatment uptake following the implementation of
RHT. Two years after the policy was introduced,
Steen et al16 reviewed aggregated data submitted to
the MOH from 31 public hospitals and primary care
facilities (608 clinics and health posts). The authors
found that the rate of RHT increased substantially
between 2004 and 2006, from 36/1,000 people tested
by RHT in 2004 to 104/1,000 in 2006. In addition,
the proportion of people opting out decreased from
11% in 2005 to 7% in early 2006. Finally, people were
being diagnosed at earlier stages of disease. The proportion of people testing positive with CD4 counts
less than 100 cells/mm3 decreased from 49% in 2003
to 34% in early 2006.
In another study, Creek et al17 used data from
antenatal clinic (ANC) logbooks to evaluate the
impact of RHT on ANC and PMTCT programs.
The logbooks were reviewed before (control period)
and after (intervention period) routine testing
training was implemented for staff at four clinics
in Francistown (Botswana’s second largest city).
Aggregate data from the regional hospital and the
national PMTCT program were also used to examine
the impact of the nationwide introduction of routine
676

testing on the PMTCT program. The authors found
that the proportion of pregnant women from ANCs
in Francistown being tested increased from 76% in
2003, prior to the implementation of RHT, to 95%
in late 2004. The proportion tested that learned of
their status also increased from 72% to 82% in that
same time frame. The regional data showed that the
percentage of all HIV-positive women who knew
their status at the time of delivery increased from
47% in 2003 (before RHT) to 78% in 2004.
In terms of PMTCT uptake, Creek et al17
reported that nearly two years after the RHT policy
was introduced, almost 80% of pregnant HIVpositive women were receiving PMTCT interventions, compared to 37% in 2003. This is the highest
proportion of women receiving PMTCT anywhere
in Africa. Similarly, there was a four-fold increase
in ART uptake. In January 2004, there were
17,500 individuals on ART, compared with 84,900
in March 2007. These data are promising, but it is
important to emphasize that we cannot necessarily
infer a causal connection between routine testing
and treatment uptake, because there were likely
many factors that contributed to the high treatment uptake in Botswana during this period.11

Clinic Avoidance for Fear of Testing
One of the concerns raised about RHT is that people might avoid going to clinics for fear of being
tested for HIV. Although this has not been directly
evaluated in any study, available evidence suggests
that most people are continuing to visit government health facilities. In Cockcroft’s study, 76% of
participants reported that they visited a government health facility in the previous year. We do not
know whether fear of HIV testing played a role in
preventing the other 24% from going to clinics.15
Routine testing also does not appear to be associated with decreased use of prenatal care or the
proportion receiving test results, according to the
study by Creek et al discussed earlier.17
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Although much of the initial data on RHT in
Botswana appears promising, there are still ongoing concerns with the implementation of the policy, and there is a critical lack of data on certain key
issues. Some key areas of concern include lower
testing uptake for men, the potential for violence
and discrimination against women, and issues
related to confidentiality and informed consent.

Lower Testing Uptake among Men
Botswana’s RHT policy reaches more women
than men, and national data by Steen et al16 show
that men comprised less than one-third of those
tested by RHT between January of 2004 and
June of 2006. Not only are women more likely to
use government health facilities compared with
men, but once in clinics, women are also more
likely than men to be offered testing and more
likely to go on to be tested. In Cockcroft’s study,
men were significantly less likely than women to
have visited a government health facility (OR for
men=0.59; 95% CI=0.45-0.76).15 Of those seen at
clinics, only 42% of men were offered an HIV test,
compared with 54% of women. Finally, men were
more likely to opt out of testing when offered.15
These findings suggest that RHT may be missing
out on key prevention and treatment opportunities for men in government health facilities, and
that reaching men needs to be an ongoing target
for intervention.
On the other hand, a 2005 study by Kessler et
al18 found that women were less likely to be offered
testing in one hospital setting. In their study,
data were collected on all inpatients admitted to
one medical team in Princess Marina Hospital
in Gaborone during a six-month period. Out of
571 patients, 284 had an uncertain HIV status;
and of those, 58% were offered and accepted testing, 2% refused, and 40% were not offered testing. Women had higher odds of not testing in this

study (AOR=3.1; 95% CI=1.8-5.3). These findings
suggest that strategies to better reach women will
also be important in going forward.

Violence and Discrimination
against Women
Because women likely comprise a majority of those
tested by routine testing, there are concerns that
this policy might lead to an increase in genderbased violence and discrimination. There is limited
data on this issue, but preliminary data suggest that
there does not appear to be an increase in violence
against women tested by routine testing. Among
52 women tested by RHT in ANCs in the study
by Creek et al, none reported domestic violence
after disclosure.17 In the population-based study
by Cockcroft et al, the authors found no association between having been tested over the previous
12 months and reporting partner violence.15 There
are currently no further data on discrimination
related to routine testing.

Confidentiality and Informed Consent
There are also ongoing concerns with practices
related to confidentiality and informed consent in
Botswana’s RHT policy. In Cockcroft’s study, 10%
of participants who visited government health
facilities were concerned that their health information was not kept confidential. In addition, up to
8% of participants may have been tested without
their consent.15

Lessons from Botswana
These studies demonstrate that as of mid-2006,
public awareness and approval of RHT in Botswana
was high. In addition, Botswana’s routine testing
program has probably contributed substantially to
the gains in testing and treatment uptake that we
have witnessed. These promising findings are tempered by ongoing concerns about informed consent, confidentiality, and gender-based violence
hiv prevention, counseling, and testing
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and discrimination. There are still limited data on
these issues, and more careful monitoring of the
process will be critical to assess all positive and
negative impacts of the policy. In view of the heterogeneous implementation of the RHT policy
in Botswana, there are still several unanswered
questions:
• Is an opt-out or an opt-in approach to providerinitiated testing more effective in increasing
treatment uptake and in ensuring protection of
human rights?
• What type of pretest information is adequate
for true informed consent?

• What measures are necessary to ensure protection from violence and discrimination?
As Botswana continues to expand its RHT
program and other countries adopt similar policies, consistent monitoring will help to ensure
that both public health and human rights goals
are met. In view of Botswana’s unique circumstances in terms of their high GDP, government
commitment to combating HIV, and extensive
health-care infrastructure, we would urge caution
in generalizing this experience to other resourcelimited settings without an extensive evaluation
of local circumstances.

Provider-Initiated HIV Testing and Counseling and
Human Rights: Reflections on the Botswana Experience
Shyami Puvimanasinghea and Uyapo Ndadib
Independent Researcher, Botswana
Botswana Network on Ethics, Law and HIV/AIDS, Botswana

a

b

F

ear of stigma and other
forms of discrimination or abuse continues to deter people from being tested for
HIV. Consequently, approaches to HIV testing
(which provides the key to prevention, treatment, care, and support) need to include a
range of protections for those being tested. In
principle, provider-initiated testing and counseling (PITC) and routine HIV testing (RHT)
include human rights safeguards through the
inclusion of counseling, consent, and confidentiality. Yet these theoretical safeguards
must, in practice, be implemented in a way that
contributes to an overall reduction in stigma
and discrimination, rather than further fueling
HIV/AIDS-related human rights abuses. Given
the close and complex relationship between
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HIV/AIDS and human rights, the scaling up
of public health efforts with the aim of achieving universal access to care and treatment must
include multipronged efforts to promote and
protect the rights of the individual.

PITC
The World Health Organization (WHO) and
the Joint United Nations Program on HIV/
AIDS (UNAIDS)19 have adopted the following
definitions of testing policies. Broadly, PITC
denotes HIV testing initiated by health providers at health facilities. It includes diagnostic
HIV testing, where patients are tested when
they present with signs or symptoms that
could be attributable to HIV; and HIV screening, where people attending health facilities
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WHO standards and/or professional medical
standards. The most basic human rights to
be considered in the context of RHT include
the security of person, individual sovereignty,
bodily integrity and autonomy, health and
access to health care, privacy and information,
and equality and nondiscrimination.

From Policy to Practice in Botswana
Botswana’s constitutional law and common
law do recognize the right to privacy and confidentiality. The Constitution of Botswana,
under Section 9, stipulates that except with his
own consent, no person shall be subjected to
the search of his person or his property or the
entry by others on his premises.22
The common law in Botswana consists of a
combination of Roman Dutch law and English
law, drawing heavily from the common law
of South Africa. The right to privacy revolves
around the ideas of “withdrawal,” “seclusion,”
“being let alone,” “solitude, intimacy, anonymity, and reserve,” and “minimum interference
with one’s own life.”23 Legal action can therefore be taken against any person who breaches
this right, leading to monetary damages as
compensation. The authority for this proposition is a South African case24 between a doctor and a patient, in which the doctor divulged
information about his patient’s HIV status to
another doctor while playing golf. The attendant doctor was adjudged by the court to be
in breach of the right to privacy, and damages
were consequently awarded.
The Botswana National Policy on HIV/
AIDS recognizes the need for respect of
human rights, privacy, and self-determination;
expressly provides for counseling, consent, and confidentiality25; and envisages
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who would benefit from knowing their HIV
status are tested for HIV. In opt-out testing,
patients are tested at the health center unless
they explicitly refuse. In this process, which
usually includes simplified pretest information, the default is to be tested. With an opt-in
approach, testing is initiated by the provider,
who offers an HIV test as a routine part of discussions with all patients in a given setting or
those meeting certain criteria, but the client
must specifically agree to the test, rather than
having to refuse it.20 With both approaches,
HIV testing is recommended as a standard
component of medical care, and the purpose of
testing “is to enable specific clinical decisions
to be made and/or specific medical services to
be offered that would not be possible without
knowledge of the person’s HIV status.”19
While the WHO/UNAIDS guidance19 on
PITC recommends an opt-out approach, it
acknowledges that an opt-in approach “merits consideration” in health facilities that serve
highly vulnerable populations. The guidance
also states that irrespective of which approach
is taken, the end result should be the same: an
informed decision by the patient to accept or
decline the health-care provider’s recommendation of an HIV test.19
The UNAIDS/WHO policy on HIV testing21 states that the use of RHT is ethically
legitimate only when the “3 Cs” of consent,
counseling, and confidentiality are actively
practiced. The purpose of integrating ethical and legal values into the RHT process, as
evidenced by the inclusion of the 3 Cs in the
Botswana Ministry of Health (MOH) RHT
guidelines,10 is to preserve human rights principles in HIV/AIDS care as in the treatment of
all other diseases, in accordance with general
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nondiscrimination in relation to HIV/AIDS.
Provision of a “strengthened legal and ethical
environment” constitutes the fifth goal under
Botswana’s National Strategic Framework for
HIV/AIDS.26 Toward this goal, the framework
provides for creation of a supportive human
rights–based environment conforming to
international standards for the implementation of the National Response; integration of
multisectoral strategies and identification of
gaps in sectoral responses; information, education, and communication; nondiscrimination; care and support of vulnerable groups;
and review and reform of laws and policies in
keeping with human rights approaches.

Concerns Surrounding
Routine HIV Testing
There is concern among people living with
HIV, civil society organizations, and others that the practice of PITC including RHT
is potentially coercive. Specifically, concerns
revolve around the issue of inadequate consent
and counseling, avoidance of clinics for fear
of being tested, and increased testing-related
domestic violence.4
There is a strong argument in favor of providing real knowledge about HIV through
counseling, which can guide and direct behavior change.27 In Botswana, the degree to which
opt-out testing allows for pretest counseling
and informed, voluntary, and specific consent
is not clear, and there is a dearth of literature
in this regard. In practice, it is unclear to what
extent people understand that they have the
ability to opt out, especially given the common power imbalances between health-care
users and health-care providers. Conventional
attitudes of fear, awe, respect, and deference
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toward health-care professionals, especially
among less-educated and disadvantaged communities, make it likely that some patients will
not opt out despite having reservations about
testing. In resource-limited settings, where
levels of education are typically suboptimal,
there is a risk that informed consent can in
practice be replaced by implied consent,28
thereby moving from a routine offer to a routine imposition of testing.
According to the WHO/UNAIDS guidance
on PITC, positive outcomes “are most likely
when HIV testing and counseling is confidential and is accompanied by counseling and
informed consent, staff are adequately trained,
the person undergoing the test is offered or
referred to appropriate follow-up services and
an adequate social, policy and legal framework
is in place to prevent discrimination.”19 Yet
despite this sensitive language, realities on the
ground often play out quite differently. Denial,
shame, stigma, fear, rejection, ostracism, marginalization, discrimination, criminalization,
and other human rights abuses related to one’s
HIV-positive status are still commonplace in
many settings. Studies have found the presence of stigma and discrimination, which is
particularly significant in the sector of health
services, in settings around the world, including Latin America and the Caribbean, India,
China and other parts of Asia, and several
African and Eastern European states.29 A study
in Botswana revealed that the HIV epidemic
was often accompanied by stigma and discrimination that create the circumstances for
spreading HIV.30 This study found considerable prevalence of HIV/AIDS-related stigma
and discriminatory attitudes, with the degree
of tolerance or intolerance varying with the
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balances accompanied by sufficient levels of
information and education.
Gender-Based Violence and Discrimination
Gender inequality is ingrained in the social
fabric of most societies, especially in the developing world, and Botswana is no exception.
In a recent study by Physicians for Human
Rights, the most basic finding was that deeply
entrenched gender inequities perpetuate
the HIV/AIDS pandemic in Botswana and
Swaziland, the two countries with the highest
HIV prevalence in the world. Legalized gender
inequalities and discriminatory practices were
stated to be the primary reasons why women
continue to be disproportionately vulnerable
to HIV/AIDS.34
Because women likely comprise the majority of those tested for HIV, there have been
concerns that RHT may result in increased
violence and discrimination against women,
but studies have not established a clear link.
Women access health services more frequently and thus are subject to testing for
HIV more often than men. Although this in
itself is certainly not a negative factor, women
may have more difficulty than men refusing a
test, even when they are not psychologically
ready to receive or accept a positive diagnosis.
The violence and abuse faced by some women
who are HIV-positive can further exacerbate
the situation.35
While preliminary data suggest that women
in Botswana who test via RHT do not experience increased violence, the available data are
limited both in nature and extent. However,
this kind of information needs to be elicited
from a greater variety of sources, including
civil society organizations applying social
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particular set of circumstances (e.g., whether
the HIV-positive person was a family member or someone outside the family). The study
concluded that the national information, education, and communication program needed
to be strengthened in order to reach more
people with HIV/AIDS education, and that
programs aiming to promote more tolerant
attitudes toward people living with HIV may
be more effective if the human rights of those
people were promoted and respected.
The social context is a primary consideration in any discussion on testing, especially
because many people using public health
facilities in the developing world tend to be
socioeconomically disadvantaged. Botswana
currently does not have any legislation specifically protecting the rights of people living with HIV or outlawing discrimination
against them. Legislation designed to combat
the spread of the virus has not kept pace with
other anti-HIV/AIDS policies.31 Individual
privacy is limited to some extent, for instance,
through shared confidentiality policies, under
which a person taking care of, living with, or
otherwise coming into regular close contact
with a patient must be informed about the
patient’s medical condition if the patient is
suffering from a communicable disease or has
an infection that may be passed on if appropriate precautions are not taken.32 Unfair dismissal, refusal of employment, unfair treatment at the workplace, and other violations of
human rights have not, up to now, attracted
legislative intervention, despite calls for such
intervention from civil society.33 In light of
these gaps, there is a need to work toward the
creation of a more supportive environment,
which will include the requisite checks and
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indicators like human rights standards. It
should also be noted that most studies looking at this issue have been purely or largely
quantitative in nature. These data are useful
and appear to be promising; however, more
qualitative studies are needed to capture the
many nuances and complexities around issues
like stigma and discrimination.

Conclusion
The lack of a clear and detailed law or policy on the process of RHT and the apparent
vacuum that exists between policy and practice make further inquiry on implementation
of RHT imperative.35 Systematic observation
of RHT in practice, as well as in-depth interviews, may uncover more accurate information on patients’ experiences and feelings with
regard to the testing process.36 As Rennie and
Behets37 (p. 54) state:
Qualitative and quantitative social
research are needed to shed light on issues
surrounding the voluntariness associated
with routine testing practices in the field,
a task hampered by lingering uncertainties about the meaning of the term and its
measurability . . . Until there is a greater
body of evidence and conceptual clarity,
it would be premature to assume that
“voluntariness is at the heart” of routine
HIV testing practices being implemented
in resource-poor settings.
In 2007, the Botswana Network on Ethics,
Law and HIV/AIDS (BONELA) conducted
community-based dialogues with over 80
participants in four selected sites to assess
human rights concerns related to RHT. Issues
that arose included some confusion between
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routine and mandatory testing, with understanding of these concepts found to be inadequate. The quality of pre- and posttest counseling, the level of understanding of informed
consent, and the observation of confidentiality
were found to be significant concerns.38
Some have expressed the view that more
research is urgently needed to investigate
whether the absence of informed consent and
counseling affects people’s experiences of abuse
or other negative outcomes as a result of testing HIV-positive.39 In Botswana, the adequacy
of pretest counseling is questionable, because
in practice, group counseling and simplified
counseling measures have been adopted due
to resource and time constraints. A 2006 study
by the United States Agency for International
Development, BONELA, and the POLICY
Project clearly illustrates the need for exploration of how the 3 Cs are implemented in RHT.40
The authors state that currently there is no data
available in Botswana to evaluate how well staff
has been trained to offer RHT, the manner in
which HIV testing is offered, or the acceptance
rates among patients in various clinical settings,
other than PMTCT sites, for RHT.
The benefits of testing need to be weighed
against the adverse consequences to the person
being tested and to his/her family. In order to
have maximum benefits, the policy of RHT
should be analyzed in relation to its effectiveness, including cost-effectiveness, and should
include the indicators of stigma, abandonment,
violence, and other possible adverse outcomes
of disclosure of one’s HIV status.35 The objectives of testing are important—in other words,
it should be determined whether knowing
one’s status necessarily translates into positive
behavior change and the seeking out of care,
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of universal access goals.45 The Declaration
of Commitment on HIV/AIDS of the United
Nations General Assembly Special Session
on HIV/AIDS 2001 states that the realization
of human rights and fundamental freedoms
for all is essential in reducing vulnerability to
HIV/AIDS.46 Although human rights should
be the core element in the global HIV/AIDS
struggle, human rights often constitutes the
missing link.47
In Botswana, RHT was introduced early in
order to respond to the urgent needs arising
from the HIV/AIDS crisis. Yet as HIV/AIDS
prevention, treatment, care, and support
efforts are scaled up elsewhere, issues around
the implementation of PITC are becoming
more complex.48 A cohesive and comprehensive response to HIV/AIDS also requires
scaling up the protection and promotion of
human rights within all HIV-related services.
Research, policy, and program implementation and monitoring and evaluation also need
to incorporate human rights considerations.
This would include the creation of a supportive social, policy, and legal environment that
protects individuals from all forms of stigma,
discrimination, and violence so that increased
funding and programmatic support could
promote a comprehensive, human rights–
based response.
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treatment, protection, and support. People
should be empowered to make decisions that
affect their lives, including those pertaining to
their health care. What’s more, government
and civil society should work toward creating
an environment that protects and promotes
human rights for all; this is the way that individuals will be allowed to take charge of their
own destiny and in so doing, contribute to turning around the HIV epidemic in Botswana.41 It
has been pointed out that the practice of RHT
needs to be accompanied by aggressive training of health-care workers on policy, human
rights, and public education to be successful.42
Moreover, research, monitoring, and evaluation of the RHT process need to be made more
inclusive, through the integration of social indicators that paint a more comprehensive picture
of people’s realities and experiences and take
into account the nonhomogeneity of people—
RHT should take place on a human rights and
evidence-based foundation, against the backdrop of an enabling environment, and according to the specific contexts of different settings.
In Africa stigma has been identified as the
key challenge to prevention and care efforts,43
and in Botswana stigma and discrimination
are still widespread.44 Human rights protection and promotion are central to the
response to HIV/AIDS and the achievement
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Couples HIV Counseling and Testing
as an Entry Point to HIV Care
Anchilla Mary Owor,a Andrew Mujugira,b and Linda Kavumab
Tibotec Pharmaceuticals Global Access Progam, Botswana
Department of Global Health, University of Washington, United States

a

H

IV counseling and testing continues to be one of the most critically
important interventions for both the prevention of HIV and the care of individuals living with HIV, their families, and their communities.1-4 HIV infection is largely asymptomatic and
may not become symptomatic for up to 10 years.5
During the asymptomatic period, people living
with HIV may not access prevention and care
services if they do not know their HIV status, and
may inadvertently transmit HIV to their sexual
partners. 6 Knowledge of one’s HIV status has
been shown to modify sexual behavior in some
high-risk groups. In a meta-analysis of 27 voluntary counseling and testing (VCT) studies, unprotected coitus and increased condom use among
concordant HIV-positive and serodiscordant (i.e.,
one partner HIV-positive and the other HIVnegative) couples undergoing VCT decreased
more than among those who were HIV-negative
or did not undergo VCT.7 Counseling and testing appears to be most effective at reducing risk
behaviors among HIV serodiscordant couples,
since the HIV-negative partner is at high risk of
HIV acquisition.4,8

HIV serodiscordance is common in subS aharan Africa, ranging from 3% to 20%,9-12 and
most new HIV infections in this region occur in
stable serodiscordant sexual partnerships.13-15 For
example, in 2005 up to 80% of people living with
HIV in Uganda did not know their HIV status
because they either had not been tested for HIV or
had been tested but did not receive their results.13
In addition, limited disclosure in sexual partnerships means that few partners know one another’s
HIV status and are therefore not empowered to
take risk reduction measures.16-18
There are a variety of proven models for the provision of HIV counseling and testing services, some of
which may be used in combination. These include
• voluntary counseling and testing;
• routine diagnostic and clinical testing;
• prevention of mother-to-child transmission
(PMCT);
• counseling and testing for adolescents/youth;
• family-based counseling and testing;
• couples HIV counseling and testing; and
• provider-initiated testing and counseling.
The focus of this chapter will be on couples HIV
counseling and testing (CHCT) as an important
entry point for HIV/AIDS care.
hiv prevention, counseling, and testing
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Family-Based Approaches to
Counseling and Testing
In the past, most models of HIV counseling and
testing have tended to focus on individuals.19
Family-based counseling and testing, as well as
CHCT, are more recently developed interventions
that target more than one individual in a household and couples and/or family members in particular.20 For instance, CHCT, in addition to providing HIV counseling and testing, can help build
alliances between members of a presexual or sexual
relationship. This model of counseling is aimed
at empowering couples to make informed choices
about HIV testing and to work together to cope
with the implications of their test results.
Similarly, family-based counseling and testing empowers members of a particular household
(sometimes including children) to receive HIV
testing and counseling in a supportive, familyfocused environment. This approach has been
successfully used by many organizations to initiate
antiretroviral therapy (ART), facilitate ART adherence, and reduce antiretroviral drug sharing by
household members.
Both of these interventions are based on the belief
that it is easier to transition HIV-tested couples and/
or families from their initial counseling visit through
to a broader referral network than when counseling and testing is done individually. A family-based
approach can ease the process of disclosure to partners and family members and can help ensure that
all those affected gain access to needed services.
Provider-initiated testing and counseling
(PITC) is often used in conjunction with CHCT
and is designed to integrate the routine provision
of HIV counseling and testing services in a range
of clinical settings. In this model, it is the health
service provider that encourages and empowers
their clients to undergo testing. This is in contrast
to other counseling and testing interventions like
VCT, in which clients seek out counseling and
688

testing services voluntarily. In PITC, the client
always has the right to opt out of taking the test.
The role of PITC in CHCT is to
• provide the couple with the opportunity to get
to know their results together so that they are
better able to provide emotional support to one
another and make informed choices based on
their results;
• provide opportunities for couples to access
immediate treatment (if warranted) and to
make choices about future treatment options as
well as other care and support services;
• facilitate identification of people that are eligible
for ART; and
• help identify individuals in previously discordant relationships that have since seroconverted, so that they may access appropriate
treatment, care, and support.
Deliberate steps need to be taken to ensure that
the CHCT referral and HIV status disclosure process
is properly managed and that follow-up measures are
in place.20 If these additional steps are not included as
part of the CHCT process, the counseling intervention alone will not be effective. The following sections outline some of the key benefits of CHCT as an
entry point to HIV/AIDS care, treatment, and prevention services in resource-limited settings.

Benefits of CHCT
The goal of CHCT is to empower couples to prevent the transmission of HIV and to help them
provide care, support, and compassion for one
another.21 Couples are also supported, when appropriate, to disclose their HIV status to their families
as well as other members of their community. An
additional benefit of CHCT is that when disclosure does occur, family and community support is
actively sought and encouraged.
CHCT is appropriate for many types of couples, including presexual couples, dating or
engaged couples, married or cohabitating couples,
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CHCT as an Entry Point to HIV/AIDS Care
CHCT is a critical entry point to comprehensive
HIV/AIDS care. Through CHCT, HIV care can be
facilitated at the family, community, and institutional levels. The CHCT intervention is typically
comprised of two sessions, the initial session and
the second session. The initial session introduces
the couple to CHCT and prepares them for their
HIV test and the potential results (see Figure 1).
The second session consists of additional counseling based on the couple’s test results, discussion
of risk reduction strategies, and, if one or both
partners are found to be HIV-positive, referral to
appropriate HIV-related services. The following
sections highlight the importance of linking CHCT
with different levels of care.
Family Level
Partners are provided with their HIV test results
as part of the CHCT process. During the first and
subsequent sessions, couples are empowered to
discuss issues pertaining to risk reduction and to

work out realistic risk reduction strategies based
on their HIV status. This process can also help
couples to consider the need for and benefits of
both medical and psychosocial care and support.
Acceptance of their HIV status allows the couple
to openly discuss their status, either in a counselormediated or nonmediated environment, with close
family members, including children, in an appropriate manner.23,24
To facilitate the disclosure process, it is important that local and culturally age-appropriate roleplaying scripts on methods of HIV status disclosure
are provided during the counseling session. These
scripts will help couples to initiate discussions with
one another and with other family members and to
prepare for any difficult questions or other issues
that may come up during the disclosure process.
Role-playing may sometimes be done with assistance from local folk storytellers or other HIVtested couples who have previously disclosed their
HIV status.
Community Level
CHCT enables the couple to mutually discuss their
options for disclosure, especially regarding disclosure to extended family members, friends, and
community members. CHCT also helps the couple
cope with potential stigma and discrimination and
can promote the couple’s involvement in community initiatives through advocacy or involvement in
community-based peer support groups. This level
of community engagement is part of the referral
process and can facilitate awareness of and access
to other HIV care services. It should be noted that
couples that are not ready or willing to disclose
their HIV status to a wider network within their
community are still eligible for referrals to other
social services and support groups. However, these
couples should be made aware that community
disclosures can be an important tool for decreasing
social stigmatization and for promoting couples’
hiv prevention, counseling, and testing
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polygamous couples, and reuniting couples.22 The
benefits of providing CHCT within the context
of HIV/AIDS programs are many. CHCT provides an opportunity to address opportunities for
protection against infection for serodiscordant
couples, and for the protection of current and
future children. While transmission risk is highest
in serodiscordant relationships, CHCT has been
shown to greatly reduce rates of HIV transmission
among serodiscordant couples.22
CHCT also provides a safe environment for
couples to discuss issues pertaining to risk reduction. By receiving information together, they are better equipped to make mutual, informed decisions.
CHCT also helps couples identify appropriate additional services based on results, including care and
support services like sexually transmitted infection
management, ART initiation, and family planning.22

Introduce the couple to CHCT and obtain
concurrence to receive couple services

Component I

Explore the couple’s relationship and
reason for seeking CHCT services

Component II

Discuss couple’s HIV risk
issues and concerns

Component III

Prepare for testing and discuss
possible results

Component IV

After these four components
are completed, the couple
is ready for their HIV test.

Rapid HIV test

Figure 1. Components of the initial CHCT session
Source: Centers for Disease Control and Prevention.22

confidence in accessing referral services. To help
the couple identify services available in their community, the CHCT counselor should provide them
with a standardized list of locally available HIVrelated services.
Institutional Level
CHCT helps couples seek care and support from
various health systems and organizations. The type
of support sought may range from various forms of
medical care to psychosocial support. In terms of
medical care, CHCT provides couples with specific
referrals to health-care providers for themselves
and their family members, including children.
Types of nonmedical referrals include professional
and religious marriage counselors, social welfare
690

support programs, NGO and charitable legal consultancies for will writing, life insurance and
investment advice, and scholastic sponsorship programs for children. There is often a greater chance
of compliance with these referrals in the context of
CHCT due to the mutual agreements and understanding that is established between partners during the counseling session. Of equal importance,
couples’ openness to HIV status disclosure can
facilitate enrollment of children into HIV-related
health services and other essential programs.
Establishing a referral process for a wide variety of HIV/AIDS service providers must be carefully planned and executed. In the context of a
CHCT program, it is important that the people
charged with establishing and/or strengthening
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• CHCT can be integrated into various types of
care, treatment, and prevention interventions.
• CHCT can serve as an entry point to care for
the couple’s children, should they test positive
for HIV or have other unmet needs.

Conclusion

Recommendations

Lessons Learned
The following are some of the lessons culled from
the experiences of CHCT providers in resourcelimited settings:
• CHCT is a critical intervention for both prevention and care. It assists couples in making appropriate prevention and care choices for themselves and their families, especially children.
• CHCT facilitates disclosure by having partners
learn their HIV serostatus together in a supportive environment.
• CHCT is a way to address the challenges and
dynamics of HIV serodiscordance among
couples.
• It is challenging to introduce CHCT in rural
communities. Most people in these areas still
prefer to test as individuals due to fear of stigma
and discrimination.
• In the era of ART, CHCT provides an opportunity for members of HIV-positive couples as
well as HIV-discordant couples to be the medical companion for their partner.

There is need for various stakeholders, such as
grassroots health organizations and medical
research institutions, as well as policy and decision
makers, to advocate for incorporation of CHCT into
a range of HIV/AIDS prevention and care interventions. Such an approach is critical in facilitating
disclosure among partners and in ensuring access
to HIV care for other family members. Integration
of CHCT into various programmatic interventions,
such as PMTCT and home-based care, provides
opportunities for couples to care for and support
one another and their children and extended families. Integration may be achieved through the forging of referral linkages from a CHCT provider to
other HIV-related programs and services within
the community.
CHCT can also be used as a tool to address the
challenges of stigma and discrimination in general and between couples and families in particular. This approach can be promoted through the
provision of CHCT training to health providers
and by facilitating subsequent referrals from such
health providers.
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the referral process possess the appropriate skill
set. Maintaining contact with an ever-changing
network of providers and establishing channels for
follow-up can be extremely time consuming as well
as challenging, even under the best conditions.
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Routes and Risks of Motherto-Child Transmission
More than 90% of HIV infections in children are
attributed to mother-to-child transmission of HIV
(MTCT). In the absence of any intervention, MTCT
rates can vary from 15% to 30% without breastfeeding and can reach 30% to 45% with prolonged breastfeeding, depending on population and regional differences.5 Women at greatest risk of transmitting
HIV to their children are those with a high HIV
viral load, which is often associated with immunosuppression and clinical disease progression.6
Transmission can take place during pregnancy,
labor or delivery and during breastfeeding, and can
therefore affect the fetus, newborn, infants, and
young children (Figure 1). The risk of MTCT varies among individuals and populations and can be
attributed to a variety of maternal, obstetrical, fetal,
neonatal, and viral factors, as well as infant feeding
methods.7 Maternal risk of transmitting HIV to the
infant is determined by her immunological status,
clinical staging, sexual behavior, and nutritional status, all of which affect HIV viral dynamics. Risk of
MTCT during labor and delivery is also potentially
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n order to approach the low rates
of mother-to-child HIV transmission seen in
developed countries, the as-of-yet unresolved
questions surrounding the risks and benefits of
breastfeeding among HIV-positive mothers in
resource-limited settings must be addressed. Yet
there is no clear-cut, “one size fits all” solution.
Despite its associated risk of HIV transmission,
breastfeeding plays an important role in maintaining child health in many of the same settings that
are severely affected by HIV and AIDS. The avoidance of breastfeeding can have profoundly negative
effects on the health and survival of young children, leading to recurrent respiratory infections,
gastrointestinal diseases, otitis media, atopic dermatitis, and malnutrition.1-4 These negative impacts
are especially felt among the most economically
disadvantaged populations. In this chapter, we will
discuss the role of breastfeeding in the transmission of HIV from mother to child, and we will
present recent evidence regarding various methods
to reduce the health risks associated with different
infant feeding practices for infants born to women
living with HIV.

Percent of population in developing countries

50
45
40

Pregnancy
Labor and Delivery
Breastfeeding

10–20%
risk

10–20%
risk

10–20%
risk

10–20%
risk

5–10% risk

5–10% risk

5–10% risk

No
breastfeeding

Breastfeeding
for 6 months

Prolonged
breastfeeding
for 18–24 months

35
30
25
20
15
10
5

5–10% risk

Figure 1. Percentage of risk of mother-to-child transmission during pregnancy, labor and delivery, and
breastfeeding in developing countries5 in the absence of antiretroviral and other proven interventions
influenced by the presence of ascending infections
due to longer duration (more than four hours) of
membrane rupture, exposure to maternal blood
during intrapartum hemorrhage and certain obstetric procedures, invasive fetal monitoring, and mode
of delivery. Intrauterine risk of transmission is
influenced by fetal immaturity, genetic susceptibility, multiple pregnancy, and aggressive suctioning
in the neonate could also increase neonatal vulnerability to HIV transmission through ingested contaminated maternal fluids and breast milk.

Risks and Benefits of
Breastfeeding
A meta-analysis conducted by the World Health
Organization (WHO) in 2000 confirmed that breastfeeding is associated with reduced infant mortality
in developing countries (the analysis did not look at
HIV status).1 The analysis found that in infants who
were not breastfed, the risk of dying was 4 to 6 times
higher in infants under 4 months compared with
698

those who were breastfed; the risk of death decreased
with increasing age. A 2003 Lancet child survival
series paper asserted that among the numerous basic
interventions available to prevent the more than
10 million deaths occurring annually among children under 5 years of age in developing countries,
breastfeeding was the most efficacious, estimated
to prevent 13% of child deaths.8 Breastfeeding was
found to be superior to several basic public health
interventions including clean water, sanitation, and
personal hygiene; Hib and measles vaccines; and
vitamin A and zinc supplementation. Furthermore,
secondary data analysis from a multicenter, randomized, controlled trial of vitamin A supplementation in
three developing countries showed that nonbreastfed
infants had a 10 times higher mortality risk compared
to predominantly breastfed infants by 6 months of
age.3 It should also be emphasized that breastfeeding
is critical to health throughout the human lifecycle,
as its imprint is discernible throughout childhood
and into adulthood.
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Role of Breastfeeding in
HIV Transmission
There is absolutely no doubt that breastfeeding
contributes a substantial proportion of the overall transmission of HIV-1 from the mother to the
infant. The exact proportion of transmission attributable to breastfeeding varies according to a number of different factors (e.g., maternal CD4 count,
duration and type of breastfeeding10-12), which will
be discussed in more detail later in this chapter.
The only randomized controlled trial to assess
breastfeeding transmission, undertaken in Nairobi,
Kenya, by Nduati and colleagues in 2000, found
the proportion of HIV transmission attributable
to breastfeeding to be 44%.13 This same study also
found an MTCT rate of 36.7% over 24 months in
breastfeeding women, compared to an MTCT rate
of 20.5% in those who formula fed. There were no

ARVs available in Nairobi at the time; therefore,
these results reflect a natural history of the disease.
The most simple interpretation of these data, which
does not include a consideration of other risk factors involved in the transfer of HIV from mother
to infant, is that transmission attributable only to
breastfeeding is roughly 16.2%.
The findings from a nonrandomized trial in
Durban, South Africa, conducted during roughly
the same period, gave almost identical results: an
MTCT rate of 35.9% in breastfeeding women and
19.4% in those who formula fed.14 There have been
a number of other studies from West Africa, South
Africa, Kenya, Malawi, and Uganda, among other
places, that have confirmed these findings.10,12 In
a meta-analysis of individual patient data from
4,085 infants born to HIV-1-infected women in
high-prevalence, developing countries, the main
findings on MTCT were similar to those in the
Durban study, although the rates of transmission
were expressed differently: 8.9 transmissions per
100 child-years of breastfeeding.15 An important
result from this meta-analysis, at variance with
other reports suggesting higher MTCT rates during the early weeks after birth, was that the rate of
transmission was found to be constant throughout the 18-month breastfeeding period; in other
words, transmission was observed to continue
steadily as long as breastfeeding continued. Thus, a
more practical expression of these findings, based
on the meta-analysis results, is that HIV transmission occurs at a constant of about 0.74% for every
month of breastfeeding.

Breastfeeding versus Formula Feeding
A rising tide of new information from published
and ongoing studies throughout sub-Saharan Africa
has focused attention on the hazards of avoiding
breastfeeding altogether or stopping breastfeeding too early for HIV-exposed infants. The harmful effects of breastfeeding avoidance have mostly
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Providing appropriate counseling to HIVpositive women enables them to make infant
feeding choices that are best suited to their circumstances. Breastfeeding is the optimal form of
infant feeding for at least six months, and ideally
for up to two years, but it also can transmit HIV
to the infant. Avoidance of breastfeeding and use
of replacement feeding (most often commercially
obtained infant formula or other breast milk substitutes such as cow’s or goat’s milk) carries no risk
of transmitting HIV but does put the infant at risk
of exposure to harmful agents. These agents may
be present in weaning foods (e.g., black tea without sugar or milk, rice water, maize porridge) and
can also be present in the water used to make the
formula.9 Risks of slowed growth, malnutrition,
diarrhea, hospitalizations, and death are all associated with the use of formula in developing countries. The main factor determining which form of
infant feeding is most suitable is the capacity of the
mother and/or other caregivers to prepare the formula hygienically.

Table 1. Risk Factors for Postnatal HIV-1 Transmission16-20
Maternal Factors
n
n
n

Younger maternal age, lower parity
Maternal seroconversion during lactation
Material immune status (CD4)

Infant Factors
n
n

Infant health (oral thrush, prematurity)
Pattern infant feeding (exclusive versus mixed)

been seen among HIV-uninfected infants. This
group demands serious attention as prevention of
mother-to-child transmission (PMTCT) programs
continue to reduce the incidence of perinatallyacquired pediatric HIV infections and increase
the proportion of HIV-exposed, uninfected
infants. A randomized controlled trial in Botswana
showed that formula feeding did reduce MTCT as
expected, but that replacement feeding increased
infectious-disease mortality by 7 months of age.21
At 18 months, more breastfed babies had become
HIV-infected, but more formula-fed infants had
died; the combined index of HIV transmission and
mortality (i.e., HIV-free survival) was therefore
similar between the group assigned to formula and
the group in the breastfeeding arm. Similarly, in a
study from Zambia, early cessation (at 4 months)
of breastfeeding revealed no advantage over continued breastfeeding for longer periods. 22 The
24-month HIV-free survival in the group of infants
who ceased breastfeeding at 4 months was similar
to the group of infants who continued breastfeeding (83% vs. 81%). In a study from Côte d’Ivoire,
women were allowed to choose either formula
feeding from birth or exclusive breastfeeding from
birth. The HIV-free survival rate was similar in the
two groups in the second year of life.23 These studies demonstrate that despite the financial, social,
700

Breast Milk Factors
n
n
n

Plasma and breast milk viral load
Duration of breastfeeding
Breast health:
Mastitis (clinical and subclinical)
Breast abscess
Cracked nipples

Viral Factors
n
n

Plasma viral load
Viral clade-C

and health system investments in promoting and
supporting the wider use of formula and the curtailment of breastfeeding among women living
with HIV, there is questionable, if any, benefit in
switching away from breastfeeding.
In Botswana, one of the more economically
advantaged African countries, a catastrophic outbreak of diarrhea occurred during early 2006 and
resulted in many fatalities that were ascribed to
the use of infant formula.24 The government had
started providing free formula to HIV-positive
mothers in 1999 as part of its MTCT prevention
program. The largest risk factor for these deaths
was found to be “not breastfeeding” (OR 50.0;
95% CI, 4.5-100). The PEPI25 (Post-Exposure
Prophylaxis to the Infant) trial in Malawi, in which
three prophylactic ARV regimens are being tested
in breastfeeding infants, has shown an increased
incidence of diarrhea and associated mortality
soon after discontinuing breastfeeding, compared
to a historical control with continued breastfeeding. The Kisumu Breastfeeding study (KiBS) in
Kenya,26 and the Breastfeeding, Antiretrovirals
and Nutrition (BAN) study in Malawi,27 which are
testing the effects of maternal combination antiretroviral therapy (ART) on breastfeeding transmission of HIV, have also reported growth faltering, increased incidence of diarrhea, and more
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Table 2. Prevention of HIV-1 Transmission from Breastfeeding
n
n

Infant Feeding Options

n
n
n
n
n
n
n

Immunoprophylaxis

n
n

Chemoprophylaxis

n
n

Policy Options

n

n
n

n

n

Prevention of HIV infection in women of childbearing age
Prevention of unintended pregnancies (contraception, termination of
pregnancies)
Exclusive breastfeeding for six months
Exclusive breastfeeding with early cessation
Measures to reduce mastitis and breast milk stasis
Measures to improve breastfeeding practice and breast health
Treatment of breast milk (heat, antivirals)
Breast milk banks
Wet-nursing by HIV-uninfected women
Passive: specific antibodies, immune globulins
Active: vaccination at birth
Antiretrovirals (ARVs) to infant or mother or both through breastfeeding
Effective ARV regimens for all HIV-positive pregnant women,
and combination antiretroviral therapy for those with advanced
immunosuppression
Enforce the “International Code of Ethics for Marketing of Breast Milk
Substitutes”
Implement the “Baby-Friendly Hospital Initiative”
Replace budgetary outlays on “Free Formula” with investments in
improved health services, community outreach programs, job creation,
income generation schemes, and so forth
Stringent selection, suitable training, continuous mentorship, regular
monitoring, fair remuneration, and an identifiable career pathway
Optimized counseling according to the text and spirit of WHO
Guidelines

Source: Reprinted with permission from: Coovadia H, Bland R. Preserving breastfeeding through the HIV pandemic. Trop
Med Int Hlth. 2007;12(9):1116-1133.

hospitalizations following cessation of breastfeeding at about six months of age. In a study in
Kampala, Uganda, serious gastroenteritis followed
breastfeeding cessation during a trial on passive
immunization with immunoglobulins to prevent
breastfeeding transmission.28
There is evidence of significant benefit for continued breastfeeding of HIV-infected infants from
two studies, one from South Africa29 and the other
from Zambia.22 In the Zambian study, conducted
among 153 HIV-infected infants, the mortality at
12 months was found to be higher in the group
that stopped breastfeeding at 4 months (57%),

compared with the group that continued breastfeeding (29% [P<.01]).22

Prevention of Breastfeeding
Transmission
The factors that increase the risk of breastfeeding
transmission of HIV are given in Table 1. Measures
that can be used to reduce these risks are listed
in Table 2, the most important of which are the
management of pregnant women with low CD4
counts, the promotion of “exclusive breastfeeding”
and avoidance of “mixed breastfeeding,” the use of
ARVs for the lactating mother, and strengthening
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of existing global policies on breastfeeding that
include measures to improve breastfeeding practice and breast health. These policies should continue to promote breastfeeding for six months or
longer for women who are HIV-negative or whose
HIV status is unknown. In addition, these policies
should ensure initial and ongoing counseling for
HIV-positive women regarding guidance on infant
feeding choice or change in practice based on
affordability, feasibility, acceptability, sustainability
and safety (AFASS) of replacement feeding.
There is convincing evidence that the type of
breastfeeding influences rates of HIV transmission.
“Exclusive breastfeeding,” defined as providing the
infant with breast milk and prescribed medicine but
no water, other liquids, or food, has been associated
with markedly lower HIV transmission rates; “mixed
breastfeeding” or “nonexclusive breastfeeding”
carries the highest risk of transmission. A Durban
study in 1999 showed that the MTCT at six months
in exclusively breastfeeding mothers (19.4%) was
similar to that in mothers who were formula feeding
(19.4%) and considerably lower than in those who
were mixed breastfeeding (26.1%).30 This study provided the first evidence indicating that the type of
breastfeeding promoted by WHO and others as optimal for infant growth and development well before
the arrival of HIV is also optimal for HIV-positive
mothers. However, the evidence from this study was
not enough to spur a change in policy, as the study
had set out to do a vitamin A trial and not specifically
assess the value of “exclusive breastfeeding” among
HIV-positive mothers. In addition, the mothers had
only breastfed exclusively for three months, rather
than the maximum period of six months.a
The same group behind the Durban study
recently completed a much more carefully designed
study involving 2,722 mothers and infants.11 In

the more recent study, roughly half of the women
were HIV-positive, all the women were vigorously
encouraged to breastfeed exclusively, and there was a
rigorous determination of the breastfeeding pattern.
There were two important outcomes from this study
related to breastfeeding: (1) the health promotion
intervention was successful in changing women’s
behavior from “mixed” to “exclusive” breastfeeding (from about 6% of the women who breastfed
exclusively before the intervention to 66% after)
and (2) the rate of HIV transmission from 4 weeks
to 6 months in the exclusively breastfed group of
infants was found to be 4%. The rate of HIV transmission among breastfed infants who also received
solids (homemade cereals and porridges) anytime
after birth was 10 times higher than the rate among
those who exclusively breastfed. The rate of HIV
transmission among those who formula fed and
breastfed interchangeably was twice as high as for
exclusive breastfeeding.
A study in Zimbabwe observed HIV transmission rates among infants who were exclusively
breastfed (EBF; the infant consumed only breast
milk and no other liquids, milks or solid foods
except vitamins or prescribed medicines, according to mothers’ reports at all three study timepoints, or at two of three timepoints), infants who
were predominantly breastfed (PBF; the infant’s
predominant source of nourishment was breast
milk, but nonmilk liquids, such as water, tea, juice,
and cooking oil, were also consumed according to
mothers’ reports at all three timepoints, or at two
of three timepoints) and infants who were mixed
breastfed (MBF; the infant consumed breast milk
and either nonhuman milks, such as infant formula or cows’ milk, or solid or semisolid foods or
both, according to mothers’ reports at one or more
timepoints). Transmission rates between 6 weeks

Breastfeeding can be “exclusive” for up to six months, as mother’s milk is sufficient to provide all the
nutrients necessary for infant growth during this period. After six months, other foods must be introduced
to meet the needs of the growing child.

a
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Antiretroviral Drugs during Pregnancy
and Postpartum
There is overwhelming evidence that ARVs are
highly efficacious in preventing the transmission
of HIV from mother to child. ARVs can be effective either as a long-term treatment or short-term
prophylaxis in pregnant women with established
chronic HIV infection or as prophylaxis to infants
after exposure to HIV. Since the world’s first clinical
trial (Pediatric AIDS Clinical Trials Group [PACTG
076]) in Europe and the United States in 1994 investigating the use of zidovudine (ZDV) from 14 weeks
into pregnancy for the mother to 6 weeks postdelivery for the infant, together with breastfeeding avoidance, no other clinical trial using a single
agent has achieved a similar rate of efficacy (67%)
in reducing MTCT.36 Two other studies in developed
countries highlighted the role of combination drugs
as opposed to single drugs in achieving a five-fold
reduction in MTCT.37,38 The efficacy and safety findings from these groundbreaking studies have contributed to policy changes in the United States as
well as other developed countries.39 The adoption of

these combination ARV regimens has resulted in a
dramatic and sustained reduction of MTCT rates of
less than 2% in these settings.40
There were several initial challenges to implementing the long and complex PACTG 076 regimen in developing countries. A key challenge was
that of addressing breastfeeding transmission of
HIV. As a result, a series of 16 more practical, safe,
and effective short-course regimens were subsequently evaluated in developing countries (Tables
3 and 4). Regimens evaluated included those with
shorter courses of nucleoside reverse transcriptase
inhibitors (NRTIs), such as ZDV, alone or in combination with other drugs; non-nucleoside reverse
transcriptase inhibitors (NNRTIs) alone, such as
nevirapine (NVP); and others in which NVP was
combined with NRTIs (e.g., ZDV, lamivudine
[3TC]). These regimens were evaluated over varying
durations and given during the antepartum, intrapartum, and postpartum periods. The common goal
of each study was to achieve the highest reduction
in MTCT using the most cost-effective and practical
regimen. Results from the trials in nonbreastfeeding
populations using shorter regimens of ZDV alone
or in combination with NVP achieved perinatal
transmission rates of less than 10%.21,41-45
A second generation of studies in breastfeeding populations using NVP alone or in combination with ZDV or 3TC recorded transmission rates
of between 2% and 20%.46-55 The single-dose NVP
(sdNVP) regimen was found to reduce transmission
by 42% to a rate of 12% at 6 weeks.47 Because of the
cost-effectiveness and simplicity of the single-dose
regimen, it has been recommended by WHO as
the minimal regimen to be provided in developing
countries when there is no access to ART or combination ARVs for MTCT prophylaxis.56 The efficacy of sdNVP is maintained into the second year
of life.57 The Thailand Perinatal HIV Prevention
Trial-2 (PHPT-2) study using ZDV alone from
28 weeks in pregnancy, or ZDV in combination
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and 6 months were reported to be 1.3% in the EBF
group; early mixed breastfeeding was associated
with a 4- to 2.5-fold higher risk of transmission
between 6 months and 18 months, respectively.31
There was a dose effect: lesser degrees of “exclusivity” among infants who were predominantly
breastfed were associated with higher rates of HIV
transmission.
Research projects in Uganda, Côte d’Ivoire, and
Zambia have confirmed that reductions in HIV
transmission are possible through exclusive breastfeeding.22,32,33 Furthermore, recent studies on exclusive
breastfeeding among infants born to HIV-positive
mothers in South Africa, Malawi, and Zambia, and
among infants born to women from the general population, have shown that exclusive breastfeeding is
associated with improved infant survival.11,22,34,35

704

From the ground up: Establishing a Framework for Success
Mono/
Dual/
Dual+PI

ZDV+3TC

ZDV

Thailand PHPT-243

PI = protease inhibitor; ZDV = zidovudine; 3TC = lamivudine; NVP = nevirapine
= Antiretroviral prophylaxis for mother only
= Antiretroviral prophylaxis for infant only

PACTG31638

France ANRS37

ZDV

ZDV+3TC

Thailand Ministry45

Thailand PHPT-243

ZDV

ZDV

Thailand CDC-200444

Thailand PHPT41
ZDV

ZDV

Thailand PHPT-243

Botswana (HARVARD)21

ZDV

Thailand PHPT41

ZDV

ZDV

Thailand PHPT41

PACTG07636

ZDV

>34–36

Thailand CDC-199942

28–34
ZDV

14–28

Thailand PHPT41

<14

Antepartum (weeks)
Antiretrovirals (ARVs)

ZDV+NVP

ZDV+NVP

ZDV+NVP

ZDV+NVP

ZDV+NVP

ZDV

Labor

Intrapartum
ARVs

ZDV+NVP

ZDV+3TC

ZDV+NVP

ZDV

ZDV

ZDV+NVP

ZDV

ZDV+NVP

ZDV

ZDV

ZDV

ZDV

ZDV

ZDV

1 week (w)

ZDV

4w

6w

2mo

6mo

1.4

1.6

2

2.8

2.8

4.6

4.7

5.6

6.3

6.5

8.3

8.6

9.4

10.5

8w–24mo

Postpartum ARVs and Transmission Rates (%)

Table 3. Options for Antiretroviral Prophylaxis for Prevention of Mother-to-Child Transmission in Nonbreastfeeding Populations and
Transmission Rates
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NVP

HIVNET 01247

prevention of mother-to-child
transmission of hiv

NVP

NVP

NVP

NVP

ZDV+NVP

ZDV+NVP

ZDV+NVP

NVP

ZDV

4w

6w

2mo

6mo

15.7

20

22.5

22.5

25.8

15mo–
24mo

continued on next page

11.8

12.3

14.1

14.2

14.3

15.3

15.5

16.3

16.5

17.8

18

18.1

20

20.9

8w–
24mo

Postpartum ARVs and Transmission Rates (%)
1 week (w)

ZDV = zidovudine; 3TC = lamivudine; NVP = nevirapine; ddI = didanosine; m = mother; i = infant
= Antiretroviral prophylaxis for mother only
= Antiretroviral prophylaxis for infant only
= Antiretroviral prophylaxis for mother and infant

NVP

SAINT53

ZDV+3TC

ZDV+NVP

NVP

NVP

NVP

ZDV

ZDV

Malawi (NVAZ)46

PETRA52

South Africa (PEP)48

Malawi (NVAZ)46

Zimbabwe50

Malawi (NVAZ)46

Ivory Coast CDC51

Zimbabwe50

Ivory Coast ANRS49

South Africa (PEP)48

ZDV

Labor

ZDV

>34–36

HIVNET 01247

28–34
NVP

14–28

Intrapartum
ARVs

Malawi (NVAZ)46

<14

Antepartum (weeks)
Antiretrovirals (ARVs)

Table 4. Options for Antiretroviral Prophylaxis for Prevention of Mother-to-Child Transmission in Breastfeeding Populations and
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ZDV+NVP

ZDV

Labor

ZDV+ddI

ZDV+ddI

Uganda, Rwanda58
(SIMBA)

3TC (i)

ZDV+ddI
(m)

NVP (i)

ZDV+ddI
(m)

ZDV+NVP

ZDV+NVP

ZDV+NVP

ZDV+3TC

ZDV+3TC

ZDV+NVP

ZDV+3TC

ZDV+NVP

ZDV+3TC

ZDV

ZDV

ZDV

4w

3TC

NVP

3TC

6w

2mo

6mo

2.4

3.7

4.3

4.7

5.1

5.7

6.5

8.9

9.1

9.3

8w–
24mo

Postpartum ARVs and Transmission Rates (%)
1 week (w)

ZDV = zidovudine; 3TC = lamivudine; NVP = nevirapine; ddI = didanosine; m = mother; i = infant
= Antiretroviral prophylaxis for mother only
= Antiretroviral prophylaxis for infant only
= Antiretroviral prophylaxis for mother and infant

ZDV+ddI

ZDV+ddI

ZDV

ZDV+NVP

ZDV+3TC+NVP

ZDV+3TC

Uganda, Rwanda58
(SIMBA)

ZDV

Botswana (HARVARD)21

ZDV+3TC

Ivory Coast ANRS49
ZDV

ZDV+3TC

Tanzania (MITRA)54

Botswana (HARVARD)21

ZDV+3TC

PETRA52

ZDV+NVP

ZDV

ZDV

>34–36

Ivory Coast ANRS49

28–34

ZDV+3TC

14–28

Intrapartum
ARVs

PETRA52

Botswana (HARVARD)21

SAINT53

<14

Antepartum (weeks)
Antiretrovirals (ARVs)

Table 4. Options for Antiretroviral Prophylaxis for Prevention of Mother-to-Child Transmission in Breastfeeding Populations and
Transmission Rates (cont.)

14.9

18.1

15mo–
24mo

Combination ART
Advanced immunosuppression caused by HIV
resulting in decreased numbers of CD4 cells (usually
below 200 cells/mm3) is a powerful determinant of
vertical transmission. In the second Durban study
referred to previously, the cumulative MTCT rate at
six months among women with CD4 counts less than
200 cells/mm3 was more than double that in women
with CD4 counts greater than 200 cells/mm3.11
A high degree of immunosuppression is an indication for ART for all HIV-positive individuals,
and pregnant women are no exception. It follows
that ART should be initiated in the antenatal period
for all pregnant women with low CD4 counts, and
continued after delivery throughout their lifetime.

This therapeutic indication for the mother may
translate into a prophylactic tool for the breastfeeding baby.
It has been well established in developed countries that maternal combination ART will reduce
MTCT to about 2% or less.59 To date, there is no
firm evidence that prophylactic maternal ART
in women with CD4 counts above 200 cells/mm3
can reduce breastfeeding transmission, given the
persistence of HIV viral reservoirs in breast milk
cells despite ART,60 differences in mammary penetration of ARVs into the breasts,58,61 and likely
fluctuations in availability of these drugs to the
breastfeeding infant. However, there has been preliminary evidence that maternal ART for treatmenteligible women may reduce postnatal HIV transmission, based on program data from Botswana,
Mozambique, and Uganda.62

Potential (Unproved)
Prophylactic Measures
There are a number of studies under way that are
addressing the prophylactic role of HIV vaccines
and passive immunoprophylaxis with HIV antibodies administered to breastfeeding infants to
minimize transmission through this route. ARV
prophylaxis given to breastfeeding infants is being
investigated at a number of sites in Africa.

Breastfeeding, HIV, and
Policy Changes
The studies cited in this chapter have allowed for
improved and more accurate infant feeding counseling for women, allowing them to make informed
choices about feeding methods for their infants
that are appropriate to their circumstances. Key
recommendations resulting from these findings
are included in this section.
National policies on HIV and infant feeding should be framed and implemented according to the best available and most appropriate
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with the sdNVP given to both mother and infant, or
to the mother only, demonstrated that the combination ARVs (NVP added to ZDV) were superior to
ZDV alone.43 Furthermore, the study demonstrated
that despite the significantly lower transmission
rates achieved by NVP dosing in women only, the
“consistent better” transmission rates achieved with
women-infant NVP dosing and the lower baseline
viral load in the former group led the authors to
recommend that both mother and infant NVP be
added to ZDV for prevention of MTCT. It is important to note, however, that the encouraging results
of the PHPT-2 study were obtained in nonbreastfeeding populations.
Application of the PHPT-2 regimen (with addition of 3TC to ZDV) from 32 weeks among breastfeeding mothers in Côte d’Ivoire reduced transmission to 4.7% at 6 weeks.43,49 The Mashi study
in Botswana, in which ZDV was commenced at
34 weeks and given together with perinatal NVP,
demonstrated a transmission rate at 7 months of
5.6% in formula-fed infants and 9.0% in breastfed infants.21 Despite these findings, reduction of
breastfeeding transmission of HIV in developing
countries remains a challenge.

scientific evidence and global policies on breastfeeding should be reinforced (see “Policy Options” in
Table 2). In most developing countries the prevention of breastfeeding transmission of HIV requires
a boosting of health services and the health infrastructure; this is critical since only a fraction of the
mothers and infants who are eligible for HIV prevention and treatment services currently receive
them. Key requirements for the scale-up of PMTCT
services include improvements to and maintenance
of health facilities; reasonable access to health care;
community acceptance of state and other programs;
recruitment, training, and retention of appropriate
health professionals and health workers; and investments in large-scale (roads, transport, employment
opportunities) and small-scale (clinics, equipment,
clean water) infrastructure.63
Counselors need to be updated on the risks of
HIV transmission if women choose breastfeeding.
They may need to be retrained to accurately represent the risks according to the duration of breastfeeding to HIV-positive pregnant women in order
to allow them to make the best choice based on a
personal evaluation of risks. Women should be supported antenatally in making their infant feeding
choice, as well as postnatally in sustaining or changing their choice.
HIV-positive women, as is the case for all women,
should be afforded the right to choose the infant
feeding option that is most appropriate for them.
This can only be ascertained after effective counseling and in accordance with WHO guidelines that
stress that replacement feeding is recommended only
when it meets the AFASS criteria (acceptable, feasible, affordable, sustainable, and safe).64 The following recommendations (based on the views of investigators of the Durban study11) take into account the
basic rights of all women and evidence from related
studies mentioned previously and others cited here:
• National policies on infant feeding need to be
regularly reviewed.
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• Careful recruitment of counselors to assess literacy, basic mathematical skills, and potential
for acquiring counseling skills, together with
training according to the latest WHO guidelines on infant feeding, are critical to improving
“exclusive breastfeeding” rates.
• Antenatal counseling sessions—three sessions
in the first two weeks postnatally and two
weekly counseling sessions thereafter—can help
to achieve high exclusive breastfeeding rates.11
• Counselors need to be updated on the risks
of HIV transmission for women who exclusively breastfeed for six months and should be
retrained to represent these risks accurately to
HIV-positive pregnant women, thus empowering their clients to make the best choice based
on a personal risk evaluation. This particularly
relates to women whose CD4 counts are greater
than 200 cells/mm3. Counselors need to be similarly briefed on the risks of nonbreastfeeding
with respect to infant survival (i.e., increased
early mortality risk).
• Policy and budgets can be revised to promote and
support exclusive breastfeeding as a child survival intervention, knowing that it is achievable
and carries less risk of transmission than mixed
feeding. This action would improve survival in
both HIV-exposed infants when the mother
chooses to breastfeed and also in the larger HIVuninfected and unexposed infant population.
• Policies on free provision of infant formula
within clinics for the purposes of PMTCT should
be reviewed in light of the latest evidence.65
The following additional notes on infant feeding
choice should be considered:
• Some HIV-positive women are able to safely
use replacement feeding as part of a PMTCT
program. However, this is generally the case
only in more developed, urban environments
where there is dependable access to clean
water. Programmatic data, largely anecdotal
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•

•

•

exclusively formula feed, then she may not be
able to access support for exclusive breastfeeding and will almost certainly end up mix-feeding her infant. Support for “exclusive breastfeeding” should include trained peer counselors
who would (1) provide antenatal and postnatal
education, (2) increase confidence in women
that breast milk is safest for an infant, (3) ensure
proper attachment to breast such that the infant
can effectively suckle, (4) help resolve difficulties with breastfeeding, and (5) educate on
breast care.

Summary
The policy implications of this new information
on HIV and infant feeding are partly clear but also
require further research to establish the options
for feeding after six months. For the present, the
following recommendations proposed in a 2007
WHO consensus statement on infant feeding are
suggested62:
• The most appropriate infant feeding option
for an HIV-positive mother should continue
to depend on her individual circumstances,
including her health status and the local situation, but should take greater consideration of
the health services available and the counseling
and support she is likely to receive.
• Exclusive breastfeeding is recommended for
HIV-positive women for the first six months
unless replacement feeding meets AFASS criteria
for them and their infants before that time.
• When replacement feeding meets AFASS criteria, avoidance of all breastfeeding by HIVpositive women is recommended.
• At six months, if replacement feeding still does
not meet AFASS criteria, then continuation
of breastfeeding with additional complementary foods is recommended, while the mother
and baby continue to be regularly assessed. All
breastfeeding should stop once a nutritionally
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•

and unpublished in the peer-reviewed literature, does report the safe use of infant formula
with minimal impact on diarrheal incidence,
malnutrition, and death. Similarly, some
women in rural or even poor urban settings
can perform safe replacement feeding in spite
of conditions that are far short of the recommended AFASS criteria.
Modeling papers suggest that the use of formula
by HIV-positive women to prevent MTCT may
carry a lower risk of contamination and concomitant morbidity and mortality in some settings as
compared to others. The threshold-determining
settings that are “safe” for formula use can be
defined by the infant mortality rate criteria.66
Data indicate high risks of postnatal transmission associated with mixed feeding, which is
likely to be a direct consequence of free formula
provision. Unless very substantial support systems are in place both within the health sector
and in communities to promote and support
exclusive replacement feeding, the hazards of
mixed feeding will persist.
Some HIV-positive women are likely to choose
a free formula option even when they live in
circumstances that are nonsupportive and mitigate the benefits of safe and exclusive formula
feeding. These women may be likely to mix-feed
because of local pressures and expectations, or
to prepare and feed their infants in a dangerous
manner by incorrect reconstitution of powder
resulting in over- or underconcentrated feeds
that lead to obesity or failure to thrive, respectively. Incorrect reconstitution could frequently
occur as a result of use of an inaccurate or nonspecific powder scoop for measure or feeding
bottle of a variable volumetric measure or lack
of training on preparation of formula feeds.
Some HIV-positive women are likely to choose
the free formula option because of a perceived
financial benefit. If the woman chooses not to

•

•

•

•

•

•

adequate and safe diet without breast milk can
be provided.
Whatever the feeding decision, health services
should follow up with all HIV-exposed infants
and continue to offer infant feeding counseling and support, particularly at key points
when feeding decisions may be reconsidered,
such as the time of early infant diagnosis and at
six months of age.
Breastfeeding mothers of infants and young
children who are known to be HIV-positive
should be strongly encouraged to continue
breastfeeding.
Governments and other stakeholders should
revitalize breastfeeding protection, promotion,
and support in the general population. They
should also actively support HIV-positive
mothers who choose to exclusively breastfeed,
and take measures to make replacement feeding safer for HIV-positive women who choose
that option.
Research findings regarding interventions
found to reduce breastfeeding transmission of
HIV before and after weaning should be rapidly
integrated into public health services.
Likewise, research findings that improve the
safe and hygienic preparation of replacement
foods should be rapidly integrated.
National programs should provide all HIVexposed infants and their mothers with a full
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package of child survival and reproductive
health services as follows:
• For the majority of women who are HIVpositive, live in developing countries, and
choose to breastfeed: access to the most
effective and cost-efficient ARV regimen that
reduces perinatal transmission of HIV; exclusive breastfeeding for six months; reassessment
of AFASS criteria at six months, and continued
breastfeeding if justified by these guidelines;
optimal use of local resources for complementary feeding after weaning; access to community
and clinical services for routine child immunization, cotrimoxazole prophylaxis, treatment of
common childhood diseases, and ART.
• For a minority of women who are HIVpositive, live in developing countries, and
choose not to breastfeed: access to the most
effective and cost-efficient ARV regimen
that reduces perinatal transmission of HIV;
replacement feeding in place of breastfeeding
if AFASS criteria are met; support for improving household hygiene and safe preparation of
formula feeding; optimal use of local resources
for complementary feeding after exclusive formula feeding; access to community and clinical services for routine child immunization,
cotrimoxazole prophylaxis, treatment of common childhood diseases, and ART prevention
and treatment care.
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a

M

other-to-child transmission
(MTCT) of HIV is a particularly challenging public-health issue in developing
countries. This is especially true in sub-Saharan
Africa, where the HIV disease burden is greatest
among women1,2 and cultural norms put pressure
on women to reproduce and to breastfeed their
children for long periods of time. Unfortunately,
high rates of reproduction and long-term breastfeeding in high-HIV-prevalence settings are fueling the growing pediatric HIV epidemic in subSaharan Africa and elsewhere.2,3
Pregnancy, childbirth, and breastfeeding are
responsible for the majority of more than 500,000
pediatric HIV infections occurring annually
worldwide, over 90% of which occur in developing countries.4,5 Globally, more than 1,400 children
under the age of 15 continue to become infected
with HIV every day, and children still account
for more than 12% of all new infections. Without
appropriate care and treatment, more than half of
newly infected children will die before their second birthday.6
The exact timing of MTCT varies, but it is estimated that in breastfeeding populations, 60% of
infections occur in utero and during labor, whereas

40% occur during breastfeeding.7,8 In the pre–antiretroviral therapy (ART) era, the risk of MTCT of
HIV was estimated to range from 15% to 30% in
nonbreastfeeding populations and from 20% to
40% in breastfeeding populations.5,6
The administration of zidovudine (AZT) to the
HIV-positive pregnant woman during pregnancy,
labor, and delivery marked a new beginning in
the quest to terminate the link between reproduction and pediatric HIV infection. The landmark Pediatric AIDS Clinical Trials Group 076
study demonstrated a 67% reduction in MTCT of
HIV in an essentially nonbreastfeeding population of HIV-positive pregnant women who had
a CD4 lymphocyte count of equal to or greater
than 200 cells/mm3 and who did not have a prior
history of ART administration.9 That study paved
the way for numerous other studies designed to
eliminate HIV transmission from an infected
mother to her baby. In addition, the success of
the AZT trial provided support to the idea that
an intervention for the prevention of mother-tochild transmission (PMTCT) was a viable publichealth strategy.
In 2001, a United Nations General Assembly
Special Session (UNGASS) was held on HIV/AIDS
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to review and assess the current state of the AIDS
pandemic. Key components of the UNGASS declaration relating to the reduction of MTCT were
(1) to reduce the proportion of infants infected
with HIV by 20% by 2005 and by 50% by 2010;
(2) to ensure that 80% of pregnant women accessing antenatal care (ANC) have access to information, counseling, and other HIV-prevention services; (3) to increase the availability of and access
to effective treatment to reduce MTCT of HIV
for HIV-positive women and their infants; (4) to
increase the availability of and access to effective
interventions for HIV-positive women, including
voluntary and confidential counseling and testing,
treatment (especially ART), and, where appropriate, breast-milk substitutes; and (5) to ensure the
provision of a continuum of care for women, their
partners, and their children.10
The 2003 Joint United Nations Program on
HIV/AIDS (UNAIDS) progress report on the 2001
UNGASS declaration indicated that by the end of
December 2002, 88% of countries globally, and 91%
of countries in sub-Saharan Africa, had national
PMTCT policies in place.11 However, many countries with severe HIV epidemics were falling well
short of goals to increase access to PMTCT services, including antiretroviral (ARV) prophylaxis,
for pregnant women visiting public health facilities. According to the 2003 report, in 14 of the 17
countries surveyed in sub-Saharan Africa, less than
10% of pregnant women visiting public facilities
were receiving ARV prophylaxis for PMTCT.11
While the situation has improved somewhat since
2003, a large proportion of HIV-infected women
still do not have access to specific interventions for
PMTCT. According to the 2006 UNAIDS Report
on the Global AIDS Pandemic, just under 8% of
pregnant women globally and 6% in sub-Saharan
Africa in 2005 were offered services for PMTCT
of HIV.12

7 18

This ongoing gap in services indicates that a
comprehensive and integrated approach to preventing HIV infection in women, infants, and
young children is urgently required. Interventions
focusing on HIV-positive pregnant women need
to be complemented by interventions that address
primary prevention of HIV infection, particularly
in women of childbearing age and their partners,
and prevention of unintended pregnancies among
HIV-positive women.
In developed countries, a combination of publichealth strategies consisting of routine counseling
and testing (with an opt-out approach), combination ART, elective cesarean delivery, and use of
formula feeding has helped reduce MTCT of HIV
to less than 2%.13-16 These dramatic reductions
in MTCT have yet to be replicated in developing countries due to a variety of factors, including fragile health-care systems, poverty, lack of
political commitment, limited uptake of HIV
testing, stigma and discrimination, and inadequate human resources. Yet the overwhelming
contribution of MTCT to pediatric HIV infection makes it imperative to establish prevention
programs at all levels of care (e.g., facility, local,
regional, national).
The following are the four prongs of PMTCT17:
• Prevention of primary HIV infection
• Prevention of pregnancy in the HIV-positive
woman
• Specific interventions in pregnancy, labor, and
delivery
• Care of the woman, as well as of her partner and
children, after delivery
Although examples of successful PMTCT strategies in resource-limited settings are still few and
far between, there are reports from some countries
that clearly demonstrate how success in PMTCT
can be achieved in settings where resources are
scarce.18-20
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Women in developing countries where the male-tofemale ratio is less than one are particularly susceptible to HIV infection. This susceptibility is due to a
variety of factors. For instance, rates of HIV transmission are reported to be two to three times higher
for male-to-female transmission than for female-tomale transmission.21-23 A complex combination of
factors—ranging from the biology of the virus, to
the anatomy of the female genital tract, to sociocultural traditions—has increased women’s vulnerability to the virus.24 Research has shown that the sperm
and the ovum lack CD4 receptors and therefore
cannot be infected by HIV. This implies that at fertilization, the resulting zygote does not contain the
HIV genome. In most HIV-positive women, HIV
does not cross the placenta from mother to fetus;
instead, the placenta acts as a physical barrier that
shields the developing fetus from viruses circulating in the mother’s blood.25 The protection offered
by this placental barrier may break down, however,
if the mother has a viral, bacterial, or parasitic placental infection during pregnancy; the mother
seroconverts during the pregnancy and, as a result,
there is a brief spike in viral load; or the mother has
severe immune deficiency resulting from HIV infection. Thus, various health conditions in the pregnant woman, such as untreated placental infections
(particularly malaria), recent HIV infection, and
advanced HIV disease, have been cited as risk factors for MTCT.26
Data from polymerase chain reaction (PCR) studies have confirmed the rarity of MTCT in early pregnancy.27 Clinical studies of children born to HIVpositive mothers present two distinct syndromes
of acquired infection in the uterus: a smaller group
of severely ill babies, suggesting early intrauterine
infection,28 and a larger group of apparently healthy
babies who develop features of HIV infection after
birth, suggesting infection later in the pregnancy or

around the time of delivery.29 After delivery, breastfeeding is a key route of MTCT of HIV.30

Epidemiology of Pediatric HIV
MTCT of HIV represents an especially tragic dimension of HIV/AIDS, particularly in resource-limited
settings where the fragility and poor funding of
health-care systems hamper both care and prevention efforts. In these settings, MTCT contributes to
over 90% of pediatric HIV infections.31 At the end of
2007, 2.3 million children were estimated to be living with HIV.32 The dramatic impact of HIV among
children is best captured by data suggesting that at
least one-third of HIV-infected children in developing countries will die within their first year of life.33
Thus, MTCT has become a critical child health issue
in sub-Saharan Africa, with HIV infection contributing to significant childhood morbidity and mortality. The impact of HIV has also undermined the
effectiveness of longstanding programs such as routine immunization and management of diarrheal
diseases and malnutrition, which before the arrival
of HIV had helped to significantly reduce childhood
mortality in developing countries.
MTCT of HIV can be greatly reduced by expanding high-quality antenatal and obstetric care, voluntary counseling and testing (VCT) services, ARV
drug therapy for pregnant women living with HIV,
and the use of breast-milk substitutes or practice
of exclusive breastfeeding. PMTCT programs can
have an additional public-health impact by reaching HIV-negative women with health information,
skills training, and support to prevent them from
becoming infected.

Sexual and Reproductive
Health and Rights of Women
Living with HIV
Sexual and reproductive health and rights (SRHR)
issues have become a central theme at many HIV/
AIDS meetings in recent times. It is popularly
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Vulnerability of Women and
Fetuses to HIV Infection

believed that success in the control of HIV and
AIDS cannot be achieved without addressing the
SRHR issues that influence both the acquisition
and prevention of HIV infection.34
The HIV pandemic has converted the longstanding sexual, economic, and cultural subordination of women in many parts of the world into
a death sentence. It is impossible to mitigate the
impact of HIV among women without first looking at the SRHR issues that leave them vulnerable
to infection. Foremost among the SRHR issues
related to HIV is the right to life. This basic right
is being denied to women who, due to their subordination, are routinely exposed to HIV and are
often left powerless to protect themselves from
infection and/or prevent HIV-related illness or
death. The following quotes illustrate the feelings
of helplessness that many women, especially those
in resource-limited settings, experience in the face
of HIV infection.

reproductive choice. In health-care settings, even in
middle-income countries, discrimination and serious violations of the SRHR of HIV-positive women,
such as sterilization without consent, are reported
to be common.36 The following quotes illustrate
the tragic reality of HIV-positive women who are
denied the right to live a healthy and normal life.

The women tell us they see their husbands with
the wives of men who have died of AIDS. And
they ask, “What can we do?” If we say no, they’ll
say, “Pack up and go.” But if we do, where do
we go to?
—Miria Matembe, member of the Ugandan
parliament

Furthermore, the mother’s right to privacy is
stripped from her when her own HIV status
becomes known because of the illness of her child,
when she is denounced as being “responsible” for
having transmitted HIV infection to an unborn
child, or when she is rejected by her husband
because she is living with HIV.
Women have routinely been denied the right
to health and even the right to access health-care
services, further increasing their vulnerability to
HIV. In addition, they have been denied the right
of access to education and to economic independence.35 Ensuring access to education for women
and girls and increasing opportunities for women
to achieve economic independence represent a
few strategies that can lead to the greater emancipation of women, thereby reducing their vulnerability to HIV.37
In the wake of interventions to prevent MTCT,
little consideration was initially given to the
enhancement of the mother’s health. The focus

We fear what our husbands may bring home.
—Ugandan woman
As in the case of birth control pills, men will
suspect women who want to use condoms of
servicing other men.
—Ugandan woman35
Clearly, an effective, woman-controlled method of
contraception and infection prevention, such as an
anti-HIV microbicide, is urgently needed.
Women living with HIV suffer further denials of human rights through being deprived of the
right to bear children and the right to freedom of
720

I am still hoping to have a child . . . I have been
told that it is totally selfish, that I have no right
to inflict the potential for suffering on an as yet
unborn child. Who says I have no right? If I am
lucky enough to fall pregnant, my child will be
loved and wanted. Will that be further reason
for rejection by society? I hope not.
—Zimbabwean woman
To be alone and dying yet trying to care for one’s
own HIV-positive child is a tragedy, the dimensions of which few of us can truly comprehend.
—Catherine Hankins, Canada35
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Prepregnancy Care
Prepregnancy care is an excellent opportunity for
primary HIV prevention and PMTCT. Such care
provides an opportunity for couples testing and
counseling, couple education, partner disclosure of
serostatus, and promotion of adherence to interventions and follow-up. In many resource-limited
settings, prepregnancy care is underutilized, and
access to such care varies greatly.

Pre-conception Counseling and
Management
Pre-conception counseling for women who are
contemplating pregnancy substantially optimizes
the outcome of pregnancies complicated by chronic
maternal illness. Such counseling ensures highly
informed, up-to-date decision making on the part
of women living with a chronic illness.
With the advent of potent ARV medications,
HIV-positive patients are living longer, healthier lives and HIV infection is slowly becoming a

manageable chronic illness. Many HIV-affected
couples desire to have children,41-43 and their main
challenge is to reproduce without transmitting
infection to their HIV-negative partners (in serodiscordant settings) or to their infants. Many HIVpositive women have reported that pregnancy and
childbirth is a way to regain their sense of womanhood and sexuality, making childbearing a high
personal priority.44 Some have also cited raising
children as a way to give purpose to their life.45,46
In the context of HIV, patients or couples may
present for prepregnancy care with one or more of
the following concerns:
• How to achieve conception safely
• Fear of HIV transmission to partner and/or
baby
• Impact of pregnancy on progression of HIV
disease
• Impact of HIV/AIDS on pregnancy
• Safety of ARV medications during pregnancy
• Absence of menstruation and infertility (due to
wasting syndrome)
In these cases, the patients’ HIV disease must
be controlled before initiating attempts to become
pregnant. Available evidence also emphasizes the
improbability of conception when the body mass
index is below 17.5 (very underweight).47 In the
case of serodiscordant couples, there are a number of options to consider depending on the availability of PMTCT and other reproductive health
services. In a serodiscordant couple consisting
of an HIV-positive women and an HIV-negative
male partner, self-administered artificial insemination with the partner’s sperm can eliminate the
risk of HIV transmission. If the woman is HIVnegative and her male partner is HIV-positive,
referral to a specialist center with relevant experience is warranted to eliminate the risk of HIV
transmission.48 Semprini et al49 have advocated a
technique of artificial intrauterine insemination
of HIV-negative women with processed semen
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was on ensuring an HIV-free baby, often through
interventions that put the mother’s health and her
future treatment options in jeopardy. However,
with sustained advocacy, national governments
and the international community have mobilized
more resources to fund comprehensive PMTCT
programs that address primary HIV prevention in young women, SRHRs of HIV-positive
women, core prevention of MTCT of HIV, and
the treatment, care, and support of the mother,
her partner, and her family. 38 These key issues
have been reinforced in recent years by the New
York Call to Commitment and the Abuja Call to
Action.39,40 Yet despite these advances, implementing comprehensive PMTCT programs continues
to be a major challenge in developing countries,
which are more severely affected by the HIV pandemic and where human rights abuses are more
widespread.

Box 1. Suggested Steps in Pre-conception Care of Couples in the Context of HIV
1. Pretest counseling, HIV testing, disclosure of serostatus, and posttest counseling
2. Discussion of safe sex
3. Pre-conception couples counseling:
n
n
n
n
n

Discussion of safer conception techniques
Discussion of risk of HIV transmission to partner and baby
Discussion of current and future health of infected partner(s)
Discussion of options for infant feeding
Discussion of critical need for adherence to interventions

4. Evaluation for presence of an active AIDS-defining illness
5. CD4 lymphocyte count and/or HIV RNA viral load
6. For patients receiving ART, check:
n
n
n

HIV RNA level
ART regimen for teratogenic drugs
Adequate therapy for at least one year with appropriate follow-up (i.e., stable viral load and/or CD4 count)

7. Routine investigations
n
n
n
n
n

n
n

Pap smear
Full blood count including platelets
Liver function tests
Hepatitis virus screening
Screen for sexually transmitted infections
o Syphilis
o Gonorrhea
o Chlamydia
o Trichomoniasis
Screen for tuberculosis
Investigate infertile couples as appropriate

8. Referral for complementary care as appropriate
Source: Adapted from Thornton et al.46

from HIV-positive male partners. The group
reported 200 pregnancies after 1,000 insemination attempts in 350 couples, with no cases of
female HIV seroconversion either before or after
delivery. As of 2002, Semprini et al reported no
seroconversions during 2,000 inseminations of
800 women.50
In sub-Saharan African countries such as
Nigeria, a few assisted, conception centers with
relevant technology to do sperm washing are
appearing in the private sector; issues of cost
722

and accessibility of this technology continue to
be major challenges. In more developed countries, HIV-serodiscordant couples routinely
seek reproductive assistance, yet despite access
to improved technologies, these couples often
consider or practice unsafe measures to achieve
pregnancy.51 In developing countries, where such
assistance is not within reach, health-care providers must go to great lengths to counsel serodiscordant couples on their unique reproductive
issues and options.
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Care during Pregnancy
Antenatal Care of Women Living with HIV
In addition to the basic services recommended
for all pregnant women, HIV-positive women
require additional obstetric and medical care to
address their specific needs (see Boxes 2, 3, and
4). Several countries have developed national
protocols for ANC services provided to HIVpositive women by modifying relevant World
Health Organization (WHO) guidelines 53-55 so
that they are appropriate to local conditions. The
Nigerian national guidelines for the implementation of PMTCT are one such example.17
Determining a woman’s HIV status is the first
step in providing appropriate treatment, care, and
support services, including access to ARV prophylaxis. Evidence from both developed and developing countries indicates that the uptake of HIV
testing increases when it is routinely discussed and
offered and where it is well integrated into prenatal

care.56,57 Additionally, the greater availability of
rapid testing now makes it possible for women to
be tested for HIV and receive their results at the
first prenatal visit.
Diagnosis of HIV infection during pregnancy
often marks the beginning of a period of crisis for
a woman and her family that requires methodical, compassionate, well-informed counseling and
support. It is also important to ensure that women
identified as HIV negative receive support to prevent infection. Prevention of HIV infection is
especially critical during the course of pregnancy
and breastfeeding, as the high viral load resulting
from seroconversion is believed to be associated
with MTCT57; however, seroconversion during
pregnancy has not been reported to increase vertical transmission rates.58 A pregnant woman whose
HIV status remains unknown should receive further counseling during subsequent antenatal visits
and should be made aware that testing is available.
After the initial evaluation, HIV-positive pregnant women should be counseled on the following topics as appropriate: condom use for prevention of sexual transmission of HIV and other
sexually transmitted infections (STIs); the risk of
HIV transmission to the fetus/neonate and how
to prevent it; the risks and benefits of ARV prophylaxis as part of PMTCT strategy; the risks of
perinatal transmission of hepatitis B and C virus
and how these risks can be reduced; the risks of
perinatal syphilis transmission and the need for
treatment of syphilis, gonorrhea, and chlamydia
to reduce the risk of HIV transmission to infant
or partner; the impact of drug use or abuse on
fetal development, including drug withdrawal
syndrome and drug interactions; the implications of different modes of delivery in reducing
the risk of HIV transmission, including the benefits and adverse effects of cesarean section; and
instruction on infant feeding.54
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To assist couples affected by HIV in making
appropriate reproductive choices, women and
their partners should be provided with realistic MTCT rates applicable to their specific circumstances and the interventions available to
them, such as those provided by the UNAIDS
Reference Group for Estimates, Modeling and
Projection.52 Although the course of pregnancy
does not appear to be altered by HIV infection
alone,24 complications of chronic immunosuppression, such as Pneumocystis jirovecii pneumonia and other opportunistic infections (OIs),
may sometimes worsen during pregnancy,53 and
couples should be well informed of these risks.
Box 1 outlines the suggested components of a
pre-conception care visit for couples in which
one or both members are known or suspected to
be HIV-positive.

Box 2. Essential Quality Antenatal Care Services
Quality antenatal care for all women, regardless of their HIV status, should include the following:
n
n

n
n

n
n
n

n
n

n
n
n
n
n
n
n
n

Health education and information on condom use and dual protection
Malaria prevention and case management, including the use of insecticide-treated nets and intermittent
preventative treatment
Delivery and family planning assistance
HIV/AIDS-related services, including HIV testing and counseling, PMTCT, counseling on optimal infant feeding, and early diagnosis and treatment of STIs
Nutritional counseling and support
Advice on rest, care-seeking, self-care, and hygiene
Psychosocial support, including referral for women who have experienced violence or women with substance abuse issues (injecting or other illicit drug use)
Physical examination and obstetric history
Birth planning, including counseling on skilled birth attendance (should involve companions such as
husband or partner and parents)
Infant-feeding counseling
Emergency preparedness counseling
Tetanus vaccination
Iron and folate supplementation
Deworming
Syphilis screening and management of STIs
Discussion of universal precautions
Routine offer of HIV testing and counseling, using rapid tests

Source: WHO HIV/AIDS Department.54

Box 3. Additional Antenatal Care Services for Women Living with HIV
Women living with HIV should receive the following antenatal care services, in addition to the
essential services listed in Box 2:
n
n
n
n
n
n
n
n
n
n
n
n

Counseling and support on safer sex practices (including condom use)
Couples counseling and partner testing, if requested
Documentation of history of prior ARV prophylaxis for PMTCT or prior/ongoing ART
Clinical evaluation, including clinical staging of HIV disease
Immunologic assessment (CD4 count), where available
Discussion of known and unknown risks and benefits of ART in pregnancy and ARV prophylaxis for PMTCT
Initiation of ART for women who meet local criteria or initiation of ARV prophylaxis for PMTCT
Cotrimoxazole prophylaxis
Tuberculosis risk assessment and referral
Infant-feeding counseling and support
Psychosocial support
Supportive care, including adherence support

Source: WHO HIV/AIDS Department.54
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Box 4. Additional Antenatal Care Services for HIV-Negative Women
Women who are HIV-negative should receive the following antenatal care services, in addition to
the essential services listed in Box 2:
n
n
n

Counseling to consider retesting late in pregnancy
Counseling and support on safer sex practices (including condom use)
Couples counseling and partner testing, if requested

Source: WHO HIV/AIDS Department.54

Preventing OIs can reduce rates of illness and death
among HIV-positive pregnant women. These interventions may reduce the risk of adverse pregnancy
outcomes, such as preterm labor and delivery,
which can increase the risk of MTCT.59,60
Counseling and support on basic hygiene, safe
drinking water, and malaria prevention are critical
in preventing OIs in most high-HIV-prevalence
countries. Where CD4 counts are available, WHO
recommends that all HIV-positive individuals
with CD4 counts below 350 cells/mm3 should take
cotrimoxazole prophylaxis regardless of whether
or not symptoms are present. In addition, those
with stage III and IV disease should take cotrimoxazole regardless of CD4 count. Where CD4 counts
are not available, cotrimoxazole prophylaxis
should be taken by all those with mild, advanced,
or severe symptoms of HIV disease (i.e., WHO
stage II, III, or IV disease). In resource-limited settings with a high prevalence of HIV and malaria,
WHO endorses giving cotrimoxazole to everyone
who tests HIV positive and continuing this therapy
indefinitely.61
Cotrimoxazole is also recommended for all
HIV-positive pregnant women regardless of their
stage of pregnancy, with therapy to be continued
during breastfeeding. Women living with HIV
who reside in a malaria-endemic region should
take cotrimoxazole rather than sulfadoxine/
pyrimethamine-based intermittent presumptive therapy for malaria.61 Prophylaxis for other

common conditions should be given according
to local guidelines.

Assessment and Management of HIVRelated Illnesses
Because HIV-related illnesses can increase the risk
of MTCT, pregnant women should be routinely
monitored for signs or symptoms of progressive
HIV disease. A multidisciplinary approach involving the obstetrician, HIV physician, nutritionist, and
midwife is advocated in the management of HIVrelated illnesses (e.g., malaria, recurrent vaginal candidiasis, tuberculosis, urinary tract infections, and
respiratory infections) in pregnant women.62

Psychosocial and Community Support
Since pregnancy can be a time of unique stress,
health-care workers may consider assessing the
amount of support a woman is receiving from
family and friends. Women living with HIV usually have additional concerns related to their own
health, their child’s health, confidentiality, disclosure to partners, and the possibility that their
HIV status might be disclosed to other people.
To provide additional support beyond the healthcare setting, referrals to support groups for people living with HIV should be made where these
programs are available. Strategies that recruit and
train previous PMTCT clients as counselors and
field officers have also been successful in providing additional support to HIV-positive mothers
and their families..63
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Prevention of Opportunistic Infections

HIV Testing Strategies
Provider-initiated rapid HIV testing and counseling is now the recommended approach to HIV
testing in ANC and labor ward settings globally.55
This approach to testing and counseling should be
accompanied by a recommended package of basic
HIV-related prevention, treatment, care, and support services (see Boxes 2, 3, and 4), which should
be available in the same facility where the HIV test
is performed or through local referral. Rapid HIV
antibody tests are highly sensitive, specific, and
simple to use, and they do not require sophisticated
laboratory services, running water, or electricity.
Accurate results can be available within a much
shorter time than for the traditional EnzymeLinked ImmunoSorbent Assay (ELISA). The
advantages of using rapid HIV tests for providerinitiated HIV testing and counseling—particularly
for health facilities where laboratory services are
weak—include the following:
• Visibility of the test and quick turnaround
increases confidence in results and avoids clerical errors.
• Testing can occur outside laboratory settings.
• Testing does not require specialized equipment.
• Testing can be carried out in primary health
facilities by appropriately trained nonlaboratory personnel, including counselors.
• Rapid turnaround gives the ability to deliver
necessary interventions in a timely manner.
It is important to note that despite the relative ease of
use of rapid tests, trained laboratory supervisors are
still required for supervision and quality assurance,
including quality control for testing and biosafety.
HIV testing and counseling as early as possible
during pregnancy enable pregnant women to benefit from prevention, treatment, and care and to
access interventions for reducing HIV transmission to their infants. HIV testing should therefore
be offered to all pregnant women during the first
(booking) visit.
726

Even in health facilities that offer comprehensive PMTCT services, many women may still fail
to access HIV testing prior to labor. A study in
one such center in northern Nigeria found that
over one-third of pregnant women presented
at the time of labor without having previously
accessed antenatal HIV testing and counseling.64 Although ARV prophylaxis for PMTCT
is most effective when given during pregnancy,
labor, and the early postpartum period, it has also
been shown to be effective when started at the
time of labor or in the infant shortly after birth.65
Therefore, HIV testing and counseling should be
offered to all women of unknown HIV status in
labor or, if this is not feasible, as soon as possible
after delivery.64,66
If an HIV test has not been performed prior to
delivery, HIV testing and counseling should also be
offered to women in the postpartum period, preferably as soon as is feasible. Doing so enables them
to receive HIV-related services for themselves
and the infant, including initiation of postexposure ARV prophylaxis for the infant, as well as to
receive infant-feeding counseling and support.67

Delivery Options
The protective role of cesarean section before labor
and before rupture of membranes was demonstrated in a randomized clinical trial in Europe68
and in a meta-analysis incorporating European and
North American data69 prior to the widespread use
of combination therapy in pregnancy for PMTCT.
In these studies, cesarean section after labor and/
or after ruptured membranes was, however, associated with a risk of HIV transmission similar to
that associated with vaginal delivery.69 Subsequent
observational data demonstrated very low rates of
MTCT in women on combination ART with undetectable viral loads who delivered vaginally. These
data have provided a basis for the current recommendation of elective cesarean section for HIV-
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Postnatal Care and Care of
the Newborn Infant
In addition to the standard postpartum care provided for all mothers, HIV-positive mothers may
require additional care and support in one or more
of the following areas:
• Review for signs and symptoms of postpartum
infection
• Care for the genital area and basic hygiene in
the disposal of sanitary towels
• Wound healing
• Treatment and prophylaxis for OIs
• Infant-feeding counseling and support
• Care of the breasts
• Malaria prophylaxis
• Evaluation for ARV eligibility
• Adherence counseling
• Access to safe drinking water
• Nutritional care and support
• Family planning counseling and support
• Screening for cervical dysplasia
Family planning counseling sessions should
include the development of risk-reduction strategies with the mother to decrease the risk of HIV
transmission to an uninfected partner and the risk
of STI acquisition; condom use should be emphasized throughout the period of breastfeeding.
Where such counseling services are not available
together in one facility, referrals to other facilities
should be offered as needed.
The association between breastfeeding and
maternal disease progression and death has important implications for public-health policy. Two
studies in Kenya and South Africa looking at breastfeeding and mortality among women infected with
HIV-1 produced conflicting results.74,75 However, a
more recent report did not associate breastfeeding
with increased maternal mortality when appropriate care was available.76
The current preponderance of evidence regarding the association of breastfeeding and maternal
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positive women, irrespective of therapy, who have
viral loads greater than 1,000 copies/mL near the
time of delivery.70
Elective cesarean delivery should not be routinely provided for women on ART who have HIV
RNA levels below 1,000 copies/mL, unless they
choose this procedure after thorough counseling
regarding the uncertain benefits and known risks.
If the decision is made to perform prelabor caesarean delivery to prevent HIV transmission, it should
be done at 38 weeks, gestation, as determined by
the best clinical estimate.70
It is important to note that there is an increased
risk of maternal morbidity among HIV-positive
women undergoing cesarean section.71 In a retrospective study of 401 HIV-1-infected women
undergoing scheduled cesarean delivery specifically for prevention of HIV-1 transmission in
Paris, France, incidence of fever in the mother
after delivery was greater for those undergoing
the cesarean section than for those delivering
vaginally. In a multivariate analysis adjusted for
maternal CD4 count and antepartum hemorrhage, the relative risk of any postpartum complication was 1.85 (95% CI, 1.00-3.39) after elective
cesarean delivery and 4.17 (95% CI, 2.32-7.49)
after emergency cesarean delivery, as compared
with that for women delivering vaginally. Febrile
morbidity was increased among women with low
CD4 counts.72
Among women with ruptured membranes
before delivery, increased duration of ruptured
membranes is associated with an increased risk of
MTCT.73 Obstetric procedures, such as fetal scalp
monitoring, episiotomy, and instrumental deliveries (such as forceps or ventouse), can also increase
MTCT rates. Therefore, artificial rupture of membranes and invasive obstetric procedures must be
avoided unless absolutely necessary. Partograms
should be used as a management tool to avoid prolonged labor.

Box 5. Essential Care Services for HIV-Exposed Infants
n
n
n
n
n
n
n
n
n
n
n
n
n

ARV prophylaxis
Routine immunization
Cotrimoxazole prophylaxis starting at six weeks
Early diagnosis of HIV infection (virological tests)
Diagnosis of HIV infection around 15–18 months (HIV serology)
Continued infant-feeding counseling and support
Growth monitoring and support
Screening for and management of tuberculosis
Prevention and treatment of malaria
Nutrition care and support
Psychosocial care and support
ART
Symptom management and palliative care if needed

Source: WHO HIV/AIDS Department.54

mortality indicates that HIV-positive mothers are
not compromised by breastfeeding their infants
for up to six months, as recommended by WHO.77
New data regarding the use of triple-drug ART
regimens to protect both the breastfeeding mother
and her HIV-exposed infant are currently being
assessed.78 It is hoped that these data will provide
information on the best strategy for reducing
MTCT in order to promote maternal health and
maximize HIV-free infant survival.
It is essential that all facilities offering PMTCT
are able to provide a number of services that will
ensure proper follow-up care for HIV-exposed
infants (see Box 5). Where some of these services
are not provided, appropriate referral linkages
should be arranged.

Availability and Scale-up of
PMTCT Services
To achieve widespread coverage of PMTCT, programs must be integrated into existing publichealth systems, with PMTCT services provided
at all antenatal and delivery sites. Unfortunately,
only a handful of countries have so far achieved
this goal. Although there is ample evidence that
PMTCT interventions are feasible even in the poorest regions of the world,79 significant improvements
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in health infrastructure and human capacity are
needed in order for PMTCT to become a routine
component of maternal and child health care in all
resource-limited settings.
The widely published efficacy and costeffectiveness studies of the perinatal nevirapine-based
regimen for PMTCT,80 as well as the subsequent
donation of nevirapine by Boehringer Ingelheim
and of Determine rapid test kits by Abbott, gave
way to several large-scale PMTCT interventions in
developing countries.81-83 The main objective stated
by these programs was to contribute to the reduction of infant mortality through implementation of
a comprehensive package that aims at reducing the
transmission of HIV from mothers to their babies.
Yet while most PMTCT programs have focused on
providing ARV prophylaxis to prevent transmission
of HIV to infants, it is also important to recognize
that women who are diagnosed with HIV through
antenatal screening have a wide variety of other
needs related to their HIV-positive status. Their children and other family members also need support,
as many partners are HIV-positive or at risk of infection, and even uninfected children are at a high risk
of mortality due to their mother’s illness. These considerations fueled international support for the original 2001 UNGASS declaration that promoted the
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strategic partnerships. These services provided ARV
prophylaxis for 533,700 HIV-positive pregnant
women, averting an estimated 101,500 infant HIV
infections, at approximately 4,863 service outlets.88
In summary, the long-term goal of any national
PMTCT program is to institutionalize PMTCT
services and ensure universal access to PMTCT for
all pregnant women attending antenatal care, all
pregnant women coming to deliver at maternity
centers, and all HIV-exposed infants.

Integration of PMTCT Services
with Reproductive Health
Whereas a great deal of emphasis has been placed
on the third component of the UNGASS declaration—focusing mainly on ARV-based interventions—much less attention has been focused on
preventing unintended pregnancy in HIV-positive
women. Yet this approach is not only beneficial in
itself but could also be as effective as ARV regimens in preventing MTCT of HIV.89 It is practical
to integrate family planning services into existing
PMTCT programs in settings such as sub-Saharan
Africa, where HIV seroprevalence and rates of
unintended pregnancies are high. Contraception is
the best-kept secret in HIV prevention and should
be considered as a valuable HIV-prevention intervention.90 The need for increased access to contraception among women living with HIV is great. Of
the 20 million HIV-positive women worldwide,
25% have an unmet need for contraception; this
translates into an estimated five million HIVpositive women in need of contraception.91 In order
for the UNGASS goals to be realized, there must be
a greater emphasis on the prevention of unwanted
pregnancies among HIV-positive women. Even
moderate reductions (6%–12%) in pregnancies
among women living with HIV would yield equivalent reductions in infant HIV infections.91-93
A model developed by Family Health
International and applied to a hypothetical
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provision of treatment, care, and support for women
living with HIV, their children, and their families as
the fourth prong of PMTCT interventions.10
More recently, several opportunities have
arisen to support the expansion of PMTCT services. A number of multilateral and bilateral
organizations are committing more funds to the
fight against HIV/AIDS in developing countries.
The Global Fund to Fight AIDS, Tuberculosis
and Malaria; the President’s Emergency Plan for
AIDS Relief (PEPFAR); the World Bank; the Bill
& Melinda Gates Foundation; and a number of
other partners have all recently provided funds
for expansion of PMTCT programs in the most
affected countries.
Several countries in Latin American and the
Caribbean—most notably Brazil—have already succeeded in providing PMTCT services to the majority of pregnant women attending antenatal clinics.84
Thailand has also been successful in providing widespread access to PMTCT since 1999.85 Botswana
leads the way in the provision of PMTCT in subSaharan Africa; PMTCT services are provided in
all of the country’s public facilities through the
Maternal Child Health / Family Planning system,
which serves over 95% of pregnant women.86 Other
countries are also beginning to make progress: as of
December 2005, 80% of districts in Cameroon had
begun offering PMTCT interventions,87 and other
countries in sub-Saharan Africa, such as Uganda
and Nigeria, had blueprints in place for countrywide expansion of PMTCT services.81,82 These plans
provide a framework for the involvement of all
stakeholders—all tiers of government, development
partners, the private for-profit sector, civil society,
faith-based organizations, groups of people living
with HIV, and communities—in national efforts to
scale up the PMTCT programs. For example, during fiscal years 2004 to 2006, the PEPFAR program
supported PMTCT services for women during more
than six million pregnancies through a number of

The MTCT-Plus Initiative

I

n 2000, the MTCT-Plus Initiative
was conceptualized in response to a call
to action at the Durban International HIV
Conference. Before that time, programs for
the prevention of mother-to-child transmission (PMTCT) of HIV did not provide care
and treatment to HIV-infected pregnant
women and mothers. If the children were

spared HIV infection, then ultimately their
mothers would die without treatment. The
MTCT-Plus Initiative, recognizing the important roles that women play in their families
and communities, built on PMTCT programs
to include comprehensive treatment services for women throughout pregnancy and
postpartum.

Source: International Center for AIDS Care and Treatment Programs.94

population in sub-Saharan Africa demonstrated
that increasing contraceptive use among sexually
active women who wish to avoid pregnancy would
be approximately 25% more cost-effective than
increasing access to PMTCT services in preventing vertical HIV transmission (US$663 vs. US$857
per HIV-positive birth averted). This model also
suggested that if the same amount of money were
to be invested in increased use of contraceptives
as for PMTCT, use of contraceptives would prevent approximately 30% more HIV-positive births
than a traditional PMTCT strategy (30 vs. 23 HIVpositive births averted).91 These findings suggest
that contraceptive services are at least as important as traditional PMTCT programs for preventing HIV and therefore deserve more financial and
political support.
At least three family planning options should be
available to HIV-positive women who are identified at testing and counseling sites: (1) if a women
does not wish to become pregnant, she should be
referred to a family planning program; (2) if she
wishes to become pregnant, she should be educated
about the availability of prenatal services and the
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types of chemoprophylaxis available for reducing
the risks of transmission to her child; and (3) if she
is pregnant, she should be offered the opportunity
to obtain ART. Postpartum contraception should
then be offered, if available.95

Ethical Issues in PMTCT Service
Provision
PMTCT programs entail serious ethical challenges.
These challenges are amplified in developing
countries where operational and infrastructural
constraints often prevent the provision of optimal
care. Areas where challenges are routinely encountered include counseling and testing modalities
and strategies for disclosure (especially in serodiscordant unions), a woman’s right to terminate an
unwanted pregnancy, selection of ARVs, selection
of mode of delivery, use of breast-milk substitutes,
and patients’ ability to pay for services.96-99
Although it is a pregnant woman’s absolute right
to choose, on the basis of full information, whether
to take advantage of some or all of the PMTCT interventions available to her, there is a need to balance
this right against the rights of her unborn child. The
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MTCT-Plus Initiative (see sidebar), as well as other
family-based approaches to PMTCT, has eliminated
this dilemma to a great degree. Determination of
maternal CD4 count has now become a standard
of care, and mothers in developing countries who
qualify for treatment are being offered combination
ART for their personal health.67

Conclusion
A major challenge for the next decade is to bridge
the current gap in PMTCT coverage and effectiveness between more-developed and less-developed
countries. Confronting this challenge will require
a unique global collaboration of governments,
public-health professionals, pharmaceutical companies, and nongovernmental organizations.
Although the challenge is great, the public-health
benefits of this endeavor will extend beyond HIV
prevention to improvements in the overall health
care and life of women and their children worldwide. Adoption of an ethical framework that rests
on the pillars of the right to health and life could
help narrow the current divide and help promote
truly universal access to PMTCT services.
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controversial issue in a PMTCT setting is whether
the pregnant woman has the right to refuse PMTCT
services, since her baby should have the right to
receive HIV-prevention services. This is particularly relevant in countries such as South Africa,
where the Patients’ Rights Charter allows a patient
to refuse treatment.100 In the United States, judicial
pronouncement has forced perinatal interventions
in cases where parents have refused treatment.101
Informing sex partners is another extremely
complicated issue. Part of pre- and posttest counseling involves informing patients of the need to disclose their HIV status to their partners. The healthcare worker is advised to persuade the patient to
self-disclose or to consent to disclosure. Pre- and
posttest counseling and referral to a counseling service should also be offered to the partner.102
As mentioned earlier in this chapter, the provision of ARV prophylaxis to the mother for PMTCT
was often at the detriment of the mother’s own
health, since the initial emphasis of these interventions was on preventing vertical transmission
of HIV to the infant, not preserving the long-term
health of the mother. The introduction of the
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mortality and completeness of follow-up. Please see
other chapters in this publication for information
on the routes and risk of MTCT, obstetric interventions for preventing MTCT, information regarding
breastfeeding-related MTCT, and drug resistance
following ARV use for MTCT prevention.

Early Studies Using ShortCourse Zidovudine
The landmark PACTG 076 study, published in
1994, ushered in the era of effective interventions
for the prevention of mother-to-child transmission
of HIV-1.1 In this randomized, placebo-controlled
trial, Connor et al demonstrated that short-course
zidovudine (ZDV) alone led to a 67.5% decrease
(from 25.5% to 8.3%) in the rate of MTCT among
formula-feeding infants in the United States and
France. The ZDV regimen in this trial consisted of
maternal oral ZDV started as early as the 14th week
of gestation (and given for a median of 11 weeks),
intravenous ZDV during labor, and infant oral
ZDV for six weeks.
The efficacy of ZDV alone for preventing
MTCT was confirmed in two subsequent placebocontrolled clinical trials using a less-intensive
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T

his chapter will highlight
major findings from pivotal clinical trials
that have led to the evolving mother-tochild transmission (MTCT) prevention guidelines over the past 10 to 15 years. The trials are
generally presented in chronological order but
are also grouped by type of intervention (singleantiretroviral [ARV] regimen, single-dose nevirapine [sdNVP], breastfeeding MTCT intervention, etc.). Smaller observational studies, phase
I/II studies of perinatal ARV interventions, and
ARV drug resistance that emerges with the use of
ARVs for MTCT prevention will not be covered
in this chapter. Areas of controversy and of ongoing study will be highlighted.
When evaluating and comparing results of
MTCT prevention trials, it is particularly important
to consider maternal disease stages (as low CD4 cell
counts and high HIV-1 RNA levels are associated
with MTCT), the duration of antepartum intervention, whether (and for how long) the infants received
postexposure prophylaxis, at what age the infant
HIV-1 infection status is being reported, what proportion of study infants are breastfeeding versus formula feeding, adherence to study interventions, and

ZDV regimen (ZDV starting at approximately
36 weeks of gestation and during labor) than in
PACTG 076. MTCT was decreased by 50% (from
18.9% to 9.4%) in a trial in Thailand among
formula-feeding infants 2 and by 44% (at four
weeks of infant age) in a study in Côte d’Ivoire
among breastfeeding infants. 3 In a different
placebo-controlled trial (DITRAME) among
breastfeeding participants conducted in Côte
d’Ivoire, in which mothers also took one week
of ZDV postpartum, MTCT at six months was
18.0% in the ZDV arm compared with 27.5% in
the placebo arm (P=.027).4 However, when data
from these two different Côte d’Ivoire studies
were combined, efficacy at 24 months of infant
age was only 26% (cumulative risk of HIV-1 infection 22.5% in the ZDV arm compared with 30.2%
in the placebo arm).5 This unfortunate “erosion”
of some (but not all) of the protective efficacy of
MTCT prevention regimens is due to breastfeeding-related MTCT, and has been seen in several
studies conducted in breastfeeding populations.
A subsequent study conducted in Thailand
(PHPT) randomized formula-feeding motherinfant pairs to one of four different ZDV regimens
of different durations (starting in the mother at
either 28 or 35 weeks’ gestation, and given to the
infant for either three days or six weeks).6 This
study found that MTCT rates were higher (10.5%)
in the arm receiving the shortest courses of maternal and infant ZDV than in the arm receiving
the longest courses of maternal and infant ZDV
(4.1%, P=.004).6 The study also demonstrated
that although overall MTCT rates did not differ
significantly between the other three arms, rates
of antepartum MTCT were significantly higher
among the two pooled arms in which mothers started ZDV at 35 weeks (5.1%) rather than
28 weeks (1.6%) (P<.001). This suggests that a considerable amount of in utero transmission occurs
between 28 and 35 weeks’ gestation.
740

Single-Dose NVP
The widespread implementation of short-course
ZDV for MTCT prevention in resource-limited settings has been limited by the need to identify and initiate treatment in HIV-positive women by 34 weeks’
gestation, and to a lesser extent by the cost of ZDV.
In this context, the HIVNET 012 trial made another
seminal contribution to our body of knowledge by
demonstrating that one dose of NVP taken by the
mother during labor and one by the infant when
48-72 hours old was able to reduce MTCT by 42% at
six to eight weeks of age in a breastfeeding population compared to intrapartum ZDV and one week of
infant ZDV (from 20.0% to 11.8%).7,8 Interestingly,
the protection conferred by sdNVP was not markedly affected by breastfeeding-related transmission:
at 18 months of age, estimated transmission in the
sdNVP arm was 15.7% compared with 25.8% in the
ZDV arm, yielding a 10.1% absolute reduction in
MTCT or a 41% reduction in relative risk of MTCT
at 18 months.7
Several other studies have evaluated the utility of sdNVP in various programmatically simple
combinations for preventing MTCT. The SAINT
study, conducted in South Africa among both
breastfeeding (42%) and formula-feeding (58%)
mother-infant pairs, randomized participants to
receive either of the following treatments: (1) two
doses of maternal NVP (during labor and again at
24-48 hours postpartum), with one dose of NVP to
the infant, or (2) ZDV plus lamivudine (3TC) given
to the mother during labor, and to both the mother
and infant for seven days postpartum.9 Estimated
infant infection rates through eight weeks of age
were 9.3% in the ZDV plus 3TC arm and 12.3% in
the NVP group (P=.11), with transmission rates
among formula-fed-only infants somewhat lower
(6.9% and 10.6%, respectively).9 The second dose
of maternal NVP may not confer much additional
MTCT protection but might be associated with
higher rates of NVP resistance development.10
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Single-Dose NVP in
Combination with Other
ARV Drugs
As the cost of ZDV declined and the availability
and uptake of voluntary counseling and testing
during pregnancy improved somewhat, additional
studies evaluated whether or not sdNVP provided
additional efficacy when short-course (including
antenatal) ZDV regimens were used. Two openlabel, nonrandomized studies suggested that the
addition of sdNVP to short-course ZDV (starting at 34-36 weeks’ gestation in Thailand and at
36-38 weeks in Côte d’Ivoire) led to greater protection against MTCT than did ZDV alone, compared
to historical controls.13,14
Two other studies—randomized placebocontrolled trials—studied the efficacy of sdNVP in

addition to short-course ZDV. The first, PHPT-2,
was conducted in Thailand among formula-feeding
women who all received ZDV starting at 28 weeks
of gestation.15 Participants were randomized to one
of three intervention arms: (1) a placebo to both
the mother (during labor) and the infant, (2) one
dose of NVP to the mother with a placebo to the
infant, or (3) one dose of NVP to both the mother
and the infant. HIV-1 transmission was significantly higher in the placebo-placebo arm (6.3%),
which stopped enrolling participants early as a
consequence. The final transmission rate in the
NVP-NVP arm (1.9%) was not significantly inferior to that in the NVP-placebo arm (2.8%), with
both of these rates being remarkably low, and at
least in part attributable to lack of breastfeeding.15
The Botswana Mashi study provided ZDV
starting at 34 weeks’ gestation and for at least one
month after birth to all study participants and some
combination of sdNVP. Twelve hundred motherinfant pairs were randomized to receive either
sdNVP (as in HIVNET 012) or maternal and infant
placebo in addition to the ZDV.16,17 Mother-infant
pairs were also randomized in a 1:1 ratio (2x2 factorial design) to either formula feed or breastfeed
for six months, with six months of infant prophylactic ZDV. When the Thai PHPT-2 results were
made public in 2002, the Mashi study design was
changed to provide a dose of NVP to all infants,
for ethical reasons, but women continued to be
randomized to either sdNVP treatment or a placebo.16 In the revised study period, the one-month
HIV-1 MTCT rates were 4.3% in the NVP-NVP
arm and 3.7% in the placebo arm—low rates in
a group in which 50% of women breastfed. The
Mashi study16 and the two concurrent Malawi
studies11,12 described above suggest (but were not
designed to prove) that maternal sdNVP does not
prevent additional infections among breastfeeding
infants who receive at least one week of ZDV plus
a dose of NVP.
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Two additional concurrent randomized trials
in Malawi among a population of breastfeeding
women who did not take any antenatal ARV drugs
tested the efficacy of a different approach using
sdNVP. In both studies, infants were randomized to receive either one dose of NVP alone or
one dose of NVP with seven days of ZDV.11,12 The
first trial enrolled women who did not receive any
intrapartum intervention, as they presented within
two hours of delivery11; the overall rate of MTCT at
six to eight weeks was 27% lower in the NVP plus
ZDV group (15.3%) than in the NVP-only group
(20.9%) (P=.03). The second trial enrolled mothers
who received a single dose of NVP during labor12;
estimated MTCT at six to eight weeks was 14.1% in
the infant NVP-only group and 16.3% in the NVP
plus ZDV group (P =.36). In sum, these two parallel randomized trials suggested that one week of
infant ZDV plus infant sdNVP is better at preventing MTCT than infant sdNVP alone if the mother
did not receive any NVP during labor, but that
infant ZDV does not add significant protection if
the mother did receive NVP during labor.

The PACTG 316 trial, conducted in the United
States, Europe, and the Bahamas among formulafeeding women and infants, also compared the
efficacy of a single dose of NVP versus a placebo
to mother and infant.18 However, in this study,
mothers and infants received NVP or a placebo in
addition to local standard, nonstudy ARV drugs;
77% of women took combinations of two or more
ARV drugs antepartum.18 Transmission rates in
this formula-feeding population were again very
low, and did not differ by sdNVP receipt status
(1.4% in the NVP arm and 1.6% in the placebo
arm by six months of infant age).18 An observational study—DITRAME Plus—conducted in
Côte d’Ivoire among women (66% breastfeeding)
who took ZDV and 3TC from 32 weeks’ gestation
and one dose of NVP during labor (with infants
receiving sdNVP and one week of ZDV) found
an HIV-1 MTCT rate of 4.7% at four to six weeks
of age19 (this rate did not differ significantly from
the historical rate of 6.5% among women taking
short-course ZDV and sdNVP at the same site).
Although a discussion of drug resistance following ARV drug use for the prevention of MTCT
is beyond the scope of this chapter (see chapter
entitled “Drug Resistance Following the Use of
Antiretrovirals for Prevention of Mother-to-Child
Transmission of HIV: Prevalence and Implications
for Treatment Response” in this section), the
PETRA20 and DITRAME Plus21 studies demonstrated that following antepartum treatment with
ZDV and 3TC to prevent MTCT, the virus in
8.3% to 12% of women had developed the M184V
mutation conferring 3TC resistance, which limits
enthusiasm for the use of 3TC with only one other
drug in this context (the PETRA study randomized
pregnant HIV-1-infected women in South Africa,
Uganda, and Tanzania to receive ZDV plus 3TC,
given either antepartum, intrapartum, and postpartum; intrapartum and postpartum; or intrapartum
alone—or a placebo for the first two years of the
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study—and found that in this population in which
74% of women breastfed, the antepartum/intrapartum/postpartum strategy was most effective at
preventing MTCT when infection by six weeks was
evaluated, but that by 18 months of age there was
no significant overall difference in MTCT rates by
randomized study arm22).

Three-Drug Antiretroviral
Therapy
Combination, three-drug antiretroviral therapy
(ART) can reduce the risk of MTCT to less than
2%,18,23-25 including in developing-country settings
when breastfeeding transmission is not included,26
and has become the standard of care in settings in
which it is safe and feasible. Three non-randomized
studies in African breastfeeding populations of
three-drug ARV combinations given daily during
pregnancy to women who did and did not require
ART for their own care showed four- to six-week
HIV transmission rates as low as 1.2%-3.9%.27-29
These studies (DREAM, AMATA, KiBS) also continued the three-drug maternal regimens for up to
six months postpartum during the breastfeeding
period (see later in this chapter). It should be noted
that to date, no randomized efficacy trials studying
different three-drug combination regimens have
been completed, although one such trial is currently
under way in Botswana.
The studies outlined above have collectively
demonstrated that ARV drugs administered during pregnancy and to infants can dramatically
decrease HIV-1 MTCT, and that combination
(two- or three-drug) ARV prophylaxis started
in the antepartum period and given intrapartum
and postpartum to infants is most effective.15,18,23,24
Three-drug combination regimens18,23-29 as well as
short-course ZDV with sdNVP can reduce MTCT
to less than 2% in a formula-feeding population.15
Even antepartum/intrapartum and intrapartum/
postpartum ARV regimens can significantly reduce
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HIV Infection and
Breastfeeding
The optimal approach to infant feeding by HIVpositive women in resource-limited settings remains
unknown and is inevitably dependent upon local
factors such as access to clean water and a continuous and affordable supply of sufficient formula,
background rates of diarrhea and pneumonia,
the availability of rapid and effective infant medical care in the case of illness, and other variables.
Breastfeeding-associated MTCT and replacement
feeding are covered in more detail elsewhere in this
publication. However, this chapter will touch briefly
upon some of the studies that have evaluated (or are
testing) various approaches to preventing late postnatal transmission (LPT) through breastfeeding.
The first such study, conducted in Nairobi,
Kenya, randomized HIV-positive women with
access to clean municipal water to either breastfeed
or to formula feed (during a period in which ARV
interventions were not yet available).30 Cumulative
MTCT by two years postpartum was higher in the
breastfeeding arm (36.7%) than in the formulafeeding arm (20.5%; P=.001) (despite 30% nonadherence to the formula intervention), and HIV-free
survival was lower (58% and 70%, respectively;
P=.02).30

ARV Drugs and Breastfeeding-Related
MTCT: Infant Prophylaxis
The Mashi study, a 2x2 factorial design trial conducted in Botswana, included randomization of
mother-infant pairs to six months of formula feeding (with one month of prophylactic infant ZDV)
or six months of breastfeeding with six months of

infant ZDV (in addition to at least short-course
ZDV to all mothers, combination ART to 6% of
mothers, and various combinations of sdNVP,
as described above).17 The seven-month infant
HIV-1 infection rates were 5.6% in the formula
arm and 9.0% in the breastfeeding arm (P=.04),
but HIV-free survival at 18 months did not differ between arms (86.1% and 84.9%, respectively)
due to significantly higher mortality in the formula
arm.17 The incremental, breastfeeding-associated
MTCT between one and seven months of age in
the breastfeeding plus ZDV arm of the Mashi study
was 4.4%; although it is impossible to determine
whether infant ZDV prophylaxis during breastfeeding prevented any MTCT, and comparisons of
absolute MTCT rates across studies must be made
with caution, this LPT rate is similar to that seen
among breastfeeding children in the absence of
maternal and infant ARV drugs.31
Results are available from two other noncontrolled studies employing infant ARV prophylaxis during breastfeeding.32-34 The SIMBA study,
conducted in Uganda and Rwanda, provided ZDV
and didanosine to pregnant HIV-1-infected women
from 36 weeks’ gestation through one week postpartum, and randomized infants to receive either
daily 3TC or NVP from birth until six months
or one month after the cessation of breastfeeding
(maximum of seven months).34 The overall rate of
MTCT by six months was 8%, but the rate of LPT
(between four weeks and six months of age) was
only 1.0% (with no difference between 3TC and
NVP arms).34 It should be noted that the median
duration of breastfeeding was only 15 weeks in the
SIMBA study population, and maternal viral loads
at delivery following antenatal ZDV plus didanosine were quite low (2.7 log10).34 In the MITRA study,
mothers in Tanzania received ZDV and 3TC from
36 weeks’ gestation through labor and for one
week postpartum, and infants received ZDV plus
3TC for one week and then 3TC alone through the
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transmission,6,8,11,22 however, and neonatal prophylaxis as well as maternal viral load reduction are
both important components of MTCT prevention.
Finally, studies have shown some erosion of MTCT
prevention by late breastfeeding transmission.5,7,22

end of the breastfeeding period (for a maximum of
six months).32,33 The cumulative MTCT rates were
3.8% at six weeks and 4.9% at six months (with
1.2% LPT), and the median duration of breastfeeding was also quite short (18 weeks).32,33
None of these studies of infant prophylaxis during breastfeeding had a “control” arm (of breastfeeding infants who do not receive prophylaxis),
and the true efficacy (or lack thereof) of infant prophylaxis for preventing LPT cannot be determined.
Results are available, however, from two recently
published, randomized controlled clinical trials of
infant prophylaxis with extended daily NVP dosing
during breastfeeding.35,36 The Six-Week ExtendedDose Nevirapine (SWEN) study compared daily
infant NVP dosing to six weeks of age to the standard sdNVP regimen in three combined trials in
India, Ethiopia, and Uganda. At six weeks of age,
SWEN infants had a 46% lower risk of HIV infection than sdNVP arm infants (2.53% vs. 5.27%;
P<.01).35 However, for the primary endpoint of HIV
transmission at six months of age, SWEN infants
had a 20% lower risk than sdNVP infants (6.91% vs.
8.98%; P=.16), but this did not meet statistical significance. The risks of postnatal HIV transmission
or death in the SWEN arm versus the sdNVP arm
were 3.71% versus 6.81% (P<.01) at six weeks and
8.05% versus 11.58% (P=.03) at six months, respectively. The numbers of infants with serious adverse
events were similar in each arm.35
The Post-Exposure Prophylaxis of Infants
(PEPI) trial was a three-arm, randomized controlled open-labeled trial in Malawi in which
infants were randomized to sdNVP plus one week
of daily ZDV (control). The control regimen was
followed by extended daily NVP prophylaxis until
14 weeks of age, or extended daily prophylaxis
with NVP plus ZDV until 14 weeks of age. At the
primary endpoint of nine months of age, the HIV
infection rate in infants who were HIV uninfected
at birth was 10.6% in the control arm, 5.2% in
744

the extended NVP arm (P<.001), and 6.4% in the
extended NVP/ZDV arm (P=.002).36 The estimated
protective efficacy of the extended NVP was 67%
at six weeks, 67% at 14 weeks, 60% at six months,
and 51% at nine months.36 There was no benefit
from the addition of ZDV to the extended NVP
regimen in terms of efficacy; there was, however,
an increase in potentially related adverse events.
Determination of whether the ZDV reduced the
risk of development of NVP resistance in infants
receiving NVP prophylaxis is under way.
Several ongoing studies (e.g., the Breastfeeding,
Antiretrovirals, and Nutrition [BAN] study and the
HIV Prevention Trials Network [HPTN] 046 study)
are examining extended infant prophylaxis until six
months of age with NVP to determine the safety
and efficacy of a longer duration of NVP to provide
greater coverage of the breastfeeding period.

ARV Drugs and Breastfeeding-Related
MTCT: Maternal Treatment
Several ongoing randomized studies are also evaluating the efficacy of maternal combination ART
in preventing breastfeeding-related MTCT among
women who do not qualify for three-drug ART
for their own health. The BAN study, which is
being conducted in Malawi, has a six-arm, 2x3 factorial design with a randomization of women
with CD4 cell counts of greater than or equal to
250 cells/mm3 to nutrition supplementation or no
nutrition supplementation with three ARV intervention arms in each of these two groups. Women
are randomized to either maternal three-drug ART
(with ZDV, 3TC, and lopinavir/ritonavir) for six
months, infant daily NVP for six months, or the
background PMTCT regimen alone (which all
women and infants received), consisting of a single
dose of NVP, and ZDV plus 3TC for one week postpartum (as well as ZDV plus 3TC intrapartum).
The Kesho Bora study is being conducted
at several African sites by the World Health
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delivery. The reported cumulative rate of HIV
infection at six months of age in breastfed infants
was 2.2%.27 Similarly, in the AMATA trial in
Rwanda, where all breastfeeding women received
ART (AZT/3TC/NVP for those with CD4 counts
less than 350 cells/mm3; AZT/3TC/efavirenz for
those with CD4 counts greater than 350 cells/mm3)
during pregnancy from 26 weeks’ gestation and
up until one month after breastfeeding cessation
(maximum of seven months), the seven-month
infection rate was 1.6% with six out of seven infections detected at birth.28
The Kisumu, Kenya, KiBs study is following
HIV-positive women taking three-drug ART from
34 weeks’ gestation to six months postpartum during breastfeeding (ZDV plus 3TC plus NVP indefinitely for women with CD4 counts of less than or
equal to 250 cells/mm3, and ZDV plus 3TC plus nelfinavir for six months for women with CD4 counts
greater than 250 cells/mm3). Preliminary results
showed a cumulative HIV infection rate of 5.0% at
six months.29
In the next one to two years years, vital new
information from several different randomized
trials will be available regarding the safety and
efficacy (to both mother and infant) of various
ARV drug regimens in breastfeeding women with
higher CD4 counts (generally greater than or equal
to 200 cells/mm3), as will observational information regarding breastfeeding women with lower
CD4 counts (generally less than 200 cells/mm3) on
NVP-based ART.

Current Guidelines for the
Prevention of Mother-toChild Transmission of HIV-1
WHO37 and the U.S. Public Health Service (PHS)
Task Force38 publish frequently updated guidelines on the management of HIV-positive pregnant women, focusing both on maternal health and
MTCT prevention. Because these guidelines are
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Organization (WHO). Women with CD4 counts
of less than 200 cells/mm3 receive three-drug
ART with ZDV plus 3TC plus NVP indefinitely.
Women with CD4 counts of 200-500 cells/mm3
are randomized either to start three-drug ART
with ZDV, 3TC, and lopinavir/ritonavir beginning
between 28 and 36 weeks’ gestation through delivery and for six months postpartum, or to take ZDV
beginning between 28 and 36 weeks’ gestation with
sdNVP at the onset of labor, and a one-week tail
of ZDV/3TC. Women with CD4 counts of greater
than 500 cells/mm3 receive the same short-course
ZDV, sdNVP, and one-week tail as women with
lower CD4 counts. Both the BAN and Kesho Bora
studies will provide insight into the efficacy and
safety of maternal ART during the breastfeeding
period in preventing LPT, and the Kesho Bora
study will also evaluate the use of ART versus
short-course ZDV plus sdNVP and ZDV/3TC tail
for preventing the antepartum and intrapartum
components of MTCT among women with higher
CD4 counts.
The Mma Bana study, being conducted in
Botswana, is the first randomized trial of different ART regimens in pregnant women to ever be
conducted; pregnant women with CD4 counts
greater than or equal to 200 cells/mm3 are randomized to receive either ZDV plus 3TC plus abacavir (Trizivir) or ZDV plus 3TC plus lopinavir/
ritonavir starting in the second trimester and for
six months during breastfeeding. Women with
CD4 counts of less than 200 cells/mm3 who intend
to breastfeed receive a regimen of ZDV plus 3TC
plus NVP indefinitely.
Results are available from three non-randomized studies of maternal three-drug ART during
pregnancy and breastfeeding.27-29 The DREAM
study in Mozambique, Malawi, and Tanzania
provided combination ART to all pregnant HIVpositive women regardless of CD4 count during
pregnancy and continuing for six months after

widely available and are regularly subject to change,
only the key components of the WHO recommendations will be mentioned here, and the guidelines
will not be covered in a comprehensive fashion. A
brief discussion will be provided of some of the more
important areas of controversy or uncertainty.
Maternal combination ART for pregnant women
who need it for their own health both reduces maternal morbidity and mortality and comprises the most
effective means of MTCT prevention, and should
therefore be offered to pregnant women when indicated, whenever possible. The WHO criteria for initiating ART for pregnant women are very similar to
those for nonpregnant women. In sum, combination ART for pregnant women is recommended for
all women in WHO clinical stage 4, regardless of
their CD4 counts; women in WHO clinical stage 3
whose CD4 counts are less than 350 cells/mm3 (or
whose CD4 counts are unavailable); and all women
with CD4 counts of less than 200 cells/mm3 (some
experts suggest that ART should be considered for
all pregnant women with CD4 counts of less than
350 cells/mm3, regardless of clinical stage).
The WHO-recommended ARV regimen for pregnant women is ZDV plus 3TC plus NVP (generally
initiated as soon as possible or as soon as is advisable
for maternal health, and continued through labor
and postpartum). ZDV should be included in the
regimen when possible, but alternative nucleoside
reverse transcriptase inhibitor (NRTI) drugs for use
in pregnancy include abacavir and stavudine (the
combination of stavudine and didanosine should be
avoided in pregnancy). Lopinavir/ritonavir (rather
than NVP) is an option for women with higher
CD4 counts (discussed below), and is suggested by
the U.S. PHS (although optimal dosing, including
with the tablet formulation, is not known).
NVP is the non-nucleoside reverse transcriptase
inhibitor (NNRTI) drug of choice for ART in pregnancy, both because of fairly extensive clinical experience with its use in pregnant women (and therefore
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knowledge regarding its efficacy in reducing MTCT
and its safety to the fetus) and because of the potential for teratogenicity with efavirenz (EFV). However,
there are concerns about toxicity—primarily hepatitis
and/or hypersensitivity reaction—in women starting
NVP-containing ART with CD4 counts greater than
250 cells/mm3. Several approaches to the treatment
of pregnant women with CD4 counts greater than
250 cells/mm3 exist, including use of a triple NRTIbased or protease-inhibitor-based regimen where
possible, initiation of an NVP-containing regimen
(particularly among women with CD4 counts closer
to 250 cells/mm3) with close clinical and (where available) transaminase monitoring in the first 12 weeks
of therapy, or use of EFV rather than NVP in the
second or third trimester of pregnancy (during the
first trimester of pregnancy EFV should be used only
if the potential benefit justifies the potential risk to
the fetus).
For infants born to mothers taking antepartum
combination ART, ZDV treatment for seven days
is recommended (if the mother receives less than
four weeks of antenatal ART, then four weeks rather
than one week of infant ZDV should be given).
The recommended ARV regimen for preventing
MTCT among women who do not have indications
for (or who do not have access to) combination ART
consists of ZDV from 28 weeks of pregnancy (or as
soon as possible thereafter), ZDV plus 3TC plus
sdNVP in labor, and ZDV plus 3TC for seven days
postpartum for women (and for infants, sdNVP
plus one week of ZDV). The intrapartum/postpartum maternal ZDV plus 3TC is recommended to
reduce viral drug resistance that emerges following
sdNVP exposure.39 Omission of the maternal NVP
dose can be considered for women who received at
least four weeks of antepartum ZDV (if the maternal NVP dose is omitted, then intrapartum 3TC and
postpartum ZDV plus 3TC are not needed, but the
infant should receive sdNVP and four weeks rather
than one week of ZDV). In some settings, it will not
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Unanswered Questions
Many important questions remain unanswered in
the field of MTCT prevention:
1. Importantly, the best approach to preventing
breastfeeding-related MTCT of HIV-1 (including making formula-feeding or weaning safer)
in different settings (and a reliable algorithm for
determining which approach is recommended
for an individual woman) is not known.
2. The optimal ARV regimen in women with
baseline CD4 counts in the 250-350 cells/mm3
range who cannot take protease inhibitors is
uncertain.
a. There is a lack of data on the maternal safety
of continuous NVP among women with
CD4 counts in the 250-350 cells/mm3 range,
although the level of concern is great enough
that this should be avoided when possible.
b. The safety of the fetus when EFV is taken in
the second and third trimesters is not well
studied.
3. The optimal ARV regimen in women with
baseline CD4 counts above 350 cells/mm3 is
unknown. The relative benefit (with regard to
preventing MTCT) versus potential downsides
(potentially higher rates of prematurity or other
adverse infant outcomes, and of cost/complexity) of three-drug ART compared with the use
of one or two ARVs remains unknown.
4. Pharmacokinetic data for many ARV drugs
in pregnancy are insufficient (particularly for
more recently approved ARVs), with a particular pharmacokinetic challenge arising for pregnant women requiring concomitant rifampicinbased tuberculosis therapy.

5. Some ongoing questions exist as to the safety
of certain ARVs (or classes of ARVs) to the
fetus or infant. For example, either contradictory or minimal data exist regarding the following topics:
a. Possible infant bone toxicity of in utero tenofovir exposure
b. Possible persistent sequelae of mitochondrial damage associated with in utero
NRTI exposure
c. Premature delivery with combination ART,
in particular protease inhibitors (which can
carry grave consequences to the infant, particularly in resource-limited settings that
have limited means for providing neonatal
intensive-care medicine)
d. Possibly higher stillbirth rates in HIVexposed infants (related to HIV exposure,
early in utero HIV infection, ARV exposure, etc.)
However, these are all areas of great
uncertainty, and these safety concerns may
not be warranted. The risk-benefit ratio
of perinatal ARV use, particularly among
women with lower CD4 counts who are
more likely to transmit HIV-1 perinatally,
clearly favors ARV use but large, careful
studies of child outcomes following perinatal ARV exposure would be helpful to
determine which regimens maximize both
safety and efficacy. Given some of these
potential safety concerns, the results of
randomized trials among less immunosuppressed women—comparing less intensive
MTCT prevention regimens (sdNVP with
or without short-course ZDV) to more
intensive three-drug ART regimens—are
particularly important, as the risk-benefit
ratio of these strategies may be different in
this population less at risk for transmitting
HIV-1.
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be possible to deliver all these ARV components,
and women and infants should receive as much of
the recommended regimen as is possible (e.g., ZDV
with sdNVP alone, or even sdNVP alone, if that is
all that is possible).

6. Questions remain regarding the best approach
to preventing drug resistance from arising in the
setting of highly abbreviated (and therefore much
more feasible) MTCT prevention regimens (such
as sdNVP), and the implications of this drug
resistance for subsequent treatment response.
7. The optimal timing of ARV regimen initiation
during pregnancy has not been well studied.
8. The role of elective cesarean sections among
women with very low or undetectable HIV-1
RNA levels (and the safety of cesarean sections
in resource-limited settings) is unclear.
9. Health delivery approaches that improve the
availability and uptake of the best possible
standard of care for MTCT prevention need
to be tested.
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10. Maternal health questions such as nutritional
and/or micronutrient supplementation during
pregnancy and breastfeeding, and the impact
(if any) of brief ARV use for MTCT prevention (with cessation of ARVs postintervention
among women who do not qualify for ART for
their own health) are among the important,
incompletely answered questions regarding the
health of HIV‑1-infected pregnant and postpartum women.
Despite gaps in our knowledge, we have many
potent interventions already at our disposal for
safely and effectively preventing MTCT and preserving and improving the health of mothers. We
must do our utmost to use them.
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the Administration of
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a

T

he standard of care for the prevention
of mother-to-child HIV transmission
(PMTCT) in North America and Europe is
combination antiretroviral therapy (ART), regardless of maternal disease status.1 This standard has so
far not been attainable in resource-limited settings
due to limited feasibility and high cost. In these settings, the World Health Organization (WHO) recommends that HIV-positive women be screened
for ART eligibility early in the course of pregnancy,
and then triaged to ART or another PMTCT regimen according to the maternal disease status based
on CD4 cell count and WHO stage. ART is only
initiated in pregnant women who meet the regular adult criteria for treatment eligibility.2 In this
chapter, we highlight special considerations for the
administration of ART in pregnancy, including
when to initiate therapy, selection of appropriate
drug regimens, drug toxicities, and complications
associated with advanced HIV disease.

Pregnancy and
CD4 cell count
Pregnancy is associated with physiological changes
that may alter hematologic and immunologic
parameters. The effect of pregnancy on CD4 cell

count, however, is believed to be marginal3; as
a result, absolute CD4 cell count is still recommended by WHO as a criterion for ART eligibility.2
Although recent work has advocated use of CD4
percentage as a more reliable marker for immunosuppression during pregnancy,4 the convention
remains unchanged.
Based on cross-sectional CD4 data from a pregnant population in Zambia (unpublished data,
N. Chintu), almost 20% of all pregnant women
qualify for ART (i.e., meet the criterion of a CD4
cell count <200 cells/mm3) and the majority of
these women will have WHO stage I or II HIV disease. To capture all ART-eligible pregnant women,
CD4 testing must become a routine part of PMTCT
programs, and countries should make access to
comprehensive HIV care—which includes CD4
testing—a priority. In many settings, women will
have difficulty returning several times to the clinic
and efforts should be made to reduce the number
of clinic visits required. For instance, blood for the
CD4 cell count can be drawn on the same day the
patient is diagnosed with HIV.
Recent data from the European Collaborative
Study from 240 HIV-positive pregnant women
who commenced ART showed that the majority of
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women who were started on a nevirapine (NVP)based regimen achieved viral load suppression
by 15 weeks.5 Because many women in resourcelimited settings may have uncertain due dates or
no access to ultrasound-confirmed dating, it is
generally agreed that ART should be started as
soon as possible in pregnant women identified as
eligible for therapy. Given the multiple logistical
challenges in resource-limited settings, such as
off-site lab testing, delays in getting lab results,
and difficulties in getting patients to return to
collect results, doing as much as possible while
women are actually at the clinic is preferable. In
addition, postpartum women who are eligible
for ART but did not start therapy while pregnant
should immediately start therapy to reduce the
chances of mother-to-child HIV transmission
during breastfeeding.

Initiating Combination
Antiretroviral Therapy
During Pregnancy
Many studies have shown that increased maternal
viral load, low maternal CD4 cell count, vaginal
birth, and breastfeeding are the most significant
risk factors for perinatal transmission of HIV.6 In
recent years, perinatal transmission of HIV has
been virtually eliminated in the United States,
Europe, and other high-resource settings by ensuring high service coverage and by offering combination ART to all pregnant HIV-positive women.
With ART having the potential to decrease perinatal HIV transmission to less than 5% during pregnancy and breastfeeding, initiation of ART during pregnancy for all eligible women in the most
affected countries is an essential step toward eradicating pediatric AIDS.
WHO has recommended the following criteria
for the initiation of combination ART in pregnant
women in resource-limited settings2:
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• All pregnant women having WHO stage IV
HIV disease
• All pregnant women with a CD4 cell count
<200 cells/mm3
• WHO stage III and CD4 cell count <350 cells/
mm3 or just WHO stage III if CD4 cell count is
not available
WHO has not made strong recommendations
for initiation of ART in pregnant women with a CD4
cell count between 200 and 350 cells/mm3. Based on
data from the Zambia Exclusive Breastfeeding Study,
31% of perinatal infections occurred in infants born
to women with a baseline CD4 cell count between
200 and less than 350 cells/mm3. If taken together
with women whose CD4 cell counts were less than
200 cells/mm3, 82% of postnatal infections and
84% of maternal deaths occurred in this group.
Additionally, infants born to women who had a
CD4 cell count of less than 350 cells/mm3 (even if
the infants were not HIV-infected) had substantially
higher mortality rates than infants born to mothers
with a CD4 cell count greater than 350 cells/mm3
(unpublished data, D. Thea).

ART Regimens for
Pregnant Women
Women with CD4 Cell Counts
<250 cells/mm3
The most common regimen for women with a CD4
count less than 250 cells/mm3 is zidovudine (AZT) +
lamivudine (3TC) + NVP. WHO and the U.S. Public
Health Service recommend that first-line regimens
include AZT (300 mg/day) based on extensive data
in pregnancy.9
Anemia remains a concern as a side effect of
AZT, especially in women who may be anemic
before initiating ART. Despite this concern, 97%
of HIV-positive pregnant women at baseline in a
cross-sectional analysis in Lusaka, Zambia, were
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Women with CD4 Cell Counts
>250 cells/mm3
Women with CD4 cell counts greater than 250 cells/
mm3 have been shown to be at a higher risk of
hepatotoxicity when started on an NVP-containing
regimen7; therefore, the authors recommend distinguishing between pregnant women with a lower
(≤250 cells/mm3) versus a higher CD4 cell count,
when choosing regimens for the initiation of ART.
The NRTI backbone should be either AZT + 3TC
or d4T + 3TC.
There are several different options for initiating ART in pregnant women with CD4 cell counts
greater than 250 cells/mm3. These include the
following:
• Continue an NVP-based regimen and repeat
liver function tests after the first week and
then every 2-4 weeks for the first 12 weeks.
This option has a disadvantage in that some
sites may not have ready access to liver function tests. However, an advantage to this
option is that most countries have AZT/3TC/
NVP combinations readily available; it also
reserves protease inhibitors (PIs) for secondline therapy.

• Give an efavirenz (EFV)-based regimen if the
woman is in her second or third trimester.
• Administer a regimen based on AZT, 3TC,
and a PI. This may hinder selection of a second-line regimen in the future since PIs are
usually reserved for cases of treatment failure.
However, a future second-line regimen could
include a non-nucleoside reverse transcriptase
inhibitor (NNRTI) such as EFV or NVP if the
CD4 count has decreased to below 250 cells/
mm3. Use of PIs in pregnant women with high
CD4 cell counts can also cause severe nausea
and vomiting.
• Give a triple nucleoside-based regimen such as
AZT, 3TC, and abacavir. A potential drawback
is that this may not be as potent as other regimens, which is particularly relevant for women
with high viral loads.8
Interestingly, in the European Collaborative
Study,5 ART-naive pregnant women who were initiated on a PI-based therapeutic regimen needed
on average 1.4 times longer to achieve viral load
suppression than women initiated on an NVPbased regimen.

Second-Line ART Regimens for
Pregnant Women
Switching ART regimens due to treatment failure
during pregnancy is likely to be uncommon since
most women will either start ART during pregnancy
or become pregnant while on their current ART
regimen. However, if a patient is determined to be

Box 1. Case Study: Switching to a Second-Line Regimen during Pregnancy
A 32-year-old woman being followed in the ART clinic is on a regimen consisting of AZT + 3TC + NVP. She was
initiated on ART before her pregnancy when her CD4 count was 180 cells/mm3. During her pregnancy, her CD4
count is rechecked and found to be 100 cells/mm3. At that point, a viral load is ordered. Her viral load is found
to be 30,000 copies/mL at 36 weeks. The clinician decides that the patient is failing her therapy and that she
should be switched to emtricitabine and tenofovir plus a PI. After delivery, she continues on her PI-based regimen and her infant tests HIV-negative at six weeks by polymerase chain reaction.
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not anemic (defined as having an Hb <10 g/dL);
the median Hb was 10.2 g/dL (unpublished data,
N. Chintu). Stavudine (d4T) may be used instead
of AZT in the presence of significant anemia. We
recommend starting AZT on any woman who has
an Hb greater than 8 g/dL.

failing therapy during pregnancy—as indicated by
a dropping CD4 count, a new opportunistic infection, or a rising viral load—it is imperative that her
ART regimen be switched to maximize her health
and minimize the risk of perinatal HIV transmission. All antiretrovirals will need to be switched if
it is determined that the patient is failing therapy.
The choice of second-line nucleoside reverse transcriptase inhibitor (NRTI) backbone depends on
which regimens were used for first-line regimens. If
the first-line regimen contained AZT + 3TC, the second-line regimen can either contain a backbone of
emtricitabine + tenofovir (TDF) or didanosine (ddI)
+ abacavir (ABC). A PI would then complement
this regimen such as lopinavir/ritonavir, nelfinavir,
or saquinavir. If the first-line regimen included d4T
and 3TC, then the second-line regimen could contain AZT + ddI + a PI or TDF + a PI. An increasing
number of developed countries are using lopinavir/
ritonavir in second-line regimens based primarily
on the demonstrated potency of these regimens.
Despite the absence of substantial data on the use
of lopinavir/ritonavir in pregnancy, it is currently
the PI most commonly given to pregnant women
because of its low associated risk of side effects. The
case study in Box 1 provides an example of the management of a pregnant woman found to be failing
her first-line regimen during pregnancy.

ART Side Effects and
Drug Toxicities
First-line antiretroviral drugs are fairly well tolerated in pregnant women. For the most part, side
effects are uncommon, relatively mild, and often
transient. However, there are a few important
considerations.
NVP has been associated with two rare but potentially severe side effects: rash and hepatotoxicity.
Both usually occur in the first three months of therapy and appear more common in women with CD4
counts greater than 250 cells/mm3.7 Incorporation of
756

a two-week lead-in period for NVP—where 200 mg
is administered once daily rather than twice daily—
is believed to reduce these risks.10
When combined with other first-line antiretrovirals, d4T is considered safe and effective.
However, stavudine must not be prescribed with
ddI during pregnancy due to significantly elevated
risks for lactic acidosis and pancreatitis. Given the
potential severity of either diagnosis, particularly
in settings where diagnostic tests may not be readily accessible, this combination should be avoided.
Consideration should also be given to the specific side effects of each medication in the context
of the pregnancy. One common side effect of AZT
is nausea. If a patient has a condition that may be
exacerbated by these side effects (e.g., hyperemesis
gravidarum), care should be taken to avoid AZT or
to be aggressive about treating symptoms.
Due to its tolerability, effectiveness, and low pill
burden, TDF has been incorporated into first-line
drug regimens in many countries. Although the
drug has been categorized by the U.S. Food and
Drug Administration (FDA) as “B” (i.e., animal
evidence reveals no harm to the fetus), its chronic
use in pregnancy has not been well studied. TDF
has been associated with decreased bone mineral
density among children and as a result, theoretical concerns have been raised that the drug may
impair fetal bone development. At this time, WHO
has not recommended TDF as a first-line regimen
and it is therefore listed among the second-line
regimens in this chapter.2
EFV has been associated with neural tube
defects in animal studies and in a few cases among
humans. For this reason, the drug has been designated as category “D” (i.e., positive evidence
for fetal malformations) by the FDA. However,
when choices for second-line antiretroviral drugs
are limited, EFV may be considered in the second
or third trimester, long after organogenesis. This
option is particularly important in settings where
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Adverse Outcomes Associated
with HIV Infection and ART in
Pregnancy
Preterm Birth and Low Infant
Birth Weight
HIV infection has been associated with higher rates
of preterm birth and low birth weight (LBW) when
compared to the general antenatal population. A
large observational cohort in the United States
found that HIV infection was associated with a
nearly twofold risk in preterm birth.11 In Kenya,
HIV infection was associated with a threefold risk
for delivering an LBW infant.12 Other studies have
described similar phenomena.13-15 Among HIVpositive women, those with severe immunosuppression appear to be at the greatest risk.
At present it is unclear whether the use of ART
increases the likelihood of preterm birth or LBW
infants among HIV-positive pregnant women.
In Europe, cohort studies have demonstrated up
to a fourfold increase in risk for preterm delivery
among women using PIs.16-18 However, most studies from the United States19,20 and Latin America21
have not demonstrated this association. Because
of the limited availability of ART in Africa for
the past decade, few studies are available for this
region. In one such analysis, investigators from

Côte d’Ivoire did note a two- to threefold increase
in LBW infants when ART was used compared to
short-course PMTCT regimens, but this did not
specifically look at PI-based regimens.22

Stillbirth
HIV infection has been associated with an increased
risk for fetal death in a number of studies. Separate
case-control studies in Kenya, for example, demonstrated a nearly threefold risk for stillbirth among
HIV-positive women.15,23 These results were supported by a large meta-analysis examining the
same issue; across 31 studies, stillbirth was nearly
four times as likely in HIV-positive pregnant
women when compared to HIV-negative pregnant
women.24 More recent work in African countries
has suggested that this effect may be mediated by
immunosuppression (i.e., lower CD4 counts),25,26
suggesting that ART may improve these birth outcomes. However, more investigation is needed.

Fetal Malformations
Few antiretrovirals have been associated with fetal
malformations, yet cases have been reported with
the use of EFV in the first trimester of pregnancy.27
In population-based studies and pregnancy registries, none of the commonly used antiretroviral
drugs have been associated with birth defects.28-30
Despite these findings, surveillance should continue as services expand rapidly in HIV-highprevalence settings.

Other Obstetrical Complications
Suy and colleagues31 identified HIV infection as a
risk factor for the development of pre-eclampsia.
Risk appeared to be highest—over fivefold when
compared to HIV-negative women—among women
on ART before conception. Risk was not associated
with any specific drug regimens; however, others
have hypothesized a theoretical link between preeclampsia and PIs.31 Certain antiretroviral drugs, in
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TB is highly prevalent as coinfection may require
substitution of NVP. If EFV is selected, the patient
should be fully counseled about its risks and benefits before consenting to its use.
PIs are commonly prescribed as part of secondline regimens. The three most commonly prescribed drugs in this class—lopinavir/ritonavir,
nelfinavir, and saquinavir—are safe for use during
pregnancy. However, the frequency of dosing along
with the common development of gastrointestinal
side effects, such as severe nausea and diarrhea,
should be considered before PIs are prescribed.

particular PIs, had been linked to increased odds of
gestational diabetes.32,33 More recent data, however,
suggest no association.34,35
In summary, HIV infection has been independently associated with a number of adverse
pregnancy outcomes. In some cases, these outcomes may be related to the use of antiretrovirals,
although risk appears to be highest among patients
receiving long-term therapy. Despite these concerns, it is important to initiate ART during pregnancy for all eligible women, either for maternal
treatment or for PMTCT, since the benefits of such
therapy convincingly outweigh any potential risks
identified thus far.

lead shield to protect her abdomen before having
an X-ray).
Treatment recommendations for PCP are
trimethoprim/sulfamethoxazole at 15 mg/kg/day
intravenously or orally for 21 days.36 If the patient
is severely immunocompromised (CD4 <200 cells/
mm3), oral prednisone or intravenous methylprednisolone can be initiated before starting trimethoprim/sulfamethoxazole. Once diagnosed, patients
will need to stay on lifelong PCP prophylaxis.
Any HIV-positive pregnant woman should
receive PCP prophylaxis if her CD4 cell count is
less than 350 cells/mm3.37

HIV-Related Complications in
Pregnancy

Pregnancy is not a risk factor for the development
of tuberculosis (TB). HIV-positive pregnant women
do not need to receive isoniazid prophylaxis simply
because they are pregnant. However, like pneumonia, TB can cause even higher morbidity and
mortality in pregnancy because of the reduction
in pulmonary reserves. TB can also be hard to
diagnose, and clinicians may not be as aggressive
in attempting to diagnose or in treating pregnant
women with suspected TB.
Pregnant women with suspected TB (i.e., experiencing cough for more than two weeks, fever,
or weight loss) should undergo a sputum test and
chest X-ray and should be treated aggressively if
found to be infected with TB. HIV-positive pregnant women who are not on ART can receive the
same nationally approved anti-TB regimen given
to nonpregnant women. If a pregnant woman is
receiving ART, it is most likely an NVP-containing
regimen. Many TB regimens in Africa are rifampicin based, which makes the selection of antiretrovirals for women receiving rifampicin challenging because rifampicin decreases the therapeutic
levels of NVP, leading to decreased effectiveness.38
Rifampicin also interacts with many PIs,39 decreasing their blood serum concentrations. Choices of

Pneumonia
Pneumonia in pregnancy is associated with greater
morbidity and mortality than in nonpregnant women.
Pregnant women living with HIV are at higher risk
of acquiring pneumonias (such as Staphylococcus,
Mycoplasma, Mycobacterium, and Pneumocystis carinii pneumonia [PCP]). For example, one U.S. study
found an overall mortality rate among pregnant
women infected with PCP of 50% (n=22).36 Even
slight changes in oxygenation can adversely affect the
fetus, and women who have pregnancies complicated
by pneumonia are more likely to have LBW and premature infants. While the impact of PCP and other
pneumonias on maternal morbidity and mortality as
well as pregnancy outcomes in African countries is
considered to be significant, there are no currently
available data on the incidence of PCP among HIVpositive women in this region.
Symptoms of pneumonia in pregnancy include
fever, cough, and dyspnea. The evaluation of pregnant women with signs of pneumonia should
include a thorough history, a chest exam, and a
chest X-ray (the woman should be draped with a
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Tuberculosis

From the ground up: Establishing a Framework for Success

Malaria
Malaria is endemic to sub-Saharan Africa and
HIV infection may affect a pregnant woman’s ability to mount an appropriate immune response
to Plasmodium falciparum. Studies have shown

that pregnant women coinfected with HIV and
malaria have higher risks of placental malaria
and parasitemia.40 The standard of care in many
malaria-endemic areas is intermittent presumptive
therapy (IPT) with sulfadoxine-pyrimethamine
(S-P). It is crucial that health-care providers be
aware of whether a pregnant woman on ART is
also receiving IPT; for this reason, administration of IPT to pregnant women should always be
well documented. Both S-P and NVP can cause
liver and skin toxicity, and S-P and AZT can both
cause anemia. If anemia is seen as a side effect in
patients receiving both S-P and AZT, it may be
difficult to distinguish which drug is responsible.
Therefore, staggering the administration of IPT
with the administration of ART may be something
to consider.
Women taking cotrimoxazole prophylaxis
do not require IPT because cotrimoxazole prophylaxis provides sufficient protection against
malaria. However, these women should be
advised to sleep under mosquito nets for additional protection.

Box 2. Case Study: Pregnant Woman with Kaposi’s Sarcoma
A 26-year-old woman is seen in October with a CD4 count of 288 cells/mm3. She presents to the ART clinic three
months later at 32 weeks gestation, at which time she is diagnosed with KS, placing her at WHO HIV disease
stage IV. At this time, she complains of breathlessness, fatigue, and odynophagia. Fetal movements are present. Her oral/pharynx examination shows subcutaneous and cutaneous KS nodules on the face, arms, thighs
and legs, conjunctiva, and eyelids. She also has KS lesions on the tongue and hard palate with questionable
lung involvement. Chest has bronchial breath sounds.
The patient is started on an ART regimen consisting of d4T, 3TC, and high-dose lopinavir/ritonavir (4 capsules
twice daily) as well as septrin and hematinics (her Hb was <10.0 g/dL). An ultrasound is performed that is suggestive of oligohydramnios, and the symphysial fundal height is 27/40 but the U/S estimate is 32/40 weeks gestation. Chest X-ray is not suggestive of lung involvement but close follow-up is required to rule it out.
The patient is referred to a tertiary center for chemotherapy and is given steroids; she delivers two weeks after
starting ART. Chemotherapy is started after delivery.
The patient develops a fever three weeks after commencing chemotherapy and is treated for early sepsis.
Liposomal doxorubicin is given in cycles and the patient’s general condition starts improving. Septrin prophylaxis is given to the infant, and at six weeks, PCR testing is done on the infant, who is found to be HIVuninfected. The patient is closely followed at a general health clinic and shows marked improvement. After six
months on antiretrovirals, she is asymptomatic with the KS lesions resolving and no further facial edema.
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antiretroviral drugs for pregnant women who are
receiving anti-TB therapy are as follows:
• An EFV-based ART regimen (if TB is diagnosed
in the second or third trimester).
• Rifabutin substituted for rifampicin. This can
be given with NVP; however, rifabutin is not
widely available in many countries.
• A triple-drug NRTI regimen, such as AZT +
3TC + ABC or TDF; this regimen may not be as
potent as other regimens.
• Another option is to give a boosted PI with antiTB therapy; however, this may cause untolerable side effects such as nausea and diarrhea.
Isoniazid, ethambutol, pyrazinamide, and
rifampicin are all safe for use in pregnancy.
Streptomycin is teratogenic and should not be
given in pregnancy.

Kaposi’s Sarcoma

ART and Breastfeeding

Common treatments for systemic Kaposi’s sarcoma (KS) are chemotherapeutic agents such
as (paclitaxel), doxorubicin, interferon-alpha 2,
alitretinoin, and vinblastine; none of these can
be safely given in pregnancy. For cases of disseminated KS in pregnancy, the benefits of treating the mother with a teratogenic agent versus
preserving the health of the fetus should be
weighed. Antenatal steroids should be given to
the mother if the decision is made to deliver the
infant before 34 weeks in order to start maternal therapy. After delivery, the mother can be
given the appropriate agents. The case study in
Box 2 provides an example of a patient who was
diagnosed with KS during pregnancy and subsequently treated.

Pregnant women who are placed on ART during
pregnancy for their own health usually continue on
ART postpartum. In many countries, these women
will choose to breastfeed. Currently WHO does not
explicitly recommend that women on ART continue
to breastfeed, but an increasing body of evidence
suggests that women on ART have a reduced risk
of transmitting HIV to their infants postpartum.
Results of multiple studies from Rwanda, Tanzania,
and Zambia on breastfeeding and transmission
rates all demonstrate very low rates of postpartum mother-to-child transmission among women
on ART. In the study from Rwanda, 572 pregnant
women were enrolled, of whom 224 chose breastfeeding while on ART (which were mostly NRTIbased regimens).41 Only six infants became infected
with HIV, all of whom were infected at birth. A second study done in Tanzania followed women who
started ART at 34 weeks gestation (earlier if they
needed ART for their own health) or through six
months of breastfeeding.42 Women were counseled
to stop breastfeeding at six months postpartum. Of
the 441 infants included in the analysis, 4.1% were
infected at birth and 5% at six months of age, showing little transmission during breastfeeding.

Special Considerations
ART in Early Pregnancy
At each routine visit, women who are on ART
should be asked what, if any, method of contraception they are using. ART clinics are an ideal
place to promote contraception for women who
do not wish to become pregnant. Women should
also be asked when their last menstrual period
was in order to detect any possibility that they
may be pregnant.
Many of the commonly used antiretroviral
drugs are not known to be teratogenic; however,
it is usually best to avoid initiating ART during the
first trimester. If a woman who is already on ART
becomes pregnant, it is recommended that she
continue therapy since the risks of discontinuing
ART outweigh any known risks to the fetus.
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Conclusion
Treating eligible pregnant women with ART has
many benefits beyond the improved health of the
mother. Using a CD4 cell count cutoff for starting
ART that continues for a lifetime should be highly
considered for both maternal and infant benefits.
Treating pregnant women can be complicated, and
new data are constantly emerging which will enable
us to treat these patients more effectively.
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Drug Resistance Following the
Use of Antiretrovirals for Prevention
of Mother-to-Child Transmission
of HIV: Prevalence and Implications
for Treatment Response
Shahin Lockman

T

he likelihood of developing
detectable HIV-1 drug resistance depends
upon numerous factors. First, even a single mutation in the HIV-1 reverse transcriptase
gene is sufficient to cause high-level resistance
to nevirapine (NVP) or lamivudine (3TC)1 (e.g.,
K103N or Y181C with nevirapine, or M184V
with 3TC). NVP has been detected in maternal
blood for up to three weeks following ingestion
of a single dose,2 and this long half-life essentially
creates a lengthy period of monotherapy that predisposes to the development of NVP resistance.
Higher HIV-1 RNA level and lower CD4 count
at the time of drug exposure during pregnancy
are associated with the development of drug
resistance following mono- and dual-drug use
for prevention of mother-to-child transmission
(PMTCT).3-5 HIV-1 subtype may also be associated with emergence of drug-resistant virus: NVP
resistance following single-dose (sd) NVP exposure arises more frequently with subtype C than
with D,6 and less with subtype A.6,7 Potent combination regimens that fully suppress maternal viral
load and/or use of antiretroviral drugs with a high

resistance barrier will minimize the development
of resistance in mothers and in infected babies.
However, these combination regimens are not yet
widely available for PMTCT, and in many settings,
sdNVP remains the most feasible option.
Two additional factors to consider when evaluating drug resistance results post-PMTCT are the
timing of measurement of drug resistance in relation to the timing of the intervention (drug resistance tends to “fade” from detection over time, in
the absence of ongoing selection pressure for the
resistant virus strains3,8) and the assay used to test
for drug resistance (e.g., standard licensed technique vs. highly sensitive research assay such as
allele-specific polymerase chain reaction [PCR]).
Current standard genotyping sequencing assays
(such as Viroseq) can detect subpopulations of
drug-resistant virus that comprise 10%–20% or
more of the overall virus population. Highly sensitive assays, such as allele-specific PCR8 or TyHRT
yeast assays, can detect viral variants that comprise
1% or less of circulating virus.9,10 The clinical implications of the presence of very small populations of
resistant virus have yet to be fully elucidated.
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Drug Resistance following
Zidovudine and 3TC for PMTCT
Clinically significant drug resistance arises relatively infrequently following antiretroviral prophylaxis with short-course zidovudine (ZDV) during
pregnancy.4,11,12 For example, in the Pediatric AIDS
Clinical Trials Group 076 study, maternal samples
from 96 women (with high median CD4 count
of greater than 550 cells/mm3) were tested for the
presence of minor (K70R) and major (T215Y/F)
ZDV drug resistance mutations; only one of
39 developed the former, and none of 42 women
developed the latter (clinically significant) drug
resistance mutations.11 Pregnant women in the
Thai Perinatal HIV Prevention Clinical Trial
(PHPT-2) study started ZDV at 28 weeks gestation,
and the majority also received sdNVP; 4.6% (12 of
256) developed one or more important ZDV resistance mutations when tested at a median of 12 days
postpartum.13 Drug resistance mutations were
detected in a higher proportion (25%) of Women
and Infants Transmission Study participants after
receipt of antepartum ZDV, and the emergence of
drug resistance was associated with higher viral
load and lower CD4 count.4
Drug resistance of 3TC arises with greater frequency following use of 3TC in combination with
ZDV during pregnancy. New 3TC resistance in
this context is associated with the duration of 3TC
exposure. For example, when pregnant women in
a French cohort added 3TC to ZDV at 32 weeks
gestation, 39% had 3TC resistance at six weeks
postpartum.5 Longer exposure to 3TC was associated with greater risk of resistance: 3TC resistance was detected in 50% (37 of 74) of women
who received at least two months of 3TC, 20%
(14 of 70) who received one to two months, and
none of 12 who received less than one month of
3TC.5 Among participants in the sub-Saharan
Africa PETRA trial who took ZDV/3TC starting at
36 weeks gestation and for one week postpartum,
766

12% (six out of 50) of women were found to have
3TC resistance at one week after delivery.14 In the
DITRAME Plus study in Côte d’Ivoire, women
took ZDV/3TC starting at 32 weeks gestation and
one dose of NVP intrapartum; 8.3% of women
had 3TC resistance at four weeks postpartum, and
3TC resistance was again associated with duration of ZDV/3TC exposure.15 In a smaller study in
Thailand, none of 32 women tested at six weeks
postpartum was found to have 3TC-resistant virus
following antepartum exposure to ZDV/3TC from
34 weeks gestation.16 Similarly, none of 37 women
who received ZDV/3TC for one week after delivery in the South African Intrapartum Nevirapine
Trial17 or of 42 women who received ZDV/3TC for
four to seven days postpartum in the Treatment
Options Preservation Study (TOPS)18 had detectable ZDV or 3TC mutations at four to six weeks
after delivery using standard resistance assays.

Single-Dose NVP
and Drug Resistance
Using Standard Assays
Drug resistance that emerges after the use of
NVP—particularly sdNVP—arises frequently both
in women and in HIV-1-infected infants exposed
to sdNVP and has engendered the most concern
related to resistance and PMTCT regimens.
Several studies conducted in Africa using standard genotyping assays have examined the prevalence of maternal NVP resistance mutations following ingestion of only sdNVP (without other
antiretrovirals) and found it to be present in
25%–75% of women.6,7,18-22 NVP resistance emerges
with somewhat lower frequency when other antiretroviral drugs are used in combination with
sdNVP for PMTCT. For example, when sdNVP
was given in combination with short-course ZDV,
NVP resistance was detected in 45% of women in
Botswana,23 in 33% in Côte d’Ivoire,24 and in 18% in
Thailand.25 The use of NVP-containing three-drug
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Single-Dose NVP and Drug
Resistance Using Highly
Sensitive Assays
Many recent studies have evaluated the presence
of minor resistant variants in women following
sdNPV ingestion, some of them studying the persistence of these variants over time. These studies
have demonstrated that some level of NVP-resistant
virus is present in the majority of women, and that

many women without detectable NVP resistance
using standard assays harbor some degree of resistance when highly sensitive assays are used.8,30-32 For
example, among 9 women with NVP resistance at
6–8 weeks but not at 12–24 months postpartum by
standard genotyping, 3 women had K103N using
the highly sensitive LigAmp technique.33 Johnson
et al found the NVP resistance-conferring K103N
mutation in 16 (40%) of 40 women (who did not
have resistant virus at this time by conventional
sequencing) at 6–36 weeks postpartum, using realtime PCR-based methods.31 In another, smaller
study in 22 women, using allele-specific PCR, 5 of
7 women who did not have non-nucleoside reverse
transcriptase inhibitor (NNRTI) resistance by standard sequencing at 2 months postpartum had NVP
resistance detected by allele-specific PCR.32
NVP resistance is known to “fade” from detection with increasing time since sdNVP exposure
when standard resistance assays are used. 3,20,34
Resistance is also detected with decreasing frequency over time when more sensitive resistance
assays are employed. In a study of 144 women who
took sdNVP in the HIV Network for Prevention
Trial 012 study in Uganda, K103N resistant variants were estimated to persist at low levels in 41.7%
of women at six to eight weeks, 12.4% at two years,
8.1% at three years, and 0.9% at four and five years
postpartum (using the LigAmp technique).35 The
mean percentage of virus that harbored the K103N
mutation among women with detectable K103N
was 1.2% at two years and 0.8% at three years.35
Persistence of resistance in this study was independently associated with HIV-1 subtype (more frequent with subtype D than with subtype A) and
with higher pre-sdNVP viral load.35
A different study sought minor variants with the
K103N mutation both in plasma and in cell-associated virus (peripheral white blood cells) over time.8
The investigators used allele-specific PCR and
tested samples from 67 women from South Africa.
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antiretroviral therapy (ART) during pregnancy
further attenuates (to the 10%–15% range) but
does not entirely eliminate the selection of NVP
drug resistance,26,27 which can certainly also emerge
in the context of suboptimal adherence.
A strategy for reducing NVP resistance that was
employed with success in South Africa’s TOPS was
the use of a four- or seven-day postpartum maternal
“tail” of ZDV/3TC following sdNVP (among mothers who did not receive any other antiretroviral
drugs).18 This approach was associated with a significant reduction in the prevalence of NVP resistance
among women, from 57% with sdNVP alone to 13%
with the addition of four days of ZDV/3TC and 9%
with an additional seven days of ZDV/3TC.18 These
findings prompted the inclusion of intrapartum
ZDV/3TC and a seven-day “tail” of maternal postpartum ZDV/3TC among women who took intrapartum sdNVP (with or without short-course ZDV
during pregnancy) to reduce the emergence of NVP
resistance among mothers.28
Another study has demonstrated that among
mothers with CD4 greater than 200 cells/mm3 who
take ZDV from 32 weeks gestation plus sdNVP,
the addition of a single dose of tenofovir/emtricitabine also significantly reduces the rate of maternal NVP resistance (from 30% without tenofovir/
emtricitabine to 14% with the drug) among women
with viral load greater than 2,000 copies/mL and
genotypes available (P=.001).29 Other similar “tail”
strategies are currently under study.

They found plasma virus with K103N in 87% of
women at 6 weeks, 39% at 6 months, and 11% at
12 months, but detected K103N in cell-associated
virus among 52% of women at 6 weeks but only 4%
at 12 months post-exposure. These K103N variants comprised small proportions of the overall
circulating plasma HIV-1 population, particularly
with increasing time postpartum: the median relative frequency of viral mutants in plasma was 11%
at 6 weeks, 6% at 3 months, 1% at 7 months, and
0.7% at 12 months.8
The most important question is whether
these low proportions of circulating or archived
NNRTI-resistant virus that persist for months or
even years following sdNVP exposure affect virologic and immunologic responses to subsequent
NNRTI-based ART, as well as responses to sdNVP
for PMTCT in the future.

Drug Resistance and
Subsequent Response
to NVP-Containing ART
Over the past several years, evidence has emerged
that prior sdNVP exposure may compromise subsequent response to NNRTI-based ART among
women but that this deleterious effect may be concentrated among women who start ART relatively
early following sdNVP ingestion. The first study
to report on this was a substudy of PHPT-2, conducted in Thailand.13 In this study, women started
ZDV at 28 weeks gestation and were randomized to receive either sdNVP or placebo during
labor. Enrollment to the maternal placebo group
was halted after the first interim analysis showed
higher MTCT rates in the placebo arm. NVPcontaining ART subsequently became available to
women in the study with CD4 <250 cells/mm3, and
269 women were followed for virologic and immunologic responses to ART—48 with prior placebo
and 221 with prior sdNVP receipt. The median
time between delivery and ART initiation was
768

14.9 months in the placebo group and 6.1 months
in the sdNVP group (P<.001), although pre-ART
baseline CD4 and HIV-1 RNA were comparable
in these groups (which introduces the possibility that the placebo recipients who started ART
in this study experienced slower disease progression). Six months after ART initiation, 68% of the
placebo group and 49% of the sdNVP group had
HIV-1 RNA <50 copies/mL (P=.03), although the
proportions with HIV-1 RNA <400 copies/mL
did not differ significantly between groups (85%
and 76%, respectively).25 When the analysis was
restricted to women who delivered before the
placebo arm stopped enrolling (i.e., contemporaneously enrolled women), there was no longer a
significant difference in proportions suppressing
HIV-1 RNA to less than 50 copies/mL (although a
trend existed). The investigators did not find statistically significant differences in virologic response
among women starting ART within versus longer than 6 months postpartum. Results from this
study did not change after 18 months of follow-up
of women on ART.36
The next major study to report data in
response to NNRTI-containing ART following
sdNVP exposure was the “Mashi Plus” study from
Botswana.37 This study had a similar design. In
the “parent” Mashi study, women started ZDV at
34 weeks gestation and received either sdNVP or
placebo during labor. Again, ART became available partway through the study to HIV-infected
infants and women with CD4 less than 200 cells/
mm3 or an AIDS-defining illness. Two hundred
eighteen women who started ART (with NVP,
generally in combination with ZDV and 3TC)
postpartum were included in the first analysis.
Overall, 5.0% of 106 women who had previously
taken placebo versus 18.4% of 112 with prior
sdNVP exposure experienced virologic failure
by 6 months on treatment (P=.002). However,
the treatment response among sdNVP-exposed
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nevertheless added important information on this
topic. Collectively, they suggest that women who
start NNRTI-based ART more remotely following
sdNVP exposure can experience immunologic and
virologic outcomes that are comparable to those in
non-sdNVP-exposed women.
The Nevirapine Resistance Study (“NEVEREST”)
from South Africa includes HIV-1 RNA response
to ART (with NVP, 3TC, and stavudine) among
65 women who took sdNVP 18–36 months
(median 25 months) previously, and 40 HIVpositive women who gave birth in the same time
frame (median 19 months earlier) but who had
never received sdNVP.38 Both baseline median
CD4 count and HIV-1 RNA trended toward
being higher in the non-sdNVP-exposed women.
At 24 weeks on treatment, 100% of 48 sdNVPexposed women and 74% of 23 unexposed women
had HIV-1 RNA less than 50 copies/mL (P=.007),
and the CD4 count did not differ.38 The fact that
the sdNVP-exposed women actually had higher
rates of virologic suppression than the nonexposed
women raises the possibility that they were healthier in some unmeasured way. Nevertheless, this
study added data to support the efficacy of NVPcontaining ART among women who received
sdNVP at least 18 months previously.
One other study, conducted in Zimbabwe, also
evaluated virologic response to NVP-containing
ART among 20 women with prior exposure to
sdNVP and 33 women with prior exposure to
short-course ZDV; similar proportions (45%
and 50%, respectively) had HIV-1 RNA less than
50 copies/mL at 48 weeks after ART initiation.39
Interestingly, a study among 247 HIV-positive
postpartum women in Côte d’Ivoire who started
NNRTI-based ART following exposure to varying degrees of antiretroviral use for PMTCT
found in multivariate analysis that postpartum
3TC resistance mutations and baseline CD4 less
than 200 cells/mm3 were associated with virologic
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and sdNVP-unexposed women was equally good
among the subset of 158 women who started ART
at least 6 months postpartum (7.8% of placebo and
12.0% of sdNVP recipients experienced virologic
failure after 6 months on ART, P=.39). Among
the 60 women who started ART within 6 months
of delivery, 41.7% of the sdNVP recipients versus
none of the placebo recipients experienced virologic failure on treatment (P<.001). These findings
did not change qualitatively with increasing time
on ART. However, only 96 women had follow-up
data through 24 months on ART, and these—and
additional—Mashi Plus study participants are still
being followed to determine the longevity of virologic suppression on NVP-containing ART in the
sdNVP and placebo groups. Maternal CD4 cell
response and suppression of HIV-1 RNA to
<50 copies/mL did not differ by sdNVP exposure
status. Only 30 HIV-infected infants—15 with
prior exposure to both maternal and infant sdNVP
and 15 sdNVP-unexposed infants—were included
in a similar analysis in the Mashi Plus study. 37
The virologic failure rates by 6 months on NVP,
ZDV, and 3TC were much higher (76.9%) in the
sdNVP-exposed infants compared with the nonNVP-exposed infants (9.1%) by 6 months on ART
(P<.001).37 These are the first data on this topic in
infants, albeit in a small group.
HIV-positive women with recent pregnancy tend
to be healthier than the general population of HIVpositive women presenting for care in most settings.
As a consequence, it is challenging to find women
with and without prior sdNVP exposure who are
comparable in key characteristics such as CD4 and
HIV-1 RNA, and thus difficult to control for these
(and other potential unmeasured) confounding
health characteristics. Therefore, these two doubleblind placebo-controlled PMTCT trials (PHPT-2
and Mashi Plus), in which NVP-based ART became
available after study initiation, provide the most rigorous data to date on this topic. Other studies have

failure on subsequent ART, but that exposure to
sdNVP was not significantly associated with virologic failure.40
Several other studies have evaluated immunologic (but not virologic) outcomes on NVP-based
ART among women with prior sdNVP exposure. A
Zambian treatment program found that clinical failure and mortality on NVP-containing ART did not
differ among 751 women with and 5,989 women
without prior sdNVP exposure, respectively, and
CD4 count increase did not differ by sdNVP exposure status in the subsets of women with complete
CD4 data.41 However, as might be expected, baseline
CD4 count was lower (143 cells/mm3) and World
Health Organization (WHO) stage higher in the
non-sdNVP-exposed women than in the exposed
women (170 cells/mm3, P<.001). The investigators
did describe a trend toward lower CD4 increase
on ART among women starting treatment within
six months (150 cells/mm3) versus those starting
treatment six or more months following sdNVP
exposure (219 cells/mm3, P=.06).41 A smaller study
from Côte d’Ivoire among 64 women with (median
19 months previously) and 63 women without
prior sdNVP exposure and with CD4 outcomes
available did not observe differences in CD4 count
increase on ART (the sdNVP-exposed women had
received either short-course ZDV or ZDV/3TC in
addition to sdNVP, and virologic outcomes were
not available).42

Conclusion
In summary, sdNVP (alone or in combination with
one or two other drugs) selects for NVP-resistant
virus in a large proportion of women and HIVinfected infants. Available data suggest that sdNVP
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taken with short-course ZDV for PMTCT (and
perhaps sdNVP alone) does not compromise virologic, immunologic, and clinical responses to subsequent NVP-containing ART among women who
start ART at least six months after sdNVP ingestion, although one important study12 did report
lower rates of virologic suppression to less than
50 copies/mL among sdNVP-exposed women,
with no association with time from exposure.
Several important questions remain. Approaches
to decreasing the rate of NVP resistance following
sdNVP (e.g, by giving additional intrapartum and
postpartum antiretroviral drugs) are needed and
are under study, as are other effective, safe, and
simple PMTCT interventions that might obviate
the use of sdNVP. The longevity of viral suppression on ART among women with prior sdNVP
exposure needs further elucidation. Additional
studies that incorporate HIV-1 RNA monitoring
are important, given the relatively low sensitivity
of CD4 or clinical responses for virologic failure.
More data regarding ART response among women
who take sdNVP alone or with antiretroviral drugs
other than ZDV are needed, as are studies that evaluate the optimal ART regimen for sdNVP-exposed
women. Finally, data regarding infant ART outcomes among infants who become HIV-infected
despite sdNVP use are urgently needed.
In the meantime, while sdNVP still plays an
important role in PMTCT in settings where it is the
only currently feasible option, every effort should
be made to provide ART to pregnant women with
advanced HIV disease; this will improve maternal
health, decrease MTCT, and avoid sdNVP use in
the women who are at greatest risk for developing
drug resistance.
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espite the development of highly
efficacious interventions for the prevention
of mother-to-child transmission (PMTCT)
of HIV in developed countries, the full benefits of
such interventions have yet to be realized in the most
affected regions of the world, where the number of
infants perinatally infected with HIV continues to rise.
This increase is due in part to the still rising number of
HIV infections among women of childbearing age.1
According to the World Health Organization
(WHO) and the Joint United Nations Program on
HIV/AIDS (UNAIDS), in 2007, only one-third of
HIV-positive pregnant women worldwide received
any intervention to prevent transmission of HIV to
their infants.1 While the number of women having
access to PMTCT services continues to grow, the
use of the simplest PMTCT intervention—singledose nevirapine (sdNVP) at delivery—is still limited
not only by its feasibility, affordability, or required
logistics, but also by a lack of political leadership
and commitment at various levels. These barriers
must be overcome if pregnant women are to have

greater access to essential information, antenatal
care, counseling, and testing. Women living with
HIV also require additional forms of support in
order to overcome fear of their disease and the discrimination and stigma attached to it.
This chapter provides a scientific overview of the
successive breakthroughs in PMTCT research that
have led to the current recommendations in high-,
middle-, and low-income countries.2 The evolution
of PMTCT interventions are described, with a focus
on the increasing use of complex regimens. First,
we discuss the efficacy of various PMTCT interventions, as well as safety considerations for the mother
and child regarding use of antiretroviral drugs
(ARVs) during pregnancy. This will be followed
by a brief summary of the dilemma posed by the
selection of HIV-resistance mutations following the
prophylactic use of ARVs. Finally, we discuss the
obstacles to be overcome when using such regimens
in resource-limited settings. The formidable challenges represented by HIV transmission through
breastfeeding are covered elsewhere in this text.

Prevention of Mother-to-Child Transmission of HIV

775

prevention of mother-to-child
transmission of hiv

b

Timing of Mother-to-Child
Transmission of HIV: Risk
Factors and Initial
Prevention Studies
Early cohort studies performed in the 1980s
showed that mother-to-child transmission
(MTCT) of HIV could occur during pregnancy,
labor, and delivery, as well as during breastfeeding.3,4 In Africa, where most women breastfeed
their infants, transmission rates varied from 25%
to 43%.5,6 In contrast, in high-income countries,
where formula was provided to most babies, rates
were much lower, ranging from 13% to 25%.7-12
The exact timing of transmission was estimated
retrospectively by studying the kinetics of viral
markers after the birth of the infants and was confirmed by observing the preventive effects of variously timed interventions. Infants found to be HIV
infected at birth were conventionally assumed to
have been infected during pregnancy (in utero),
whereas infants found to be HIV negative at birth
who later turned out to be positive were presumed
to have been infected during labor and delivery
(intrapartum) or through breastfeeding (postpartum).13 Generally speaking, in the absence of
preventive interventions, the risk of MTCT was
estimated to be approximately 10% in utero, 15%
intrapartum, and up to 15% postpartum, depending on the duration of breastfeeding.4
In most studies during this period, high maternal viral load, together with advanced stage of
the disease, impaired immunity, and intensity of
exposure of the infant to HIV during delivery, was
found to be associated with increased HIV transmission.14-18 These observations on the timing and
factors associated with transmission led to the
eventual development of preventive interventions,
which, in fewer than 10 years, virtually eliminated
pediatric AIDS in high-income countries.
As soon as zidovudine (AZT)—the first ARV
drug discovered—became available, its use during
776

pregnancy to prevent HIV transmission from
mother to child was envisioned. Its efficacy and
safety were established in 1994 in the landmark
Pediatric AIDS Clinical Trials Group (PACTG)
076 clinical trial.19 In this study, conducted in
the United States and in France, women started
taking oral AZT between 14 and 34 weeks gestation (median 28 weeks) and continued through
to the end of the pregnancy. An AZT intravenous
infusion was administered during labor, and oral
AZT was given to the newborn for 6 weeks. All
infants were formula fed, eliminating the risk
of infection through breast milk. The trial was
stopped at the first interim analysis, as the transmission rate in the placebo group was considerably higher than in the AZT group; all women
and infants in the trial were then offered AZT.
Final results demonstrated a 67.5% reduction of
the transmission rate, from 22.6% in the placebo
group to 7.6% in the AZT group.20 All subsequent
studies confirmed the remarkable efficacy of
ante-, intra-, and postpartum AZT prophylaxis
for PMTCT.
Similarly, as a means to reduce fetal exposure
to HIV during labor and delivery, the use of programmed cesarean section (C-section) to prevent
intrapartum transmission was formally tested.
In the European Mode of Delivery clinical trial,
the rate of transmission in women randomized
to deliver vaginally was 10.5%, whereas it was
1.8% in women who were randomized to deliver
through elective C-sections.21 Interestingly, those
women who were randomized to either group but
who had an emergent C-section (i.e., performed
after onset of labor) had a higher transmission
rate of 8.8%.
In summary, these early landmark proof-ofconcept studies demonstrated that MTCT of HIV
could be prevented and that a combination of several methods would most likely reduce the risk of
transmission even further.
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In order to understand the evolution of perinatal
HIV prevention in high-income countries, it may
be helpful to recall that all along, since the initial
discovery that HIV could be transmitted from an
HIV-positive mother to her infant, there has been
a constant interplay between actual medical care
practices and research results. For example, as soon
as it was reported that HIV could be transmitted
through breast milk, clinicians in high-income
countries started to advise HIV-positive women
to give formula to their infants, even before formal recommendations were issued by the Centers
for Disease Control and Prevention (CDC).22 It
was only much later that the magnitude of postnatal transmission was established, partly through
observational studies and clinical trials performed
in Africa.23
Following the release of the PACTG 076 results
in 1994, counseling and testing of pregnant
women, plus AZT prophylaxis begun during the
second trimester, rapidly became the standard of
care in high-income countries. Two years later,
when the dramatic efficacy of combination antiretroviral therapy (ART; sometimes referred to as
highly-active antiretroviral therapy or HAART) in
controlling progression of HIV disease was established, an increasing proportion of HIV-positive
pregnant women received more complex ARV
regimens, at first for their own health, but later for
the purpose of achieving lower MTCT rates. With
these treatments, the MTCT rates seen in protocol
076 began to fall further.24
PACTG 316, which started in 1997 and ended
three years later, clearly exemplifies the interplay among clinical care, research, and policy in
high-income countries.25 This study was designed
as a randomized, placebo-controlled trial to test

whether, in addition to various prophylaxis provided during pregnancy, a single dose of nevira
pine (a potent ARV with a long half-life that is rapidly absorbed orally and then crosses the placenta)
administered to women at delivery and to their
infants within the first days of life could further
reduce peripartum transmission. However, the
trial was performed at a time when the HIV standard of care was rapidly evolving, with an increasing number of pregnant women receiving more
complex ARV regimens as prescribed by their clinicians. In the final analysis of the trial, in addition to nevirapine or placebo, only 23% received
AZT monotherapy, 28% received AZT plus lamivudine (3TC), and 49% received other combinations, most of them containing protease inhibitors.
Moreover, one-third of the women delivered by
elective C-section before onset of labor. Clinicians
involved in the study had actually tailored maternal treatment during pregnancy to the women’s
clinical and immunological status and to each
clinician’s view of the “best” regimen available at
the time. Largely as a consequence of this, PACTG
316 did not establish the efficacy of single-dose
nevirapine in addition to the other prophylaxis, to
prevent transmission, with observed transmission
rates considerably lower than expected (1.4% in
the nevirapine arm and 1.6% in the placebo arm).25
In all cases, the bedrock of intrapartum transmission had apparently been reached, and there was
no further benefit to be expected from perinatal
nevirapine.
Subsequent observational studies confirmed that
use of potent ARV combinations during pregnancy,
with or without elective C-section delivery, was
associated with perinatal HIV transmission rates of
2% or less.24,26,27 Therefore, an increasing proportion
of pregnant women, regardless of their immune
status, started receiving potent ARV combinations
during pregnancy, not for their own health but
to minimize the risk of HIV transmission to their
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child. Virologically suppressive therapy during
pregnancy, combined with elective C-section when
viral replication is not fully controlled by the end
of pregnancy, is now the base recommendation for
PMTCT and care of HIV-positive pregnant women
in high-income countries.28,29

PMTCT in Resource-Limited
Settings: An Incremental,
Evidence-Based Approach
While in high-income countries, the studies led
to combined and complex PMTCT interventions,
trials in developing countries were conducted to
simplify and shorten PMTCT interventions in
order to improve feasibility, safety, and adherence,
while also reducing treatment cost and side effects.
In Africa, a series of clinical trials of short-course
ARV regimens were conducted in mostly breastfeeding populations, while in Asia, clinical trials
evaluated simplified ARV regimens in the absence
of breastfeeding. The results of these trials served
as the basis for the WHO recommendations for
PMTCT in resource-limited settings.2

African Studies in Mostly
Breastfeeding Populations
The nevirapine HIV Network for Prevention Trial
(HIVNET) 012 in Uganda was a major proof-ofconcept trial in resource-limited settings.30 In this
study, the simplest intervention was evaluated: a
single dose of NVP to the mother during labor and
to the infant within the first days of life to prevent
transmission from occurring at the time of delivery. Between 1997 and 1999, HIV-positive pregnant women were randomized to receive either
(1) sdNVP at onset of labor with sdNVP given
to their infants within 72 hours of birth, or (2)
repeated doses of AZT during labor, with repeated
doses of AZT given to their infants during the first
week of life. Virtually all infants were breastfed for
a median duration of nine months. MTCT rates
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among women who had received AZT or sdNVP
were, respectively, 10.3% or 8.1% at birth; 22.1%
or 13.5% at 14-16 weeks; and 25.8% or 15.7% by
18 months. Single-dose nevirapine was associated
with an overall 40% reduction of transmission up
to 18 months.30
In Côte d’Ivoire, a CDC trial compared a short
course of AZT from 36 weeks of pregnancy through
labor to a placebo in a setting where more than
95% of the women breastfed their infants.31 A 38%
reduction in transmission was observed in the AZT
arm, with transmission rates at 16.5% in the AZT
group versus 26.1% in the placebo group at three
months after birth. A similarly short AZT regimen
was tested in Burkina Faso and Côte d’Ivoire in the
DITRAME-ANRS 049 trial.32 In this study, women
received AZT from 36 to 38 weeks gestation until
7 days after delivery. As in the CDC study, a 37%
transmission reduction was observed, with transmission rates of 16.8% in the AZT group versus
25.1% in the placebo group at three months of
age. Another multicountry study—the UNAIDScoordinated PETRA trial—evaluated shorter but
more potent ARV interventions. This trial used
various durations of a combination of AZT plus
3TC in South Africa, Tanzania, and Uganda.33 The
rates of transmission at six weeks of age were 8.6%
in women who started treatment at 36 weeks gestation and continued for one week postpartum,
10.8% in women who started treatment at onset of
labor and continued for one week postpartum, and
17.7% in women who were treated during labor
only (which was very similar to the 17.2% rate in
the placebo arm).
The SAINT study followed, comparing the
effectiveness of a regimen of AZT plus 3TC (similar to the longest PETRA arm) to sdNVP for the
mother and child. The transmission rates in the
two groups did not differ significantly at eight
weeks of age: 9.3% in the AZT plus 3TC group versus 12.3% in the sdNVP group (P=.11).34
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Asian Trials in
Nonbreastfeeding Populations
In parallel with the short-course AZT trial in Côte
d’Ivoire in breastfeeding women, the CDC was
performing another trial in Bangkok, Thailand,
comparing the same prophylactic regimen starting at 36 weeks of pregnancy versus a placebo in
nonbreastfeeding mothers.38 The rates of MTCT
were 9.4% in the AZT group versus 18.9% in the
placebo group, indicating a 50.1% reduction in
transmission.
Another study in Thailand, Perinatal HIV
Prevention Trial (PHPT)-1, compared the efficacy of various durations of prophylactic AZT for
PMTCT.39 The transmission rates were 10.5% in

the shortest regimen (from 35 weeks of pregnancy
and for 3 days in the neonates), 6.5% in the longlong regimen (from 28 weeks of pregnancy and for
6 weeks in the neonates), 4.7% in the long-short
regimen, and 8.6% in the short-long regimen. This
study demonstrated that AZT prophylaxis had to
be initiated at the beginning of the third trimester
of pregnancy in order to provide optimal PMTCT
and that a longer treatment in the infant was only
partially compensating for late initiation of maternal ARV prophylaxis.
A subsequent study in Thailand (PHPT-2)
tested the efficacy of sdNVP given to women at
onset of labor and to the infant two days after birth
added to a standard AZT prophylaxis regimen
starting at 28 weeks of pregnancy.40 In this study,
three regimens were compared: standard AZT prophylactic regimen only, standard AZT plus sdNVP
at onset of labor in the mothers, and standard AZT
plus sdNVP at onset of labor in the mothers and
sdNVP to the infants 48 hours after birth. The
rate of transmission was significantly lower in the
group in which both mother and infant received
sdNVP (2.0%) and in the group in which only the
mothers received sdNVP (2.8%), as compared with
the group in which women had received the standard AZT treatment only (6.3%).
The lessons learned from all these studies are
that in order to secure maximum efficacy in preventing in utero transmission, (1) ARV prophylaxis must be initiated at the beginning of the third
trimester of pregnancy, (2) peripartum sdNVP is
extremely efficacious at preventing intrapartum
transmission, and (3) peripartum sdNVP associated with AZT monotherapy during pregnancy can
lead to transmission rates as low as those obtained
with the more aggressive ARV combinations used
in high-income countries. Finally, these trials also
showed that postnatal transmission associated
with breastfeeding reduces, but does not abolish,
the efficacy of these interventions over time and
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The DITRAME Plus study—a more recent
study in Côte d’Ivoire, where half of the women
were breastfeeding—reported that a regimen of
AZT plus 3TC starting at 32 weeks of gestation,
with sdNVP at onset of labor, could decrease the
transmission to 4.7% at six weeks postpartum. This
rate was significantly lower than with AZT alone
starting at 36 weeks of gestation.35
Finally, the Mashi trial in Botswana tested the
efficacy of sdNVP at onset of labor in addition to
AZT initiated at 34 weeks of gestation, according
to the mode of feeding.36,37 In the initial stage of the
study, in formula-feeding mothers, the transmission rate by one month of age was 2.4% in the peripartum NVP (mother and infant) arm and 8.3% in
the placebo arm. In the second phase of the study,
the design was revised to compare peripartum NVP
(mother and infant, or NVP-NVP) with neonatal
NVP provided immediately after birth (neonates
only, or placebo-NVP). The observed transmission
rate in the placebo-NVP arm (3.7%) was found to
not be inferior to the rate in the NVP-NVP arm
(4.3%), thus raising the critical question of whether
maternal NVP is necessary if the infant NVP dose
is administered immediately after birth.

that their benefit remains significant even after
exposure to breastfeeding has ceased.
However, all of these simplified regimens lower,
but do not completely suppress, viral replication.
Therefore, depending on the ARV drugs used,
the regimens may lead to the selection of HIVresistance mutations, which, in turn, may affect the
efficacy of ARVs when used for further PMTCT or
for HIV care.

Selection of HIV-Resistance
Mutations after Antiretroviral
Prophylaxis for PMTCT
The risk of emergence of resistance mutations varies according to the type of prophylactic regimens
used. The acquisition of resistance mutations to
AZT following exposure to AZT monotherapy
during pregnancy is relatively rare.41-45 Selection of
3TC-resistance mutations is more frequent and has
been reported in up to 33% of women exposed to
3TC during pregnancy.46-48 However, the ARV drug
that is of most concern with regards to resistance
mutations is NVP; when the most frequent mutation (K103N) is present, it may compromise the
efficacy of both NVP and efavirenz, the two most
useful currently available non-nucleoside reverse
transcriptase inhibitors (NNRTIs).
The selection of NVP-resistant virus following a
single intrapartum dose of NVP has been reported
in up to two-thirds of women with detectable viral
loads at the time of delivery. Although these mutations tend to fade over time, they reappear and can
have clinical consequences when ARV pressure is
reapplied. In the PHPT-2 study in Thailand, women
exposed to intrapartum NVP and who subsequently
needed therapy for their own health were less likely
to have virologic suppression after six months of
postpartum treatment with an NVP-containing regimen.45 Similar results were observed in Botswana,
following the Mashi trial, in women who started
NVP-containing ART regimens less than six months
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after peripartum NVP exposure. However, this effect
was not seen in those starting combination ART
more than six months after peripartum exposure.49
Furthermore, the efficacy of sdNVP for PMTCT
may be decreased in women who have been exposed
to sdNVP during a previous pregnancy, as suggested
by preliminary results from a study in South Africa
in which the rates of transmission in the second
pregnancies were higher than in the first.50
To prevent the emergence of such resistance
mutations, a four- or seven-day course of AZT
plus 3TC has been proposed to cover the postpartum NVP tail. Reported results of this strategy
have shown a significant reduction in the rate of
NVP-resistance mutations.51 A similar effect was
observed in the DITRAME 1.1 Plus study, which
used a dual combination of AZT plus 3TC started
at 32 weeks gestation52 that continued for three days
postpartum.
Studies have also documented a high rate of
NVP-resistance mutations in HIV-infected infants
exposed to sdNVP in the first days of life.53,54
Although NVP saves the lives of many children by
protecting them from infection, NNRTI-resistance
mutations in those infants who are infected despite
prophylaxis may have a major impact on the efficacy of subsequent therapies. In the Mashi trial in
Botswana, HIV-infected infants exposed to sdNVP
had considerably higher virological and immunological failure rates after six months of NNRTIbased treatments, as compared with unexposed
infants (77% vs. 9%).55

Use of Antiretrovirals
during Pregnancy
The ultimate goals of PMTCT are to minimize
the risk of HIV transmission to the child, and to
preserve the mother’s health in relation to HIV,
without exposing mother or child to short- or
long-term risks related to ARVs. In all clinical trials
and subsequent cohort studies, the safety of ARVs
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Mitochondrial Dysfunction Associated
with Exposure to Nucleoside Reverse
Transcriptase Inhibitors
It has been shown that perinatal exposure to AZT
was associated with transient anemia and neutropenia due to its well-known bone marrow toxicity.56-59 The association between AZT or AZT plus
3TC and severe mitochondrial dysfunction is still
debated. A study in France reported that within a
cohort of 1,754 uninfected infants born to HIV-1infected women, eight infants with in utero or neonatal exposure to either AZT plus 3TC or AZT alone
developed mitochondrial dysfunction after the first
few months of life, including two infants exposed to
AZT plus 3TC who died with severe neurological
disease.60,61 An increased risk of febrile seizures during the first 18 months of life in uninfected infants
with ARV exposure was also reported.62 In addition, the follow-up of 1,020 HIV-negative children
born between 1991 and 2002 within the PACTG
219/219C study found possible cases that had signs
consistent with mitochondrial dysfunction,63 particularly when exposure to 3TC or to AZT plus 3TC
began in the third trimester (OR 6.3 and OR 5.9,
respectively, vs. unexposed). However, the review of
all deaths among more than 16,000 HIV-negative
children with and without ARV exposure who were
followed in five large prospective U.S. perinatal
cohorts reported neither deaths nor clinical findings
attributable to mitochondrial dysfunction.64
In terms of pregnancy outcomes, the risks associated with in utero AZT exposure have been thoroughly studied. In all placebo-controlled studies in
which AZT was used, congenital anomalies, prematurity, and anthropometric and developmental
parameters in the placebo and in the AZT groups
were similar.65,66 In the PHPT-1 study, a slightly
lower birth weight was observed in HIV-negative

children with longer exposure to AZT, but the difference did not persist after six weeks.67 No tumors
of any nature were observed among 727 children
perinatally exposed to AZT after a mean follow-up
of 38 months in the PACTG 219 study.65

Non-nucleoside Reverse Transcriptase
Inhibitors during Pregnancy
Efavirenz is known to induce congenital central
nervous system abnormalities and therefore must
be avoided during the first trimester of pregnancy.68,69 Although sdNVP appears to be very safe
in both mothers and infants, an increased risk of
severe hepatic and cutaneous toxicities, some of
them fatal, have been described in women initiating
NVP-based ART regimens during pregnancy, especially when their CD4 count was above 250 cells/
mm3.28,70-73 Therefore, initiation of NVP-containing
ART regimens during pregnancy must be avoided
in women who are not immunocompromised.

Protease Inhibitors during Pregnancy
Known toxicities associated with the use of protease inhibitors (PIs) during pregnancy are hyper
glycemia, diabetes, and ketoacidosis.74-76 In addition,
there are known life-threatening drug interactions
between either PIs or NNRTIs—which can both
interfere with cytochrome P450 metabolism—and
some drugs (e.g., methylergonovine) that are commonly used for managing postpartum hemorrhage
or uterine atony.77-79

Combination Antiretroviral Therapy
during Pregnancy
When ART is provided during pregnancy, the toxicities described above related to each ARV component
should be considered. Data regarding women receiving combination ART during pregnancy are conflicting in terms of adverse pregnancy outcomes, such as
preterm delivery, low birth weight, low Apgar scores,
or stillbirth. Initially, a Swiss retrospective study of
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during pregnancy used for PMTCT has been, and
continues to be, carefully monitored.

limited sample size suggested an association between
exposure to ARV combination therapy and preterm delivery. In the larger European Collaborative
Study,80 however, after adjusting for CD4 count and
intravenous drug use, there was a 2.6-fold increase in
the odds of preterm delivery for infants exposed to
combination ARV with or without PIs, as compared
with ARV-unexposed infants. Moreover, women
already on ARV before pregnancy were twice as
likely to deliver prematurely compared with women
who started ARV during the third trimester of pregnancy. However, this association was not found in
PACTG 36781 or in a meta-analysis of seven clinical
trials.82 Furthermore, a trend toward a decreasing
incidence of low birth weight and preterm birth from
1989 to 2004, which was an era of increased maternal
ARV therapies, was found in 11,321 infants tested in
the longitudinal Pediatric Spectrum of HIV Disease
study.83 However, in a recent report from Côte
d’Ivoire, among children born to mothers eligible
to receive combination ART during pregnancy, the
rate of low birth weight was nearly two times higher
in children exposed to NVP-based HAART (22.3%)
than in children exposed to AZT (or AZT plus 3TC)
plus sdNVP (12.4%) (P=.02).84

Discontinuation of Antiretroviral Therapy
after Delivery in Women Who Are Not
Severely Immunocompromised
When a virologically suppressive therapy, such as
ART, is given to non-severely immunocompromised
pregnant women to reduce perinatal transmission,
the therapy is discontinued after delivery since the
mother does not yet require therapy for her own
health. Therapy is then reinitiated as needed at
a later date according to standard criteria for nonpregnant women. The consequences of such treatment discontinuation are still unknown. The results
of two large trials of structured treatment interruptions—the Strategies for Management of AntiRetroviral Therapy (SMART)85 and Trivacan / ANRS
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126986—demonstrated an increased risk of adverse
events and deaths in patients who were randomized
to interrupt their treatment, raising concerns regarding the safety of such strategies.87 The relevance of
these observations to the situation in which postpartum women, who do not have indications for therapy,
would discontinue a virologically suppressive regimen received for approximately three months during
pregnancy is not clear. These safety concerns mandate
careful long-term clinical and biological evaluation of
women after discontinuation of potent ARV combinations for PMTCT.87 Moreover, upon discontinuation of ARVs at the end of pregnancy, drugs that have
significantly different plasma half-lives may result in
functional monotherapy for a period of time, with
the risk of selection of resistance mutations.88,89

Pharmacological Modifications
Induced by Pregnancy and the
Selection of HIV Mutations Associated
with Antiretroviral Resistance
Selection of HIV-resistance mutations to AZT, 3TC,
or NVP following the use of nonsuppressive prophylaxis regimen for PMTCT has been discussed
earlier in this chapter. When adherence and drug
exposure are adequate, there is no evidence that the
use of potent ARV combinations during pregnancy
is associated with an increased risk of selection of
resistance mutations. However, although the pharmacokinetics of nucleoside reverse transcriptase
inhibitors (NRTIs)—with the exception of tenofovir (TDF)—and NNRTIs have not been found to be
significantly altered during pregnancy, lower drug
exposures for unboosted PIs (nelfinavir, indinavir,
and saquinavir)90 and boosted lopinavir (LPV/r)91
during the third trimester of pregnancy have been
reported. Studies are ongoing to systematically
evaluate the pharmacokinetics of ARVs within various combinations during pregnancy, as decreased
drug exposure may affect efficacy and the risk of
selection of resistance mutations.
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The relatively high prevalence of coinfections
with hepatitis B virus (HBV), tuberculosis (TB),
and other infectious diseases among HIV-positive
pregnant women in resource-limited settings may
complicate ARV management. In patients with
TB, a disease still difficult to diagnose in many
resource-limited settings, certain ARV combinations may trigger a potentially life-threatening
immune reconstitution inflammatory syndrome
(IRIS). Emtricitabine (FTC), 3TC, and TDF are
drugs that also suppress HBV replication; and
in HIV/HBV-coinfected adults, discontinuation
of 3TC after several months has been associated
with clinical hepatitis, which, in rare cases, can be
fatal.92-95 These adverse events are also a threat for
the fetus.
All these reports point to the necessity of balancing the risks and the benefits of ARVs in pregnant
women. Nevertheless, when balancing the severe risk
of death in the case of pediatric HIV infection with
the high efficacy of ARV prophylaxis, it is clear that
ARVs should be systematically offered to all HIVpositive pregnant women, while carefully assessing
the safety of the mother and child with continuous
vigilance and long-term follow-up. Pregnancies
in HIV-positive women exposed to ARVs should
be reported prospectively to the Antiretroviral
Pregnancy Registry so that any increase of congenital abnormalities can be detected.

Current Guidelines for
Antiretroviral Therapy in
Pregnancy
Although the benefits of combination ART during pregnancy are evident for immunocompromised pregnant women who require treatment for
their own health, the risks and benefits of ART for
PMTCT in non-immunocompromised women
have not been fully evaluated. Furthermore,
the costs, logistics, and capacity of health-care

facilities to provide ART for all HIV-positive pregnant women, regardless of their immune or clinical
status in high-prevalence, resource-limited settings,
pose a much greater public health challenge than in
low-prevalence, and resource-rich countries.

High-Income Countries
In high-income countries, where clinical and biological follow-up of women and infants are available
and feasible, recommendations for PMTCT vary.
However, all recommendations essentially focus
on early diagnosis of HIV infection in pregnant
women, with virological and immunological evaluation and initiation of ART during pregnancy in all
HIV-positive women, regardless of their immune
status.28,29 When viral load is not totally suppressed
at the end of pregnancy, programmed C-section
(C-section before onset of labor) is recommended.
The various uncertainties regarding the risks
and benefits of potent ARV combinations for
women who do not need treatment for their own
health are reflected in the 2008 U.S. guidelines for
the use of antiretroviral drugs in pregnant HIVinfected women28: “The decision to use any antiretroviral drug during pregnancy should be made
by the woman after discussing with her health-care
provider the known and unknown benefits and
risks to her and her fetus.”

Low- and Middle-Income Countries
In the most recent (2006) WHO guidelines for
PMTCT in resource-limited settings, ART is recommended for pregnant women following the same
criteria used for nonpregnant adults in all settings:
WHO clinical stage IV irrespective of CD4 count;
WHO clinical stage III, with CD4 <350 cells/mm3
or all stage III if CD4 is not available; or WHO clinical stage I or II disease with CD4 <200 cells/mm3.96
While acknowledging the uncertainties associated with the special circumstances of pregnancy,
the guidelines stress that optimal ART should be
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provided to both improve the mother’s health and
prevent HIV transmission to her child.
For women who are not immunocompromised,
WHO guidelines recommend AZT monotherapy
starting at 28 weeks of pregnancy or as soon as possible thereafter plus sdNVP in both the mother and
the child. A one-week maternal postpartum AZT
plus 3TC treatment can be considered to reduce
the selection of NVP-resistance mutations. This
regimen for women who are not immunocompromised will yield very low transmission rates, as low
as those obtained using more complex ARV combinations and for which the potential risks are still
debated.40 For women with CD4 counts in the 200350 cells/mm3 range, who require therapy shortly
after delivery, some experts suggest ART during
pregnancy and continued postpartum to avoid the
risk of compromising future NNRTI-based ART
when exposed to sdNVP.28

Challenges Translating
PMTCT Clinical Research into
Practice
Although there has been extraordinary progress in
expanding access to ARVs in developing countries,
the scale-up of perinatal HIV prevention has comparatively stalled. This raises the question of why
it appears to be easier to provide ART to patients
with advanced HIV disease than to provide shortterm prophylaxis to pregnant women who are
mostly asymptomatic. The answer is twofold. First,
a successful, countrywide program that reaches all
women is not as simple as it may at first appear
and represents a profound change in the antenatal
care routine. Second, the successful expansion of
PMTCT programs is reliant upon political will at
the highest level.

Political Will
If there is any lesson to be learned from Thailand,
the only developing country that has had a truly
784

successful PMTCT program, it is that political will
is the essential ingredient for success. In the early
1990s, the Thai government rapidly responded to
the HIV epidemic by implementing a multisector program under the chairmanship of the prime
minister and involving all ministries as well as civil
society. This program, heavily supported financially by the government, had identified four key
components: information for the public on prevention, protection of human rights and promotion of social support for HIV-positive patients,
research, and care. Through the large involvement
of nongovernmental organizations, religious organizations, and businesses, HIV-positive people
were able to actively participate in the program’s
implementation.
In the early 1990s, as soon as pediatric HIV was
recognized as a major public health and humanitarian crisis in the country, the Ministry of Public
Health organized countrywide trainings on HIV
counseling to nurses within the antenatal care settings. In addition, HIV-positive women screened
during pregnancy were advised not to breastfeed
and formula milk was provided for free to the poorest HIV-positive women. While ongoing clinical
research programs worked to determine the optimal use of AZT for PMTCT, a large pilot PMTCT
program was implemented in the six northernmost
provinces of Thailand. A sharp decrease in the number of pediatric AIDS cases in the northern hospitals rapidly followed.97 Two years later, when the
results of the clinical trials were published, national
PMTCT guidelines were published, and the largescale operation was scaled up nationally. Among
all pregnant women who had antenatal care (97%),
93% were tested for HIV. Of all the HIV-positive
women, 70% were treated with AZT during pregnancy, 89% of the infants received AZT, and 83% of
the children were formula fed.98
As illustrated in Thailand, successful PMTCT
requires strong support from both the highest levels
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Lack of Access to Health Facilities
In remote areas, women have limited or no access
to antenatal care, and deliveries may take place at
home, in the presence of a traditional birth attendant. Even in places where facilities exist, such as
in large cities, a significant proportion of women
still do not attend them because, in an offsetting
of limited individual resources, they are unable
or unwilling to pay for mother and child services.
Free or affordable antenatal care, and/or provision
of PMTCT at the community level, may improve
PMTCT coverage.99,100 It is important to recognize
that the complexity of PMTCT resides much more
in the proper coordination of each element of the
intervention than in the technical complexity of
any one of these elements. HIV information and
counseling and the provision of ARV prophylaxis
require neither institutionalized antenatal care nor
giving birth in a maternity clinic. Even HIV testing

can be performed outside a laboratory, as long as
personnel are properly trained and supervised. In
addition, the initiation of AZT prophylaxis at the
beginning of the third trimester of pregnancy can
be achieved with a remarkable degree of accuracy
by properly trained traditional birth attendants.
However, all of these elements, particularly when
combined, require profound changes in the antenatal care routine in most resource-limited settings.

HIV Testing Uptake during Pregnancy
Poor acceptance of HIV testing is an important
barrier to PMTCT. Acceptance rates as low as 20%
have been observed in some settings.101 In Africa,
where fertility is high, maternity is highly valued
by the family and society. A pregnant woman is
accountable to a network that goes far beyond the
nuclear family. The clan’s economic and political
alliances, as well as lineage continuity, are at stake.
Pregnant women may therefore be reluctant to be
tested during pregnancy, because an HIV-positive
test result would jeopardize a highly valued status
that is conditioned by the birth of a healthy child.
At a more personal level, and like everywhere else,
an HIV-positive test result would mean the possible infection and death of the child. It also projects
the women’s own disease and death and the prospect of leaving other children behind as orphans.
Finally, women may fear that their partner(s) may
also be HIV-infected and that they may be accused
of having passed the infection to them.
Routine HIV testing in the antenatal care setting with opt-out strategies has been proposed to
improve the acceptance of HIV testing.102 Pregnant
women may be more inclined to be tested if they
are convinced that it has a benefit for them and
their baby.103,104 Therefore, successful HIV testing
requires public education, respectful and confidential medical services, accurate testing, prompt
availability of results, skilled post-test counseling,
and effective subsequent prevention and care.105
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of government and the public health authorities. In
the absence of a clearly articulated policy, the public will continue to be uninformed, the health-care
system will be unprepared, and the opportunity
for HIV testing during pregnancy and provision
of ARVs will continue to be missed. When such
an impulse is given from such high levels, it can
have a domino effect that not only helps put the
programs in place but also reduces the stigma and
denial that otherwise hamper progress at all levels,
while also improving mother and child health services as a whole.
Obviously, all countries confronted with the HIV
epidemic do not benefit from Thailand’s level of
economic development and its sophisticated public
health system. On the other hand, however, there are
enormous external funding opportunities at present. Rather than considering PMTCT as an additional burden, it can be seen as representing a unique
opportunity for improving the overall mother-child
health system, even beyond the HIV field.

Antiretroviral Adherence
Lack of adherence may lead to PMTCT failure.
Women may not adhere to PMTCT if they are
not fully informed of the risk of transmission and
the consequences of HIV infection for their child.
Furthermore, because the majority of women who
are receiving PMTCT are still asymptomatic, they
may be in denial about their own HIV infection or
be concerned that their taking of ARVs may disclose their HIV status. Finally, when suboptimal
interventions, such as sdNVP only, are provided,
the health-care workers may not be sufficiently
convinced themselves of the efficacy of the intervention and may therefore not be successful in
convincing women to accept treatment. As for HIV
testing, pregnant women are much more likely to
adhere to PMTCT if they believe it can benefit their
child. Thus, to improve adherence to PMTCT, it is
essential that health-care workers receive appropriate training to counsel women about the benefits of
PMTCT and that all efforts are made to implement
the most effective PMTCT interventions.

Confidentiality Issues
Confidentiality is not a straightforward concept in
societies where life events, such as death, marriage,
pregnancy, and disease, traditionally mobilize family solidarity. Some women may be reluctant to
take ARVs during pregnancy because they fear that
the drug intake will identify them as HIV positive,
and they do not want to share their serostatus with
their spouse or family.
In a closed society and in a context where
AIDS is heavily stigmatized, knowledge of one’s
HIV status is a source of considerable power. The
importance of confidentiality within the healthcare setting is not always well understood. This
concern for breach of confidentiality explains why
some HIV-positive women do not come back to
the health facility after learning their HIV status or
do not disclose their HIV status to health workers
786

who could provide them with ARVs at the time of
delivery. Training about the importance of confidentiality for all personnel—not just the healthcare staff—at the antenatal, as well as at the maternity and infant care levels, is essential.

Integration of Care with PMTCT
The extension of PMTCT to include long-term
provision of ART to immunocompromised mothers and their HIV-positive children is referred to as
MTCT-Plus. Ideally, an HIV-positive result should
be immediately followed by an assessment of the
disease stage. When CD4 evaluation is available,
immunocompromised pregnant women could
immediately initiate HAART within the HIV care
system under the integrated supervision of both
medical and antenatal services. Women who do not
yet require ARVs for their own health can receive
AZT from 28 weeks of pregnancy and sdNVP at
delivery at the antenatal/maternity care level. In the
postpartum period, appropriate referral for followup within the HIV care system needs to be organized for timely initiation of ART when needed. In
the absence of CD4 evaluation, prevention strategies could be based on the clinical or total lymphocytes assessment.
However, the linkage between treatment programs and maternal and child care—of which
PMTCT is generally a part—is not easily achievable. It requires improved communication among
health-care workers at the antenatal care facilities,
the well-baby clinics, and the obstetrics, pediatrics,
and internal medicine departments. Such links
require changes in the established practices of many
parts of the health-care system. This difficulty is
well illustrated by the recent report of the multicountry PMTCT effort supported by the Elizabeth
Glaser Pediatric AIDS Foundation, which showed
that the percentage of women accessing ART for
their own health after they had participated in a
PMTCT program remained low.106
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It has been a little more than 10 years since a treatment to reduce mother-to-child transmission of
HIV was discovered. A huge research effort was
rapidly put in place to define treatment strategies that could be accessible to women living in
the countries most affected by HIV. However, the
implementation of these very successful research
results has failed to live up to their potential.
In contrast, following a strong message from
the United Nations general assembly in 2001,
an extraordinary scaling up of the use of potent
ARV combinations to treat HIV-positive patients

in the most affected countries was made possible through the Global Fund, the President’s
Emergency Plan for AIDS Relief (PEPFAR), or
private foundations such as the Bill & Melinda
Gates Foundation. In 2005, according to UNAIDS,
more than 50% of the patients who needed treatment were receiving ARVs in 21 heavily affected
countries.1 It is shameful that PMTCT, one of the
most successful and cost-effective interventions,
has lagged so far behind. Ironically, greater access
to ART for adults and children may represent the
tipping point that leads to a wider implementation of PMTCT.
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or more than a decade, antiretro
viral drugs (ARVs) have been shown to be
highly effective at reducing perinatal transmission of HIV and reducing AIDS-related morbidity
and mortality. More recently, financing initiatives
such as the Global Fund to Fight AIDS, Tuberculosis,
and Malaria (the Global Fund) and the President’s
Emergency Plan for AIDS Relief (PEPFAR) have
been established to expand access to HIV prevention, care, and treatment in countries most severely
affected by the HIV pandemic.1 But with these
increased resources comes increased responsibility.
National health systems must do their part to ensure
that all possible strategies are employed to maximize
access to HIV prevention, care, and treatment services, especially among women and children, who
are often the most vulnerable to HIV infection.
In the early 1990s, the International Conference
on Population and Development called for reducing maternal mortality by half by the year 2000.2
This goal was never reached, partly due to the
severity of the HIV epidemics in several countries.

Postpartum morbidity and mortality among HIVpositive women has been found to be higher than
in the general population, as has been reported in
Kampala, Uganda, and Harare, Zimbabwe,3 reflecting similar findings in the United States.4 In a variety of settings, 15% to 25% of pregnant women
diagnosed with HIV infection during pregnancy
are already severely immunocompromised (i.e.,
CD4 count below 250 cells/mm3)5-7 and are thus at
a high risk of death.8 Immunocompromised pregnant women should receive immediate cotrimoxazole and other available prophylaxes to prevent
opportunistic infections. In addition, wherever
possible, immediate initiation of a potent combination antiretroviral regimen can prevent mother-tochild transmission of HIV and allow for immune
restoration, thus preventing maternal mortality in
the postpartum period.9
Compared with the general population of HIVpositive individuals, women accessing prevention
of mother-to-child transmission of HIV (PMTCT)
services represent a particularly important

Prevention of Mother-to-Child Transmission of HIV

795

prevention of mother-to-child
transmission of hiv

b

opportunity to reach HIV-positive women and
their families with access to lifesaving HIV care and
treatment services. A woman who is newly diagnosed with HIV infection during her pregnancy
is an ideal candidate for treatment assessment and
referral to ensure her initiation on antiretroviral therapy (ART) as soon as it is needed—prior
to disease progression. Her partner can then be
encouraged to access voluntary HIV counseling
and testing (VCT) as needed and be referred for
treatment as appropriate. In addition, children
born to HIV-positive mothers in the context of
PMTCT programs benefit from access to medical
follow-up and diagnosis, regardless of their HIV
status. Children who are HIV-negative require
varying degrees of care for other common childhood illnesses. Children who are HIV-positive will
require longer-term care and follow-up.
This chapter will focus on some of the key challenges in improving access to PMTCT, as well
strategies for improving linkages between PMTCT
and care and treatment services.

Linking PMTCT to HIV Care and
Treatment Services
A key focus of recent HIV/AIDS scale-up efforts
in developing countries has been the rollout of
PMTCT interventions. These programs are considered most effective when integrated into maternal
and child health (MCH) centers, as MCH services
are firmly established in most resource-limited settings. At the same time, the scale-up of access to
ART for adults—and, more recently, children—has
been predominately concentrated in urban hospital settings where facilities and infrastructure for
laboratory monitoring of ARV regimens are readily
available. Although there has been long-standing
support for integrating PMTCT services with ARV
treatment for the mother, partner, and child (e.g.,
PMTCT-Plus), there remain significant challenges
in implementing these linkages.
796

HIV-positive pregnant women need to know
their HIV status as early as possible in the course
of their pregnancy. This is not only so they may
benefit from PMTCT services, but also so they
may receive ART for the improvement of their
own health as soon as it is needed (whether during or after pregnancy). Their access to care and
treatment services beyond PMTCT also increases
the chance that their partners will access needed
services, such as VCT and ART. In addition,
reaching women during their pregnancy aids
in the provision of HIV prophylaxis for HIVexposed infants, follow-up and diagnosis of HIV
infection in older children, and provision of pediatric ART.
Although a number of countries have made
significant advances in provision of PMTCT, few
have successfully integrated PMTCT with broader
efforts focused on the scale-up of ART.10 This gap
is of particular concern due to the association
between advanced maternal HIV infection and
mortality rates among HIV-positive and HIV
negative young children. This strong association
has led many to advocate for improved linkages
between HIV/AIDS care and MCH services, which
in turn may also improve child survival.11

Factors Influencing the Uptake of
PMTCT Services
The potential of PMTCT to serve as the entry point
for family-based HIV care can only be realized if
there is wide utilization of antenatal care (ANC)
services, availability of PMTCT services, and widespread uptake of VCT during pregnancy. In some
settings, low uptake of some or all of these services
remains a major limitation to scaling up care linkages. For instance, a 2007 report from the World
Health Organization (WHO), Joint United Nationsl
Program on HIV/AIDS (UNAIDS), and the United
Nations Children’s Fund (UNICEF) stated that coverage for HIV counseling and testing remains very
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antenatal care, uptake of HIV counseling and
testing ranged from 25% to more than 90%.
However, only 64% to 83% of women who
accepted an HIV test returned to collect their
results.15 Factors associated with acceptance of
HIV testing among pregnant women attending
antenatal clinics include education level, knowledge of MTCT and HIV testing, and partner participation16 or perception that the clinic offers
privacy and that social support from relatives
and peers is available.17
In addition to factors specifically affecting
uptake of ANC services, there have also been
reports suggesting a need for improvements in
the quality, frequency, and duration of HIV counseling.18-20 Although some studies have found that
discrimination in the community toward HIVpositive women may not be a major limitation,21 it
remains clear that stigma and discrimination, lack
of male partner support, and negative attitudes
of health workers toward pregnant women are
still significant barriers to women’s participation
in PMTCT programs, as observed in a program
in Gaborone, Botswana, despite women being
offered free access to ARVs and formula feeding.22
In summary, low acceptance of VCT among
pregnant women remains a major rate-limiting
step in the uptake of PMTCT. This, in turn, limits
opportunities for referral to other HIV care and
treatment in many settings, as highlighted in a
recent report by the Global Fund, which states:
PMTCT programs continue to face major
implementation challenges, as evidenced by
both poor performance and the very modest
absolute targets set by grants. These problems
are linked to important gender issues in HIV.
Women often do not agree to be tested during
pregnancy, they tend to be “lost” in the clinical
and referral system and they lose access to treatment for themselves and to prevent transmission to their children.23

Prevention of Mother-to-Child Transmission of HIV

797

prevention of mother-to-child
transmission of hiv

low in most countries affected by the epidemic: in
more than 70 low- and middle-income countries
surveyed that reported data for 2005, only 10% of
pregnant women received an HIV test (less than
10% in Nigeria, India, Democratic Republic of
the Congo; between 40% and 50% in Africa, Latin
America, and the Caribbean; and 75% in Eastern
Europe and Central Asia).10
While the utilization rate of health-care facilities during pregnancy may be relatively high
in many countries, there are large variations
between countries and within the same countries.
For example, a study in a rural community in
South Africa found that 44% of women delivered
their babies at home, mostly without assistance
from a traditional birth attendant.12 In a district of
Rajasthan state, India, 71.4% of pregnant women
in urban areas and 36.1% in rural areas received
more than three ANC visits.13 In Fès, Morocco,
77% of women had some form of antenatal care.14
Without ANC, women cannot benefit from HIV
diagnosis or any of the PMTCT and treatment
interventions available to them or their families.
Reported factors influencing a woman’s decision whether to deliver in a health-care facility
included proximity to the facility, transportation
costs, and education and marital status. Although
women in the South African study were aware of
the risk of mother-to-child HIV transmission,
only 9% of the pregnant women surveyed had
ever been tested for HIV.12
Accessibility of ANC and PMTCT services
in sub-Saharan Africa varies greatly across and
within countries (e.g., urban versus rural areas),
depending on economic, geographic, cultural,
and social characteristics. A 2003 evaluation
of UN-supported pilot PMTCT projects in 11
countries (Botswana, Burundi, Côte d’Ivoire,
Honduras, India, Kenya, Rwanda, Tanzania,
Uganda, Zambia, and Zimbabwe) found that
among women who came to health centers for

Interventions to Expand
Access to PMTCT and other
HIV-Related Services
The following is a brief summary of three interventions that, if appropriately designed, can help
increase the uptake of PMTCT and, in turn, other
HIV prevention, care, and treatment services.

HIV Counseling and Testing as an
Entry Point to PMTCT
Several approaches have been proposed and tested
to address the variety of barriers to HIV testing
uptake mentioned earlier in this chapter. Knowing
one’s status is the obligatory first step to receiving HIV care services. Strategies such as universal
single-dose nevirapine prophylaxis for all pregnant
women in the absence of HIV counseling or testing (once considered by some to enhance the delivery of effective PMTCT interventions in the short
term24,25) cannot serve as an entry point for further
HIV care, as women who do not know their HIV
status cannot access long-term treatment. However,
proven methods do exist to increase uptake of
PMTCT services, including clinic-based health education interventions,26 group pretest counseling,27
and education via alternative PMTCT information
sources, such as radio and television. The opt-out
testing strategy in the context of antenatal care, in
which women are tested for HIV after being notified that (1) the test will be performed and (2) the
patient may elect to decline or defer testing,28 has
been promoted for several years by the Elizabeth
Glaser Pediatric AIDS Foundation29 and others and
is associated with significant increases in testing
uptake in various resource-limited settings.30-32
Rapid HIV Testing
The availability of rapid HIV tests has greatly facilitated access to HIV testing. These tests require minimal equipment, as compared with Enzyme-Linked
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ImmunoSorbent Assay (ELISA) and other antibody
tests, and can be used on whole blood. In addition, most of these tests can be stored at room temperature.33 Moreover, because trained health-care
workers can perform a rapid test in 10 to 30 minutes, results can be given on the same day, greatly
increasing the chances that women will receive
their results. Rapid HIV testing can be implemented
together with the opt-out testing strategy.

Partner Participation
Although the greater involvement of male partners has long been advocated, there are limited
data demonstrating the impact of this involvement on PMTCT uptake. One example of where
this has been effective is Cambodia, where a study
conducted in the context of the country’s national
PMTCT program showed a strong link between
HIV testing acceptance rates among women and
attendance at a pretest counseling session with a
male partner.34 However, approaches that actively
involve male partners have yet to become common
practice in many developing countries. For example, in a PMTCT program conducted in Abidjan,
Côte d’Ivoire, the proportion of male partners tested
for HIV was only 23.1% among partners of HIVpositive women and 14.8% among partners of HIVnegative women35; in a cohort of 799 HIV-positive
pregnant women in Bangkok, Thailand, 22.6% still
had not disclosed their HIV status to their partners
by four months after the initial HIV test.36

Provision of ART to Pregnant Women
Antiretroviral therapy is often provided to pregnant women through referral systems since it is not
always available where ANC and MCH services
are being offered. Ideally, an HIV care team should
be available wherever pregnant women are regularly being seen. This team should include not only
health-care professionals but also those who can
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upon the demonstration of a clear short- or midterm impact, some recipients of international funding may consider decentralizing ART services to be
a less effective strategy than limiting these services
to urban areas. Innovative approaches must be
developed to blend these two models—for instance,
periodic (e.g., initial or biannual) patient assessments could be performed in higher-level health
facilities where highly trained health-care providers and laboratory exams, such as CD4 counts and
viral loads, are readily available. These experts could
then provide health-care providers in remote areas
with specific advice and guidance in the provision of
ART, using available communications technology
(e.g., telephone, fax, Internet, e-mail).

Conclusion
The linkage between PMTCT and care is crucial
to the long-term success of PMTCT, as children
need a healthy family to ensure that they grow up
minimally affected by HIV. PMTCT offers a great
opportunity to link all members of the family to
needed care and support services. The healthcare systems should be ready to deliver long-term
active follow-up and care for those patients not yet
on treatment, as well as those already receiving
treatment. Indeed, while about one in four HIVpositive pregnant women does require immediate
antiretroviral treatment for her own health,5-7 the
others need appropriate active follow-up for timely
initiation of ART in the future.
At the population level, stigmatization and
discrimination remain as significant obstacles
to increasing access to PMTCT and other care
and treatment services. Because universal access
to ART has been shown to be the most powerful
intervention to reduce stigma,37 interventions linking PMTCT with HIV care and treatment may
prove to be a powerful tool for reducing HIV/
AIDS-related stigma and discrimination.
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offer various forms of support, such as representatives of patient and community groups. This helps
ensure that feedback is provided to health-care
workers to inform the continuous improvement of
care. In this context, long-term follow-up of women
in the postpartum period can be organized early in
pregnancy. Even in health facilities that do have the
capacity to deliver ART regimens, simple interventions, such as the introduction of the patient to the
care team in charge of future HIV care, can prevent
women from being lost after pregnancy within an
anonymous referral system.
The question of whether ART can be safely and
efficiently provided in any health facility is complex.
ART services tend to be located at referral facilities
for various reasons (e.g., more extensive training of
health-care workers, storage of ARVs, numbers of
HIV-positive patients), whereas PMTCT services
are more commonly located at lower-level health
facilities, which are often unable to support more
complex ART regimens. Therefore, patients either
have to be referred to higher-level facilities for ART
or ART services have to be decentralized. Often,
systematic referral to urban facilities is not a viable
solution due to distance, associated travel costs, time
constraints for mothers in charge of young children,
logistics issues (e.g., sporadic public transportation,
weather, poorly maintained roads), as well as social
factors, all of which increase the risk of loss to follow-up and discontinuation of ART.
The full decentralization of ART services requires
time, resources, and considerable effort, particularly
for training the large number of health-care providers at lower-level facilities. Yet decentralization of
the health-care system is what is most needed in
many settings and may be the only viable strategy
to address widespread, resource-intensive chronic
health conditions such as HIV infection. In the current context of increased international support for
HIV/AIDS programs, which is often conditional
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Approaches to Early Infant Diagnosis
of HIV
Wendy Stevens and Gayle Sherman

A

t the end of 2007, an estimated
2.1 million children were living with HIV,
with the burden of this disease being
largely borne by countries in sub-Saharan Africa.1
Approximately 700,000 children become newly
infected with HIV each year, predominantly as a
result of mother-to-child transmission, making
HIV a significant contributor to pediatric morbidity and mortality globally.2 Increasing access to antiretroviral therapy (ART) for infants and children
in the most affected countries will require a concerted effort to (1) expand appropriate early testing strategies to make a definitive diagnosis of HIV,
(2) increase the numbers of appropriately trained
clinical and laboratory health-care practitioners,
and (3) hasten and improve the development of
appropriate, acceptable, and affordable antiretroviral (ARV) formulations for pediatric disease management.3 This chapter summarizes the currently
available testing strategies for infant diagnosis of
HIV, along with key considerations for their introduction and use in resource-limited settings.

The Case for Early Diagnosis
Early diagnosis of HIV infection in infants is a
necessity. Approximately 35% to 40% of infants

living with HIV die within their first year of life,
and more than 50% die before their second birthday.4-6 A 2007 study from Zimbabwe demonstrated
high mortality in perinatally infected infants
between 2 and 6 months of age; interestingly, it was
observed that mortality was also higher in HIVuninfected infants born to HIV-positive mothers than those born to HIV-negative mothers.5 A
study conducted in South Africa showed that over
a 24-month period, 60% of infants born to HIVpositive mothers were lost to follow-up by 6 weeks
of age, increasing to 85% by 12 months of age.7
These data support earlier work by Lambert and
colleagues in the United States, who demonstrated
significant differences between lymphocyte subsets
in HIV-exposed, -infected, and -uninfected infants
as early as 6 weeks of age.8
A recent randomized controlled clinical trial
in South Africa has demonstrated that there was
a significant increase in survival among infants
who received immediate ARV therapy versus
those who received ARVs following significant
immunological deterioration.9 This has guided the
revision of treatment guidelines for infants, thus
confirming the need for early diagnosis in HIVexposed infants.10
pediatric and adolescent hiv care
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Many infants are lost to follow-up while waiting for an Enzyme-Linked ImmunoSorbent Assay
(ELISA), which can only be given starting at 15 to
18 months of age. Yet solutions do exist. Operations
research activities in South Africa have previously
demonstrated the cost-effectiveness of using a single nucleic acid test at 6 weeks of age to reduce the
costs of infant follow-up, with efforts being focused
on getting HIV-infected children into appropriate
care programs as early as possible.11,12 Other benefits of early testing include reductions in antibiotic
prophylaxis for HIV-uninfected infants, a reduction in maternal anxiety, and the ability to monitor
the effectiveness of prevention of mother-to-child
transmission programs.13

Testing Strategies
Early definitive diagnosis of HIV infection in infants
is critical to ensuring that HIV-infected infants
receive appropriate and timely care and treatment.
For this reason, the World Health Organization
(WHO), the United Nations Children’s Fund
(UNICEF), and the Centers for Disease Control and
Prevention (CDC) have recommended that countries provide access to early virological testing for
HIV-exposed infants.10,14,15
A number of different testing strategies for early
infant diagnosis have been investigated, including surrogate markers, such as hypergammaglobulinemia, IgA HIV antibodies (since this antibody
subtype is not transferred across the placenta but
is produced by the infant), qualitative p24 antigen assays, determination of reverse transcriptase
activity, and HIV viral culture (previously the gold
standard assay). Assays currently favored for early
infant definitive diagnosis include nucleic acid testing using polymerase chain reaction (PCR) assays
(both qualitatively [DNA and RNA] and quantitatively [RNA]), and p24 antigen quantitation. More
recent experimental approaches have included
investigation of CD4/CD8 ratios for distinguishing
808

HIV-infected from HIV-uninfected infants at an
early age following exposure to HIV.16,17 Although as
sensitive as DNA PCR, the use of viral culture in the
setting of routine diagnosis has largely been abandoned for reasons of complexity, cost, and a delay in
result reporting of at least two to four weeks.18

Antibody-Based Assays
Antibody-based assays (e.g., ELISA and rapid tests)
are simple, cheap, and highly accurate tools for
diagnosing HIV infection in adults and in children
older than 18 months of age. However, in infants and
children under 18 months of age, these tests cannot
differentiate between persistent maternal HIV antibodies transferred across the placenta into the baby’s
circulation (i.e., HIV exposure) and HIV antibodies
produced by the child (i.e., HIV infection). All babies
born to HIV-positive women will have a positive HIV
antibody detection test result at birth. This result may
remain positive until up to 18 months of age, though
more commonly it becomes negative (seroreverts) in
an HIV-uninfected infant much earlier.
In children younger than 18 months, HIV antibody detection assays can be useful, provided the
results are correctly interpreted. If the child tests
positive, HIV exposure is confirmed. Exposed children require specific care (e.g., prophylactic cotrimoxazole, infant feeding counseling) and further
testing to establish their HIV infection status. If the
child tests negative, HIV infection can be excluded,
provided the child has not been breastfed in the past
six weeks and has no clinical stigmata of HIV infection. If the child is being breastfed, testing should
be repeated six weeks after breastfeeding has ceased
to exclude postnatal transmission.13,15 Repeat HIV
testing is also indicated if breastfed children develop
clinical symptoms suggestive of HIV infection.
Innovative work in Rwanda and Uganda has suggested diagnostic algorithms using frontline screening with rapid HIV tests, thus reducing the number
of further virological assays that are needed.15,19
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Viral Detection Assays
Viral detection assays directly detect the virus
by demonstrating the presence of viral nucleic
acids (DNA, RNA, or both) or viral antigens (e.g.,

p24 antigen). Although positive HIV viral detection assays accurately detect HIV infection at any
age, they are not routinely used for diagnosis of
HIV infection over 18 months of age. These assays
are essential for definitively determining the HIV
infection status of infants early in life, so that
infected infants can receive appropriate care services. Yet despite their proven effectiveness, these
assays, until recently, have been widely regarded
as being too expensive for use in resource-limited
settings, where the vast majority of pediatric HIV
infections occur.
p24 Antigen Quantitation Assay
The use of the Perkin Elmer heat-denatured
p24 antigen quantitation assay, designed by
Schüpbach and colleagues,23,24 has been extensively evaluated as a tool for infant diagnosis and
monitoring in several countries across different
subtypes. 25-33 The assay’s sensitivity in different subtypes has been determined to be in the range of
97.7% to 100%, with specificities similarly being
between 97% and 100% (see Table 1). Access to
this assay has at times been limited, with manual
preparation of a separate buffer required to ensure
adequate sensitivity. The assay has been evaluated on other sample collection media, such as
dried plasma34 and blood spots.35 Recently, Patton
and colleagues confirmed the feasibility of using
this assay on dried blood spots, thus dramatically
expanding its potential value in infant diagnosis.36
The excellent performance of this assay in dried
blood spots in HIV subtype C was also confirmed
by Knuchel and colleagues in 2007.35
The general conclusion from published data is
that the HIV-1 p24 antigen in blood is sensitive
enough for early diagnosis of HIV infection in
infants and young children across different subtypes, but only if the ultrasensitive HIV p24 antigen assay described earlier is used. In addition, it
should be noted that this assay cannot be widely
pediatric and adolescent hiv care
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Rapid Testing
Preliminary work with rapid HIV tests suggests
that seroreversion can be documented as early as
4 months of age. A Ugandan study reported that
rapid tests could rule out infection in more than
30% of infants at 3 to 6 months and in 66% of
infants at 6 to 9 months of age.19 A recent study
from South Africa demonstrated the low sensitivity of the rapid Capillus HIV-1/HIV-2 test (Trinity
Biotech) in detecting HIV-infected children on
treatment.20 Sherman and colleagues in South
Africa proposed the use of less-sensitive oral-fluid
screening assays to more efficiently exclude HIV
infection at 12 months of age; however, screening
with these assays for HIV exposure in 6-week-old
infants has yielded disappointing results.21,22 These
results indicate that further studies are needed to
determine the age at which rapid HIV testing of
exposed infants would be most cost effective in
relation to sensitivity, specificity, and positive and
negative predictive values. These parameters will
vary according to the type of rapid HIV test used.
Considerations that make a routine rapidtesting screening approach attractive include the
following: (1) rapid tests are simpler, cheaper, and
more widely available; (2) many uninfected HIVexposed children lose maternal antibodies before
9 months of age; and (3) breastfed infants can be
retested by rapid tests six weeks after weaning.10,15 It
is now generally accepted that if an infant between
9 and 18 months of age has never been breastfed
or has stopped breastfeeding for at least six weeks
and has had a negative HIV rapid test result, then
the child should be considered uninfected, with no
further molecular testing performed unless symptoms develop.10,15

Table 1. Summary of Performance of Ultrasensitive Heat-Denatured p24 Antigen Quantitation Assay
for Early Infant Diagnosis of HIV
Region

Prevalent Subtype

Sensitivity and Specificity

Tanzania32

A, D

99% sensitivity, 100% specificity

Uganda (Mulago)33

A, D

94% sensitivity, 98% specificity overall (compared
with Roche DNA PCR)

Switzerland and United States29,31

B

97% – 98% sensitivity, 98% – 99% specificity

South Africa28

C

97.7% sensitivity, 100% specificity at 6 weeks

Zimbabwe25

C

96.7% sensitivity, 96.1% specificity

Thailand and Cambodia26,30

E

97% – 98% sensitivity, 97% – 99% specificity

Vietnam27

E, recombinant AE

100% sensitivity, 100% specificity

recommended until the consistent supply of kits
can be guaranteed.14,15
Nucleic Acid–Based Testing
Nucleic acid–based testing strategies have become
the approach of choice in many centers around the
world. Qualitative DNA-based assays have been
evaluated quite extensively, with the commercial
Roche HIV DNA PCR version 1.5 having the most
published data to date. Earlier assays, such as the
Roche HIV DNA PCR version 1.0, were found to
have reduced sensitivities for HIV non-subtype-B
viruses37,38; thus, careful evaluation across subtypes
is essential. Various studies have demonstrated
that the sensitivity of DNA PCR is less than 40%
within the first 48 hours after birth, though sensitivity improves to greater than 90% by 2 to 4 weeks of
age.39,40 This increase in sensitivity should apply to
all group M subtypes detected by the current Roche
version 1.5 assay.41 However, ongoing surveillance
over time is required to ensure that sensitivity is
maintained.42,43
In-house DNA assays targeting a variety of
regions of the HIV genome are also available in
many laboratories across the developing world.
Recent success has been demonstrated using the
8 10

CDC-developed assay, with primers designed for
the long terminal repeat (LTR) region of the HIV
genome.44-46 This assay is referred to as the total
nucleic acid (TNA) real-time, reverse-transcriptase
PCR assay and has also been optimized for use on
dried blood spots.45 The assay is semiquantitative,
with such advantages as reduced cost, increased
throughput per run, and improved automation
over commercial assays. An additional feature is
the inclusion of an internal target ribonuclease P
(RNase P), which ensures that successful amplification has taken place. A study from Uganda evaluating this assay’s performance reported a sensitivity
of 96% and a specificity of 94% as compared with
the Roche Amplicor assay on dried blood spots
and cell pellets.44 In a further study evaluating the
same assay in Uganda, Kenya, and Cameroon on
dried blood spots, concordance of the results of the
dried blood spot–based real-time assay with the
results by plasma samples in Uganda was 99.2%,
and concordance of the real-time assay with the
Roche assay in the dried blood spot samples from
Cameroon and Kenya was 99.7%.46
The performance of the commercially available Roche HIV DNA PCR version 1.5 assay has
been evaluated in several laboratories across a
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Region

Prevalent Subtype

Sensitivity and Specificity

Zimbabwe43

C

100% sensitivity, 100% specificity

Tanzania42

A, C, D

99.1% sensitivity, 97% specificity

Rwanda47

A

100% sensitivity, 98% specificity

Uganda44

A, D

96% sensitivity, 94% specificity

South Africa11,49

C

99.3% sensitivity, 99.5% specificity

variety of different subtypes, with sensitivities and
specificities ranging from 96% to 100% and from
94% to 100%, respectively (see Table 2).11,42,43,47 A
CDC-sponsored meeting held in Uganda in 2005
presented the collective experience with the assay
from several different African countries. 14 This
meeting had representation from 17 countries
and included 60 participants with both clinical
and laboratory experience in the field of infant
diagnosis. Participants at the meeting from
Uganda, Zambia, Mozambique, Kenya, Namibia,
Rwanda, Côte d’Ivoire, Botswana, and South
Africa shared data demonstrating the overall
positive performance of the DNA PCR version
1.5 assay across different settings and HIV subtypes. Most sites had implemented the use of
dried blood spots as the collection device prior to
performing the assay.
Problems with the assay identified by users at
the meeting included the manual nature of current extraction processes, the low throughput of
the assay, the skill required, and the specific workflow requirements characteristic of any PCR-based
technology. The consensus reached was that the
use of dried blood spot specimens from infants was
an acceptable means of ensuring greater accessibility to serological and virological testing for HIV
infection. To address some of the implementation
concerns previously described, a variety of centers
have explored ways to automate the extraction

procedures using such technologies as the Roche
MagNA Pure analyzer.48 Extraction of liquid blood
samples has been very successful, with large studies demonstrating sensitivities and specificities
equivalent to manual extraction methods. A slightly
reduced sensitivity has been noted for dried blood
spots using the Roche MagNA Pure analyzer; further optimization is required. The need to automate
extraction procedures is particularly acute in South
Africa, where antenatal prevalence figures in certain
provinces have reached or exceeded 30%, translating
into approximately 300,000 HIV-exposed infants
in need of testing each year.49 The issue of automation is also currently being addressed in a trial in
South Africa, in collaboration with Roche, using a
newly designed assay for the Roche Cobas TaqMan
instrument and the Roche Cobas Ampliprep analyzer for automated TNA extraction.50 Compared to
the Roche DNA version 1.5 assay, this combination
showed good clinical specificities and sensitivities of
100% and 99.7% for whole blood and dried blood
spots, respectively. In addition, the assay showed
improved automation and sample throughput and
can be recommended for implementation in highvolume laboratories.50
Quantitative HIV RNA Assays
Interest has also been expressed in using quantitative HIV RNA assays for infant diagnosis,
because many studies have confirmed that RNA
pediatric and adolescent hiv care
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Table 2. Summary of Performance of Roche Amplicor HIV DNA PCR Assay Version 1.5
in Different Subtypes

is as sensitive as DNA PCR for early diagnosis.51,52
Further rationale for this approach would be
not only to ensure diagnosis but also to provide
a baseline viral load for treatment implementation in the infected infant. Use of this assay is a
departure from conventional clinical laboratory
practice, which advises against using quantitative assays for diagnosis. Studies conducted by the
CDC in 1997 in a perinatal cohort from New York
suggested that HIV RNA was detected earlier in
plasma than was HIV DNA.53 Numerous commercial assays used for HIV viral load monitoring
could be considered in this regard, including (1)
the Roche Amplicor HIV-1 Monitor and Cobas
TaqMan assay,54 (2) the Abbott Real-Time HIV-1,55
(3) the Bayer Versant HIV-1 RNA 3.0 (bDNA),54
and (4) the bioMerieux NucliSENS HIV-1 QT
and NucliSENS EasyQ HIV-1.56
The difficulties presented for the use of HIV
RNA assays include the lack of published protocols evaluating and standardizing the extraction of RNA from dried blood spots, which is an
important technique for resource-limited settings.
Additionally, uncertainties remain as to whether
maternal or infant ARV prophylaxis affects the
sensitivity of RNA-based assays. The field is progressing rapidly, however, with protocols emerging rapidly for extraction of RNA from dried blood
spots followed by use of the commercial assays
described above. Examples of these include the
Nuclisens EasyMag/EasyQ combination57 and the
Roche assay.58 In addition, RNA qualitative assays,
such as the Gen-Probe Aptima assay used in blood
bank screening, are now being investigated for
their role in infant diagnosis.59

Overcoming Implementation Challenges
Challenges that have arisen in implementing early
infant diagnostic testing algorithms have included
limited phlebotomy skills, which are required
to collect samples from infants, and difficulties
8 12

transporting blood samples to central facilities for testing. Sample collection of dried blood
spots has routinely been used for infant screening
for decades.60,61 As discussed earlier, many studies have now demonstrated good performance of
conducting p24 antigen quantitation and nucleic
acid testing from material extracted from dried
blood spots. Although there have been concerns
about the differences that might arise in results
when using venous blood compared with capillary blood for dried blood spot collection, no
differences in HIV DNA PCR results were noted
when these different methods of blood collection
were compared.48
Some consider the manual nature of cutting
out spots using scissors to be a rate-limiting step
in the sample processing chain for dried blood
spot testing. Other approaches for obtaining dried
blood spots include the use of manual or automated card punches. Concerns have been raised
about potential cross-contamination of samples
during manual or automated card punches.
Driver and colleagues, however, demonstrated
that the risk of contamination using either a manual or an automated punch is low and that both
these approaches could be used in settings that
require scaling up of implementation practices.62
Although important in high-volume settings, the
use of automated punches is complicated by the
following issues: (1) the high cost of the analyzers; (2) space requirements (these instruments
have large footprints); and (3) the cost of custommade, framed cards.
The feasibility of using dried blood spots for
large-scale, anonymous surveillance of HIV infection in infants at immunization clinics has been
demonstrated.63 In this case, surveillance was being
performed to measure the success of prevention of
mother-to-child transmission programs.
Much debate has ensued regarding the need to
repeat PCR-based diagnostic assays. Many South
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Ensuring Quality
It is important for PCR technology, like any other
laboratory test, to be implemented according
to good laboratory practice guidelines, including appropriate workflow with designated areas
and equipment as per standard PCR protocols.
Appropriate documentation of staff training
and ongoing performance assessment is critical
for monitoring quality. Tests must have defined
internal quality-control practices. This qualitycontrol process should include appropriate negative and positive controls in each run. In addition,
the inclusion of an internal control within each
sample, where possible, is important for excluding false-negative results based on inhibition.
Accepted method-validation protocols must be
followed to assess the assay’s performance in the
local setting.64
Factors to be considered before assay selection include the volume of tests to be conducted, clinical algorithm and required result
turnaround time, geographic location, skills of

clinical and laboratory staff, and availability of
a courier network and supplier support in the
region. Enrollment in appropriate external quality assessment (EQA) programs is an important
part of the implementation process to ensure that
performance is monitored on an ongoing basis.
The CDC has recently introduced a pilot external
proficiency program for dried blood spot DNAbased assays.65

Algorithms for Infant Testing
Specific algorithms must be developed to ensure
that assays are conducted at appropriate times and
are interpreted correctly. In 2008, the U.S. National
Institutes of Health (NIH) working group for
guidelines on the management of pediatric HIV
infection recommended the following criteria for
pediatric diagnosis of HIV: (1) two positive HIV
virologic tests on separate blood samples, regardless of the infant’s age, or (2) a positive HIV antibody test with confirmatory Western blot for those
18 months of age or older.66
To rule out HIV infection, NIH recommends:
(1) two or more negative HIV tests, one conducted
at least at 4 weeks of age and the second at more
than 4 months of age, or (2) loss of HIV antibody
in a child with previous HIV-negative virological assays. Thus, for infants less than 18 months
of age, virological assays—either HIV RNA or
DNA PCR—are recommended. Testing should
be conducted at three times: (1) 14 to 21 days,
(2) 1 to 2 months, and (3) 4 to 6 months. In addition, seroreversion should be documented at 12 to
18 months in HIV-uninfected infants. For infants
older than 18 months, HIV ELISA antibody assays
are recommended.
However, the algorithm recommended by NIH
is neither feasible nor affordable in most resourcelimited settings; therefore, these recommendations have been substantially modified by WHO
to improve access to testing.15 WHO recommends
pediatric and adolescent hiv care
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African sites follow an algorithm of repeating
all positive results. Other sites have widened the
optical density (OD) cutoffs for the Roche DNA
version 1.5 assay, thus expanding the number of
samples that would be considered indeterminate
or equivocal and that would result in repeats. In
a recent survey of the program over a six-month
period in a single laboratory in Johannesburg, up
to 6% of 11,000 tests had to be repeated for a host
of reasons, including control failures, discrepant
results (due to sample labeling and mishandling
errors at both clinic and laboratory), and defined
equivocal results.49 These approaches would need
to be evaluated independently at each site, with
consideration given to the staff’s skill level and the
volume of samples. As the volume of samples in a
particular laboratory increases, so does the risk of
potential sample contamination.

a single viral detection assay at 6 weeks of age for
early diagnosis of HIV infection in all HIV-exposed
infants. Although a second viral detection assay on
a separate sample is recommended to confirm a
positive viral detection assay, it is recognized that
this is unlikely to be possible in many settings. A
similar caveat holds true for using an antibody
detection assay at 18 months of age to confirm a
child’s HIV infection status.10,15
Many centers have demonstrated that if a
single testing time point must be selected and if
additional testing is difficult due to cost and follow-up, 6 weeks of age represents a good opportunity with good test performance.11,66 The caveat
placed on this guideline is that earlier testing may
be required should the infant display clinical features suggestive of HIV infection and that uninfected, breastfed infants must receive additional
testing to exclude postnatal transmission.
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Conclusion
Once further data on the performance of specific
rapid HIV tests are available, current diagnostic
algorithms for resource-limited settings can be further refined to reduce the need for virological testing.
Consensus between working groups from the WHO
and CDC have finalized diagnostic algorithms for
both sick and well HIV-exposed infants.14,15 The time
points identified also represent the times at which
many centers would conduct postnatal visits and
schedule infant immunizations. The coordination
of different programs of immunization, maternal
postnatal care, and diagnostic services is thus essential to ensure access for infants. Close collaboration
with pediatric care services is also required to ensure
appropriate referral and care for infected infants. In
addition, close links should be maintained between
the clinic and the laboratory to ensure ongoing
monitoring of assay performance.
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Diagnosis of HIV Infection in Infants
and Children: Lessons Learned from
Johannesburg, South Africa
Gayle G. Sherman
National Health Laboratory Service, University of the Witwatersrand, South Africa

Early Experiences: Clinical
Follow-Up of HIV-Exposed
Infants
In the absence of viral detection assays, many ministries of health in resource-limited settings adopted
a diagnostic protocol that involved the testing of all
pregnant women in order to identify HIV-exposed
infants at birth. These infants were then to be clinically followed up on cotrimoxazole prophylaxis
until 15 to 18 months, when an HIV EnzymeLinked ImmunoSorbent Assay (ELISA) test could
be performed.1 Yet when this protocol was adopted
in Johannesburg, South Africa, in the early 1990s,
very few children ended up being tested for HIV. For
example, 85% of infants identified as HIV exposed
had been lost to follow-up by 12 months of age for
a variety of reasons.2,3 Even when HIV-exposed children were successfully identified and followed up,
38% of HIV-infected infants died before 12 months
of age and before a definitive diagnosis could be
made.3 Furthermore, the majority of HIV-positive
pregnant women were never identified antenatally,
leaving their HIV-exposed infants with no avenue to
access HIV diagnostic services.
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he capacity to make a definitive
diagnosis of HIV infection in infants
and children in resource-limited settings
remains limited despite the wider availability of
comprehensive HIV care services, including antiretroviral therapy (ART). This is due to the cost
and complexity of the HIV tests used to diagnose
younger patients, as well as a variety of psychosocial factors including stigma, discrimination,
and the perceived hopelessness associated with
diagnosing young patients with HIV infection.
In addition, a higher level of clinical skill is
required to diagnose HIV infection in children as
compared with adults due to variables such
as age, clinical and breastfeeding status of the
child, and the need to interpret a wider variety of
HIV tests.
This chapter will discuss the experience of rolling out a protocol for the detection of HIV infection in infants and children in Johannesburg,
South Africa, as part of a national strategy. The
associated successes and challenges, as well as
lessons learned relevant to other settings, will be
highlighted.

The failure of this protocol was highlighted
once again when prevention of mother-to-child
transmission (PMTCT) programs were initiated in South Africa.4 The mother-to-child HIV
transmission rate, established by determining the
HIV infection status of vertically exposed infants,
is essential for measuring the effectiveness of
PMTCT programs. Without the ability to diagnose
HIV infection in infants, it was not possible to
perform an accurate assessment of the 18 PMTCT
pilot programs initiated in South Africa in 2000.4
The need for improved diagnostic protocols for
resource-limited settings became even more pressing when antiretroviral drugs (ARVs) started to
be made more widely available. Without access to
the proper HIV diagnostic tools for children, the
ability to identify HIV-infected children and, subsequently, to increase the proportion of children
receiving ART remained disappointingly low.5

The Road to Early Infant
Diagnosis
In 2000, the South African national antenatal clinic
HIV prevalence rate was 24.5%, translating into
approximately 250,000 infants being vertically
exposed to HIV in a single year.6 HIV viral assays
and ARVs were essentially unavailable, and the
protocol requiring clinical follow-up of all HIVexposed infants identified at birth resulted in large
clinics filled with predominantly healthy children.
Little clinical time remained for the care of children
who were actually ill from HIV infection, making
for inefficient use of scarce resources.

The Infant Diagnostic Study
Preliminary experiences using either a single Roche
Amplicor HIV DNA-1 polymerase chain reaction
(PCR) assay or a semiquantitative HIV ELISA test,
in conjunction with a clinical assessment, suggested
that an improved diagnostic protocol enabling earlier
diagnosis of HIV infection in infants was attainable in
822

resource-limited settings.7,8 These findings prompted
a 2002 study of three hundred HIV-exposed infants
born at Coronation Women and Children’s Hospital
in Johannesburg, with the primary aim of determining an accurate, affordable diagnostic protocol for
infants in South Africa. Secondary aims included
assessing various age-appropriate HIV antibody and
viral detection assays on blood and oral fluid to provide alternative options for diagnosing children and
exploring the psychosocial consequences of an early
HIV diagnosis.
The findings of the infant diagnostic study are
as follows:
• Single-dose nevirapine for PMTCT administered in a routine clinical setting to predominantly exclusively formula-fed infants reduced
the vertical transmission rate to less than 9% at
three months of age.3
• A single HIV DNA PCR test at six weeks of age
detected all cases of HIV infection acquired
in utero and intrapartum.3,9 The same applied
to a single HIV RNA PCR test at six weeks of
age, although one low false-positive result was
obtained.
• The HIV DNA PCR assay could be adapted
for use on dried blood spot (DBS) samples
suitable for a high-throughput routine clinical
laboratory without diminishing accuracy.10 This
applied to DBS samples collected either from
venous or capillary blood.11
• The ultrasensitive p24 antigen assay was 96%
sensitive and 100% specific at six weeks of age
for subtype C virus and provided an excellent
alternative to nucleic acid testing for early infant
diagnosis in areas where PCR was not feasible.12
The assay was later modified for use on DBS
samples without diminishing its performance.13
• Using a single viral detection assay at six weeks
of age would not only cost less than using the
compromised diagnostic protocol adopted
for children in resource-limited settings, but
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Roll-Out of Infant Testing
The South African Department of Health (DoH)
first made ARVs available for the treatment of HIV
in the public sector in 2004. Their operational plan
tasked the National Health Laboratory Service
(NHLS) with the responsibility of providing laboratory services to support the national HIV/AIDS
program.19 The plan recognized that a significant
increase in laboratory capacity would be required
but dealt predominantly with CD4 count and viral
load testing and made no firm recommendations
regarding the tests that should be used for early
infant diagnosis. In that same year, based on evidence from the infant diagnostic study, the DoH
guidelines recommended a single HIV DNA PCR
test at six weeks of age for all HIV-exposed children
if the test was locally available in the province.20
Overcoming Barriers
In Johannesburg, the danger of false-positive HIV
DNA PCR results was minimized by repeating all
positive HIV DNA PCR assays on the same sample to check the result and by clinical guidelines
that required all children to have a viral load assay,

which serves as a confirmatory test, before commencing ART. Because the NHLS had very few
laboratories performing HIV DNA PCR tests at
the time, the DoH guidelines cautioned that PCR
testing may not be available at all centers immediately. Considerable demand on the NHLS for HIV
monitoring assays delayed the increase in building
capacity for infant testing.
An additional obstacle to early infant diagnosis
emerged: the lack of skills at the primary healthcare level for venesecting six-week-old infants. In
the clinic, this was easily addressed if DBS samples were used instead of liquid blood samples.
However, excising DBS samples in the laboratory
was labor intensive, and the risk of cross-contamination between patient samples was unknown. The
next setback was sourcing, procuring, and validating automated punches (BSD1000-GenePunch) to
excise DBS samples in high-throughput environments. Only in mid-2007, when reasonably validated methods for automating parts of the testing
process were available,21 were the number of NHLS
laboratories capable of performing DBS HIV DNA
PCR testing set to increase.
Increasing the capacity of centralized laboratories for HIV DNA PCR testing proved relatively
simple in comparison to initiating infant diagnostic services for HIV in a multitude of peripheral
primary health-care clinics. Significant challenges
included obtaining “buy-in” from clinic management; a complex system of municipal and provincial clinics that did not view HIV testing of
infants as their responsibility; convincing mothers and health workers of the benefits of infant
diagnosis; training and supporting nursing staff
who generally had heavy clinical loads and high
turnover rates; developing and updating appropriate training materials; and logistical difficulties in
obtaining consumables for DBS testing, since these
were novel to laboratory and clinical staff. These
challenges were exacerbated whenever national
pediatric and adolescent hiv care
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would triple the identification of HIV-infected
children.14
• The Integrated Management of Childhood
Illness clinical algorithm in the first year of
life is not helpful in identifying HIV-infected
infants for HIV testing.15
• Where viral detection assays were unavailable,
better use could be made of HIV antibody assays
in excluding HIV infection in exposed children
at 12 months of age or younger by employing
the HIV ELISA assay results in a semiquantitative manner16 or using oral fluid HIV tests.17
• Diagnosing HIV in infants involves complex
psychosocial issues that require consideration
in planning effective, supportive diagnostic services for children and their families.18

policies changed. For example, different DBS cards
had to be introduced to accommodate the automated punch, necessitating retraining of staff and
updating of training materials and procedures for
ordering consumables.
Once permission from regional authorities was
obtained, training was conducted by a nurse-trainer
in the form of half-day presentations covering the
theory of testing, how to collect a blood sample, and
clinical problem-solving exercises. The presentations were converted into handouts and finally into
a training module for the provincial DoH to facilitate inclusion of early infant diagnosis into their
HIV/AIDS curriculum. The same nurse-trainer followed each presentation with on-site practical training at individual clinics, at which time a starter pack
of consumables for HIV DNA PCR testing (accompanied by instructions on how to order additional
stock) and a laminated poster (which summarized
the blood collection protocol and was intended for
display in the clinic) was provided. Using laboratory records, the number of HIV DNA PCR tests
originating from each trained clinic was monitored as a crude proxy of infant diagnostic service.
Troubleshooting visits to clinics that failed to submit
PCR tests after receiving training were conducted.
Timing the initiation of infant diagnostic services at clinical sites was problematic, since laboratories first had to be capacitated to perform viral
detection assays. Each laboratory had to scale up
to cope with unprecedented volumes of PCR tests
that would be submitted at an unpredictable rate
without the option of withdrawing the service once
initiated. Few resources were available to “work
smart” by improving laboratory methodologies to
cope with the high throughput. In spite of these
growing pains, by the end of 2006, HIV DNA PCR
test volumes had increased dramatically in the
eight laboratories capable of performing the assay
(see Figure 1). However, almost three years into
the national HIV/AIDS treatment program, this
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enormous increase in PCR tests amounted to testing only about one-third of all infants estimated to
be HIV-exposed in South Africa annually.
Ongoing Challenges
Ongoing challenges faced in clinics and laboratories include training and retention of staff, sourcing physical space and additional staff for expansion of services, and monitoring the quality of the
service provided in order to improve it.
Infants in many provinces still have no access
to an HIV diagnosis, and much work remains to
integrate HIV services into established child-care
services so that HIV-exposed children are offered
appropriate HIV testing. Provinces that do not
have a laboratory capable of performing PCR testing should be shipping samples to neighboring
provincial laboratories and not delaying PCR testing as intimated by the national guidelines.20 PCR
statistics, readily accessible from the NHLS laboratory database, need to be made available on a regular basis to regional HIV/AIDS program managers
to monitor infant diagnostic services.
There is still no ideal HIV viral detection assay
for infant diagnosis, since the HIV DNA PCR
test currently in use has yet to be automated. In
high-throughput laboratories, this is not ideal
considering that manual methods are more prone
to human error and skilled technologists are in
short supply. There is an urgent need for ongoing
investigation to automate parts of the assay (e.g.,
an extraction method suitable for high volumes),
to validate quantitative viral assays that are more
widely available in South Africa for infant diagnosis on DBS, and to evaluate new assays. Laboratory
capacity is much less of an impediment to testing children in Johannesburg; current barriers include the need to improve clinical services
and address social factors that will allow caregivers to bring their children in for testing. The
Psychosocial Aspects of Early Infant HIV Testing
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Note: The Johannesburg laboratory had performed an average of 2,000 tests per annum until the ARV roll-out commenced in April 2004.
The number of tests performed then increased 20-fold in less than three years. In 2006, South Africa performed over 80,000 tests, with
approximately 80% of the testing emanating from just three laboratories.

study is under way to determine how to deliver
a diagnostic service for children that is acceptable to caregivers and health workers and how
to monitor and evaluate this service. Adapting
diagnostic services to meet the needs of specific
groups of children, such as adolescents and abandoned infants, requires further attention.22
Efforts to ensure access to early infant diagnosis initially focused on the availability of viral
detection assays, overshadowing other strategies
for assuring diagnosis. For example, poor PMTCT
coverage meant that most HIV-exposed infants
would still not be detected at six weeks of age via
PMTCT programs and that other entry points to
testing had to be found.5 Opt-out testing for mothers or their infants attending six-week immunization clinic visits has not been adopted because of
the concern that this may have a negative impact
on the uptake of immunization services, among
other reasons.

The offer of HIV testing needs to be considered
at every contact that a child has with health-care
services, particularly in symptomatic children. In
these settings, HIV antibody detection tests (preferably rapid HIV tests) can be used to determine
HIV exposure. Depending on the age of the child,
positive rapid tests would confirm HIV infection
or allow a DNA PCR test to be submitted at the
same visit. A rapid oral fluid test is less invasive
and theoretically an ideal option for screening for
HIV exposure at immunization clinics, but provisional results suggest the sensitivity is too low for
this setting.23
Widely available rapid HIV tests remain underutilized in children, largely because there is very
little data to support their use.24 This results in
misleading guidelines stating that “rapid tests
should not routinely be performed in children.”20
Rapid HIV tests available in South Africa are validated for adults only, and there are currently no
pediatric and adolescent hiv care
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Figure 1. Number of HIV DNA PCR tests performed annually, 2003 to 2006

recommendations for their use in children. In
introducing HIV DNA PCR testing, guidelines
were oversimplified, recommending a cut-off age
of 15 months, below which PCR tests should be
done.20 The use of rapid tests could reduce the need
for PCR tests and return clinic visits to collect test
results, resulting in considerable cost savings. For
example, a clinically well 9-month-old child with a
negative HIV rapid test can be diagnosed as HIVuninfected without a PCR test during a single clinic
visit, provided that no breastfeeding has occurred
in the previous six weeks. The age at which rapid
tests could be used to exclude infection in HIVexposed children is yet to be determined, but may
be earlier than 9 months.25 Further evaluation of
rapid HIV tests is ongoing to inform recommendations for their use in infants.26

Lessons Learned
General lessons learned from the experience in
Johannesburg include the following:
1. Start now. There is no perfect timing or perfect HIV test for initiating diagnostic services
in children. Do the best you can with what is
available, and work toward improvements
guided by available information and local
experience. Waiting for all parties to be ready
is a recipe for major delays.
2. Advocacy is vital. Ensure that government,
policymakers, and health workers are well
informed regarding the importance of infant
diagnosis so that sustainable clinical and laboratory services can be built from within the
public sector.
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3. There is no “one size fits all” strategy.
Resource-limited settings comprise a range of
diverse conditions in which clinical expertise
and laboratory services vary. National healthcare policymakers require access to information and expertise in this field to enable them
to tailor a diagnostic policy to suit their circumstances. Foreign technical experts are unlikely
to understand local conditions, and input from
local health workers is essential. For example,
there is little point specifying the consumables
to be used for testing unless these can be made
available locally and reliably. Infant diagnosis
will be hindered if strategies from other settings are imposed. Develop the capacity for
clinical and laboratory operations research to
inform practice.
4. Keep it simple, yet provide enough information. Guidelines are often followed blindly and
inflexibly (e.g., sick children with features of
HIV infection less than six weeks of age will
not be tested because the algorithm states that
HIV DNA PCR should be done at six weeks of
age). Various scenarios need to be considered
and taught, necessitating ongoing training to
minimize confusion among health workers.
5. It is difficult to do worse. The introduction of
a new policy may be accompanied by the fear
of failure. Diagnosis of infants and children,
the cornerstone of addressing the pediatric
HIV epidemic, is being executed so poorly that
well-planned attempts to improve the service
are unlikely to worsen the outcome.
6. Persist, persist, and persevere.
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hildren constitute an estimated
7% of all HIV infections, yet they account for
16% of all AIDS-related deaths.1 This extreme
difference is partly due to the high risk of mortality
in perinatally infected infants during the first year of
life. Without antiretroviral therapy (ART), up to 40%
of infants living with HIV may die before their first
birthday.2,3 The World Health Organization (WHO)
guidelines recommend that ART be initiated as early
as possible in perinatally infected infants, including those in resource-limited settings.4 Most HIVexposed infants in resource-limited settings, however,
can only be diagnosed by serology at 15 to 18 months
of age, when maternal antibodies have disappeared
from the child’s blood. While serology testing is
relatively cheap (US$1–$2) and widely available, it
cannot identify HIV-infected infants during the first
months of life, the period during which they would
benefit most from initiation of ART.5
WHO guidelines recommend HIV diagnosis
of exposed infants as part of routine care from as
early as six weeks of age.4 This recommendation
is common practice in developed countries, where

the Roche Amplicor HIV-1 DNA Test may be considered to be the “gold standard” for diagnosis of
HIV-exposed infants. The Roche test has been successfully used for early diagnosis of infants in Asia
and Africa, but its availability has been limited to
clinical research settings due to prohibitive costs
(up to US$50 per test) and the need for molecular
biology laboratory infrastructure and trained personnel to perform the testing. In search of more
affordable and feasible diagnostic tools, researchers have developed alternative virologic tests using
a real-time polymerase chain reaction (PCR) technique or an ultrasensitive p24 antigen assay, with
dried blood spots (DBS) for sample collection.6
In this chapter we will describe the processes of
technology transfer and piloting of a low-cost inhouse HIV DNA PCR technique using DBS for
early HIV diagnosis of infants born to HIV-positive
women in Thailand. The in-house technique was
developed in France and transferred to Thailand,
where it was validated in a clinical trial on prevention of mother-to-child transmission (PMTCT) and
then piloted as part of routine care in a network of
pediatric and adolescent hiv care
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public hospitals throughout the country. The first
part of the chapter describes the key steps in capacity building and technology transfer of the in-house
HIV DNA PCR technique, building upon existing HIV research infrastructure. The second part
of the chapter focuses on the lessons learned from
the implementation of early HIV diagnosis as part
of standard care and the importance of health-care
worker training, community partnerships, monitoring and evaluation, and quality control.

PMTCT, HIV Diagnosis, and Care
for Children in Thailand
Thailand was one of the first Asian countries to be
affected by the HIV pandemic and, to date, more
than 1 million of its 64 million population have
been infected with HIV.7 In 2007, the prevalence
of HIV-1 infection among pregnant women presenting at antenatal clinics was 0.8% nationwide,
but with regional disparities.8 Thailand has a strong
public health infrastructure, and the Ministry of
Public Health has been actively involved in the
implementation of large-scale clinical trials on
PMTCT of HIV9-11 and the rapid translation of
research results into policy and practice.12
The Ministry of Public Health currently recommends that pregnant women who do not require
combination ART for their own health (ART is available under the national universal health coverage
system for women with CD4 counts below 250 cells/
mm3) receive zidovudine (ZDV) prophylaxis from
28 weeks’ gestation or as soon as possible thereafter,
through labor, plus single-dose nevirapine (sd-NVP)
during labor. For neonates, sd-NVP after birth plus
ZDV for 1 week (or 6 weeks if the mother received
less than 4 weeks of ZDV during pregnancy) is recommended. Moreover, all HIV-positive mothers are
advised not to breastfeed, and free formula is provided to those who need it for a period of one year.
Uptake of PMTCT services in Thailand is high.
A recent evaluation study reported that 97% of
830

pregnant women received antenatal care, of which
93% received an HIV test; 70% of HIV-positive
women received antiretroviral (ARV) prophylaxis
prior to delivery.13 The study reported a vertical
HIV transmission rate of 6.8% among all cases with
determined HIV diagnosis of infants; a lower vertical transmission rate of 3.9% was found for motherinfant pairs that received the full ARV prophylaxis
regimen in accordance with national guidelines.13
Formula is provided for free under the national
PMTCT program, and formula feeding was reported
to be practiced by 96% of HIV-positive mothers.13
As in most resource-limited settings, infants
born to HIV-positive mothers in Thailand are
routinely tested by standard serology at 12 to 18
months. While the antibody tests are valuable in
identifying HIV-exposed children in need of prophylaxis for opportunistic infections, they fail to
identify HIV-infected infants who would benefit
most from timely initiation of ART. Furthermore,
waiting until the child reaches 18 months of age
to confirm HIV status with serology represents a
long and stressful waiting period for families and
a significant follow-up time for pediatric teams.
Early diagnosis and treatment of HIV-positive
children can reduce early mortality, while early
confirmation of HIV-negative status can reduce
the workload and improve the morale of healthcare workers and in turn increase their willingness
to advocate for greater PMTCT uptake.5,6
In 2006, the Thai national guidelines were revised
to recommend early definitive HIV diagnosis from
eight weeks of age by virologic testing. It is also recommended that all infants born to HIV-positive
mothers receive Pneumocystis carinii pneumonia
(PCP) prophylaxis until confirmation of HIV status,
and that infants confirmed as HIV-positive be initiated on ART within the first year of life. Yet while
the need and potential benefit of early HIV diagnosis was clearly stated and early testing was officially recommended, a gap remained in terms of the
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Technology Transfer and
Capacity Building
Thailand has participated in numerous clinical studies on PMTCT that have contributed to
building the capacity of HIV research facilities
and health-care professionals across the country. One example of this is the international
collaboration between the Ministry of Public
Health, the research consortium Programs for
HIV Prevention and Treatment (PHPT), and the
Faculty of Associated Medical Sciences (AMS) at
Chiang Mai University, which implemented two
major PMTCT clinical trials: PHPT-1, on the efficacy of short- versus long-course ZDV prophylaxis; and PHPT-2, on the efficacy of the addition
of sd-NVP to ZDV for PMTCT.10,11 Through these
collaborative studies, a dedicated HIV molecular
biology laboratory was established at AMS to perform specialized HIV tests, including early HIV
diagnosis of exposed infants, in accordance with
international quality standards.
A key objective of the research collaboration
with Chiang Mai University was capacity building
through technology transfer and education, involving key members of the academic staff and postgraduate students. Early HIV diagnosis of infants
using in-house DNA PCR testing on blood samples
collected on filter paper as DBS is one example of a
successful technology transfer between developed
and developing countries. The three key steps in
the technology transfer process are outlined here.
Step 1: Early diagnosis using Roche Monitor HIV-1
with DBS
As part of the PHPT-2 clinical trial on PMTCT,
the PHPT/AMS dedicated HIV research laboratory was established. Equipment and training on

early diagnosis of HIV using the Roche Amplicor
HIV-1 DNA version 1.5 Test were prepared. From
2000 to 2002, more than 1,400 infants in the study
were tested using blood samples collected on filter
paper or DBS. The research team used DBS rather
than fresh samples in order to bypass the timelimit constraint of fresh samples and to ensure easy
transportation, as the study involved more than
40 public hospitals throughout the country, including sites in rural and remote areas. In this study,
97% of live-born infants had confirmation of HIV
status by six months of age, demonstrating the feasibility of early diagnosis using DBS in Thailand,
albeit in the setting of a very closely monitored
clinical trial.11 However, due to the prohibitive costs
(over US$50 per test) of the testing technology
being employed, the diagnosis tool was not considered affordable for nonresearch settings.
Step 2: Technology transfer of in-house, real-time
DNA PCR technique and validation
The virology laboratory in Necker-Enfants Malades
Hospital in France developed an in-house realtime DNA PCR technique, at a cost of US$15 per
test, which became routinely used for early HIV
diagnosis of exposed infants in France.14 To promote this development, the French National AIDS
Research Agency (ANRS) supported technology
transfer of the technique to interested partners in
developing countries.15
In 2003, with funding from the Franco-Thai collaboration, Sidaction, the PHPT/AMS laboratory
participated in the technology transfer program,
which involved a number of the Thai laboratory staff
being sent to France for intensive training on the inhouse technique and quality controls. To validate the
in-house technique against the Roche DNA test and
ensure its compatibility with DBS, more than 1,300
DBS samples were tested by both methods at the
Chiang Mai laboratory. The tests were conducted
by trained laboratory technicians who were blinded,
pediatric and adolescent hiv care
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availability of feasible and affordable technology to
enable early HIV diagnosis as part of routine care
for all HIV-exposed infants.

and the results were 100% concordant.16 For quality control, the Chiang Mai laboratory participates
in the Virologic Quality Assurance (VQA) program
of the U.S. National Institutes of Health. The inhouse real-time DNA PCR technique was shown to
be equivalent to the Roche DNA test—for less than
a third of the price (US$15 per test), making this
a much more affordable option for Thailand. The
next step was to assess the technique’s feasibility and
acceptability under nonresearch conditions, as part
of standard patient care.
Step 3. Piloting early HIV diagnosis as part of
standard care
With support from Sidaction and the Global Fund
to Fight AIDS, Tuberculosis and Malaria, a pilot
program for free early HIV diagnosis for infants
born to HIV-positive mothers was launched in
35 public hospitals in Thailand that had previously participated in the PHPT PMTCT clinical
trials. As this was a shift from clinical research to
standard care service, the procedures were revised
and data collection was limited to ensure that the
technique was feasible and acceptable to participating sites, while maintaining an emphasis on
timely diagnosis, quality control, and confidentiality, as outlined below.

Program testing schedule
The following testing schedule was established for
participating hospitals:
• Formula-fed infants born to HIV-positive
mothers were tested at 8 weeks of age or as soon
as possible if presenting signs of HIV infection.
• If the infant tested positive, a confirmation test
was immediately requested.
• If the infant tested negative, the second confirmation test was scheduled at 16 weeks of age
(i.e., two months after the first test).
This schedule was justified by the high rate of
compliance with formula feeding in HIV-positive
832

mothers in Thailand and coincides with the routine hospital visit schedule of infants at 8 weeks of
age. This may be adapted for breastfeeding populations, with the first diagnosis at 6 weeks after
weaning, as practiced in pilot programs in Rwanda,
South Africa, and Botswana.6

Blood draw and labeling
Blood samples were drawn by the nurse or laboratory technician into EDTA tubes or by heel prick,
with five drops of blood spotted on the filter paper.
The nurse or lab technician filed within the hospital
records the lab request form, which contained an
identification code, and placed the accompanying
sticker on the DBS. The hospital file was updated
to include records of the date of blood draw and the
name of the child. To maintain patient confidentiality, the DBS sent to the lab was identified by only
the coded sticker, the name of the hospital, and the
date of blood draw. An accompanying information sheet was completed by the physician or nurse
with details of the PMTCT prophylaxis received by
the mother and infant, current treatment, age, and
symptoms based on WHO clinical staging.

Sample storage and transportation
The blood spots were dried at room temperature
and placed in a plastic bag with a desiccant to be
stored at -20°C or in the refrigerator until shipment to the central laboratory in a prestamped
envelope by regular mail. The sample was tested
using the in-house DNA PCR technique. If positive, the result was immediately communicated to
the hospital PMTCT team by telephone (and also
sent by mail), with a request for confirmation testing as soon as possible. Negative results were sent
to the hospital by mail, with a request for confirmation testing after two months. All participating
hospitals were sent supplies of filter papers, forms,
and coded stickers in advance to ensure consistent
availability.
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Phase 1: Laboratory support
In the first year of the pilot program, the objective was primarily to enable laboratory support for
free provision of early HIV diagnosis, with initial
basic training of nurses and laboratory technicians
from participating hospitals. There was limited site
monitoring, and a review of the program results
was conducted at 12 months, assessing the service
uptake, diagnosis outcome, and subsequent followup and treatment of HIV-positive children identified in the program (see Table 1).
Over the 12 months of the program, which
was implemented in 35 public hospitals, a total
of 327 infants were tested, at a median age of
2.4 months (interquartile range [IQR]: 2.4–4.9
months), of which 184 infants (56%) had a second confirmation test. This confirmation rate was
almost half the 97% rate achieved in the PHPT-2
clinical trial,11 which was implemented in the same
hospitals, but with much closer follow-up and
incentives for health-care providers.
The vertical transmission rate among the infants
tested, including both confirmed and unconfirmed
results, was 12.5%, a higher rate than the national
evaluation report of 6.8%.13 There was likely a selection bias, however, as the first year of the program
represented the first opportunity for physicians to
confirm a backlog of suspected cases of children
with HIV disease. A review of the case history of
all HIV-positive infants indicated, as one might
expect, that a majority of mother-infant pairs did
not receive the full PMTCT prophylaxis in accordance with national guidelines: 50% of mothers
did not receive any ZDV and 68% did not receive
sd-NVP; 24% of infants did not receive the infant
NVP dose.17 This suggests that the mothers of most
of the HIV-positive infants were from a vulnerable
population with limited access to PMTCT services,

Table 1. Summary of Pilot Program Results at
12 Months (as of September 30, 2005)
Total number of HIVexposed infants tested

327

Number of infants with
confirmed test results
(% of all infants tested)

184 (56%)

Number of infants who
tested HIV positive
(% of all infants tested)

41
(28 with confirmation
test, 22 with no confirmation test)

Follow-up status of
HIV-positive infants at
12 months of the program
n On ART
n Receiving follow-up
n Lost to follow-up
n Deceased
n Withdrew

6 (15%)
1 (2%)
28 (68%)
3 (7%)
3 (7%)

and, therefore, at high risk of transmitting HIV to
their infants.
In addition, the pilot program highlighted the
challenges in following up with all children for a
confirmation test and care as needed. Of greatest
concern is the high rate of loss to follow-up (68%)
among the 41 infants who tested HIV positive.
Assessment of the program outcome at
12 months indicated a lower than expected testing uptake, relatively late testing, a low confirmation test rate, and a high rate of loss to follow-up.
The program managers, therefore, tried to assess,
at the level of the hospital staff and parents/caregivers, some of the reasons and possible barriers
to accessing the service, in order to adapt the program objectives and activities for the following
year. The feedback gathered from this assessment
highlighted the following key barriers to accessing
early infant diagnosis in standard care:
1. Social barriers (stigma and discrimination):
• “Many mothers will not come back for
confirmation testing. They will have the
pediatric and adolescent hiv care
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baby tested somewhere else.” (health-care
worker)
2. Informational barriers (lack of under
standing):
• “The baby is too young to be tested and
should not have the blood drawn so early.”
(parent/caregiver)
• “We are not ready to know the result.”
(parent/caregiver)
• “The baby seems healthy and doesn’t need to
be tested.” (parent/caregiver)
• “The test is useful for cases we suspect have
AIDS.” (health-care worker)
3. Systemic barriers (legal, financial barriers to
care):
• “What do we do with the positive cases with
no access to ART under the national system
(i.e., non-Thai nationals)? We will need the
treatment for the mother and the child.”
(health-care worker)
The feedback from the sites indicated some of the
reasons why parents or caregivers may not access
the free early diagnosis service for their infants.
These reasons can be related to lack of trust or concerns about confidentiality and stigma, or to lack
of understanding (by both health-care workers and
parents/caregivers) of the potential benefits of early
diagnosis and early initiation of treatment for HIVpositive infants. These findings highlighted the need
for more training of nurses and counselors on preand posttest counseling of parents and caregivers
on the value of using early diagnosis to identify the
children who would most benefit from early initiation of treatment, and the need to reassure caregivers on the confidentiality of the service.
The systemic barrier exemplified by lack
of access to care for HIV-positive mothers and
infants who are not eligible for care under the
national universal coverage system due to legal,
sociopolitical, or economic reasons (i.e., non-Thai
nationals, migrants not registered at a particular
834

hospital, or minority populations) had not been
addressed. When facing such cases, some healthcare workers seemed reluctant to offer the early
HIV diagnosis service, as they believed that no
treatment would be available for the mother or
child if needed.
Phase 2: Community-based program
In response to the findings of the first phase of
the pilot program, additional funding was secured
from the international nongovernmental organization (NGO) Oxfam GB, for a community-based
component of the pilot program, to be launched in
a subgroup of 13 hospitals within the existing network. In addition to the provision of free early HIV
diagnosis for infants, the program objectives were
extended to the following:
• Training health-care providers on the benefits
of early HIV diagnosis for timely initiation of
treatment, pre- and posttest counseling for parents/caregivers, and follow-up for infants
• Information and education for the community
in the form of outreach to vulnerable populations with limited access to antenatal care,
PMTCT, and HIV care programs
• Support for ART for all HIV-positive infants
and their families without access to treatment
under the national program
• Monitoring of sites on a bimonthly basis
All nurses and counselors, including those
experienced in pre- and post-HIV-test counseling,
received intensive training on the specific issues
of counseling parents and caregivers on early HIV
diagnosis of infants. On-site monitoring assessed
the number of HIV-positive mothers delivering at
the hospital to measure the potential uptake versus
actual uptake and to assist in resolving any laboratory or logistics issues at the site.
The second objective of the outreach component
aimed to provide information and education on
PMTCT, early HIV diagnosis, and care of children

From the ground up: Establishing a Framework for Success

after pregnancy, provide peer support, and organize
home visits to support other families undergoing
the PMTCT and early diagnosis process.
In addition, the revised program included the
provision of ART to children and families with
limited access to care under the national health system, for legal or socioeconomic reasons. To date,
a total of four HIV-positive children with limited
access to care (i.e., not eligible for treatment under
the national program) are receiving support for
ART within this program.
After the community-based program had been
in operation for 18 months, a total of 588 infants
had received early HIV diagnosis at 13 hospitals,
at a median age of 2.2 months (IQR: 2.03–3.63).
The vertical HIV transmission rate was markedly
lower, at 5.2% (confirmed and unconfirmed), with
a lower range of age at testing, indicating more
routine use of early HIV diagnosis and a possible
improvement in access to PMTCT. The greatest
improvement was in the follow-up of the 30 HIVpositive cases: 24 children (80%) are on follow-up,
including 4 who are receiving ART within this
program and 16 who are receiving cotrimoxazole
prophylaxis. There were no cases of death or withdrawal (see Table 2).
The overall rate of children (HIV positive and
negative) who returned for a confirmation test,
however, remained at 56%, the same rate as the first
phase of the pilot program. There are many possible
reasons for this situation. Some site staff again have
reported that mothers have gone to other hospitals
for confirmation testing, in particular when the initial test result is positive. Also, it appears that when
the results are negative, caregivers are satisfied with
the results and do not understand the need for confirmation testing. These issues again highlight the
importance of counseling parents and caregivers and
of the potential benefits of the mothers’ peer support network and home visits to assist in following
up with infants undergoing the diagnosis process.
pediatric and adolescent hiv care
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at the community level to target the most vulnerable
populations with limited access to PMTCT.
To help lead and implement the outreach and
education activities at the local levels, Community
Advisory Boards (CABs) were established at all
participating sites. The CABs were composed of
an average of 8 to 10 local volunteers who met
monthly or bimonthly. Local community leaders;
people living with HIV, especially mothers; staff
of HIV-related NGOs; orphanage workers; and
health-care workers were all invited to apply as
CAB members. All members received basic training on HIV disease; HIV prevention, diagnosis,
and care (with a particular focus on PMTCT and
children); confidentiality; and stigma and discrimination. The CABs were then asked to assess the
information needs at the local level and propose
methods to promote awareness of PMTCT, early
HIV diagnosis, and care of HIV-exposed infants.
All proposals were reviewed by an independent
committee, and approved proposals were funded
by the PHPT–Oxfam GB program. Local activities
included information and education efforts targeting key populations such as migrant workers’
groups, housewives’ associations, and local networks
of people living with HIV. In addition, a number of
hospitals extended their trainings on PMTCT and
early HIV diagnosis counseling to include primary
health-care unit staff, in order to enable a referral
system for HIV-positive pregnant women in more
rural settings. Information on early HIV diagnosis
was also incorporated into existing communitybased HIV activities during the local World AIDS
Day events and also in the training of local volunteers
living with HIV. Some hospitals established more
long-term and integrated interventions to promote
the follow-up and support of families undergoing
the early HIV diagnosis process. The hospital HIV
care teams worked with the local networks of people
living with HIV to establish “positive mothers’ support groups,” where women could meet during and

Table 2. Summary of Community-Based
Outreach Program Results at 18 Months
Total number of HIVexposed infants tested

588

Number of infants with
confirmed results
(% of total infants tested)

329 (56%)

Number of infants who
tested HIV positive
(% of total infants tested)

30 (5.1%)
(24 with confirmation
test, 6 with no confirmation test)

Vertical HIV
transmission rate

5.1%

Follow-up status of HIVpositive infants (as of
June 2007)
n On ART
n Receiving follow-up
n Lost to follow-up
n Deceased
n Withdrew

4 (13%)
20 (67%)
6 (20%)
0
0

Conclusion
With expanding access to PMTCT and ART in
resource-limited settings, there is an urgent need
for programs to incorporate services for early HIV
infant diagnosis and care of HIV-exposed infants.
Building capacity for early diagnosis involves
investing in laboratory infrastructure and technology transfers of the most viable low-cost techniques, in order to ensure maximum access for
those in need. As Thailand incorporates access to
early HIV diagnosis under the universal health
coverage system, the in-house real-time DNA PCR
technique on DBS is scheduled to be transferred
from Chiang Mai University laboratory to other
regional laboratories by 2010. A similar scale-up of
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early diagnosis of infants is under way in Rwanda,
Uganda, South Africa, and Botswana.6
While this essential service is increasingly feasible and affordable for resource-limited settings,
bridging the technology gap alone will not ensure
the success of the program. As demonstrated by
this pilot program, laboratory support by itself
does not automatically result in high early testing
uptake, nor does it necessarily result in treatment
initiation for those in need.
To maximize uptake, barriers in the health-care
system, particularly at the parent/caregiver level,
must be identified and addressed. Targeted training of HIV health-care teams is critical—especially
antenatal care nurses and counselors, but also pediatricians—in the context of counseling mothers/caregivers on the importance of early HIV diagnosis and
the benefits of timely initiation of treatment for HIVpositive infants. Active community participation
and leadership can provide powerful mechanisms
to raise awareness of PMTCT and the availability
of early HIV diagnosis, extend the reach of care for
children in the community, and help strengthen and
support networks of affected families.
However, for such a public-health intervention
to reach its full potential impact on the survival
of children born to HIV-positive mothers, early
diagnosis must become fully integrated into the
PMTCT process. This full integration requires that
early infant testing be discussed and planned well
in advance of labor and delivery, while the mother
is pregnant and receiving appropriate ARV prophylaxis for her own health. In Thailand, the
strong commitment and support of the National
Health Security Office in the scale-up and integration of this service as part of standard care may be
the key ingredient for its future success.
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Simplified Approaches to
Pediatric HIV Screening
Anniek J. De Baets,a Jose Ramet,b and Philippe Lepagec
Department of Pediatrics, University of Antwerp, Antwerp, Belgium
Department of Pediatrics, University of Antwerp, University Hospital of Antwerp (UZA) and Queen Paola Children’s Hospital
(ZNA), Belgium
c
Hôpital Universitaire des Enfants Reine Fabiola (HUDERF), Université Libre de Bruxelles, Belgium
a

b

the identification of HIV exposure. Some research
findings have demonstrated differences in health
indicators between exposed, HIV-uninfected children and nonexposed, HIV-uninfected children.
While little is known about possible increased
health risks of exposed, HIV-uninfected children,
having a severely ill parent may already indicate
the need for specific health-care interventions. 3,4
Consistent with discussions about routine HIV
testing in pregnant women, there is an increased
awareness of the need to also pay closer attention to the systematic assessment of the serostatus
of infants and children in high-HIV-prevalence
areas.

Intervention
Since several practical questions from the field
concerning pediatric HIV screening have so far
remained unanswered, we opted for a research
project to investigate opportunities for simplification of pediatric HIV screening and, consequently,
increased access to pediatric HIV/AIDS care.
An exploratory cross-sectional study was
organized in Lubumbashi and Kinshasa in the
Democratic Republic of the Congo (DRC) in
2003. A total of 941 children between the ages of
Pediatric and Adolescent HIV Care
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raditi o nally, access t o
antiretroviral therapy (ART) programs
is linked to an HIV-positive test result.
Especially in rural areas, there is still a high degree
of fatalism in respect to treating HIV-infected children. Challenges in pediatric HIV testing remain
one of the most important obstacles for access to
ART for infants and children—these include the
need for expensive and often unavailable tests for
a definitive diagnosis of HIV infection in infants,
the greater difficulty of performing phlebotomy on
children, and the fear of needle-stick injuries.1,2
We will use the term HIV screening rather than
HIV testing throughout this chapter. The American
Heritage Dictionary provides two definitions of
screening in the medical context: (1) “to test or
examine for the presence of disease or infection”
and (2) “a systematic examination or assessment
to detect an unwanted substance or attribute.”
We prefer the latter definition for a number of
reasons. The determination of the serostatus of
an infant or child is based on not only diagnostic tests but also the medical history of the child
and his or her family, as well as information about
infant-feeding practices. Even if infection cannot
yet be determined, specific care is started based on

one month and 12 years were enrolled.5 The specific goals of the study were as follows:
• To validate the accuracy of the diagnostic
ultrasensitive p24 Ag assay (Up24 Ag assay)
in the case of non–subtype B infection. The
Up24 Ag assay is a type of p24 Ag assay with a
much higher accuracy. It can be used for infant
HIV testing and has less demanding technical
requirements than DNA polymerase chain reaction (PCR). A comparable accuracy for Up24
Ag assay and DNA PCR has been observed in
populations with subtype B HIV.6 Similar findings among non–subtype B populations would
increase the options for infant HIV testing in
countries that have mainly non–subtype B HIV.
• To validate the accuracy of rapid tests in
African children. Previous research in Africa
demonstrated that rapid tests can be used instead
of Enzyme-Linked ImmunoSorbent Assay
(ELISA) tests, but most of these studies did not
include children in their study populations.7,8
• To investigate test performance of rapid tests
on capillary samples stored in EDTA (ethylenediaminetetraacetatic acid) tubes. Use of
capillary samples could simplify phlebotomy
(eliminating the need for venous phlebotomy)
and reduce the cost and required time for HIV
testing (through allowing the use of only the
number of tests required for diagnosis without
the need for a second phlebotomy).
• To investigate the test performance of the
Up24 Ag assay on capillary plasma samples
stored on filter paper. Use of filter paper could
facilitate phlebotomy, storage, and transporta-

tion of samples to a distant laboratory (i.e., no
cold chain would be necessary).
• To assess the accuracy of a negative Determine
HIV rapid test for the exclusion of HIV infection in infants and children. This could help
to reduce the required time and resources for
pediatric HIV care.
• To evaluate the use of Glucolet 2 Combo, an
instrument used in developed countries for diabetes monitoring. Use of this system could help
simplify phlebotomy and thus prevent referrals
from health-care workers who feel ill equipped
to perform venous phlebotomy in children.
The results of a serial rapid-test algorithm on
capillary samples stored in EDTA tubes (using
Determine,a InstantScreen,b and Uni-Goldc) were
compared with the results of a serial reference
algorithm performed on venous plasma samples
from children older than 18 months of age (using
Vironostica,d Enzygnost,e INNO-LIA,f and viral
loadg for HIV-positive samples). In serial testing
algorithms, up to three tests may be performed
consecutively: an HIV-negative diagnosis can be
based on one negative test result; an HIV-positive
diagnosis is based on two positive tests; and if one
of the first two tests provides an indeterminate
result, a third HIV test is necessary to make the
final HIV diagnosis.9,10
For children younger than 18 months of age,
the results of the Up24 Ag assay on frozen venous
and capillary plasma samples, as well as the respective samples on filter paper, were compared with
the results of DNA PCR (confirmed by viral load
test for HIV-positive samples) on dried blood

Determine HIV-1/2, Abbott Laboratories, Tokyo, Japan.
InstantScreen Rapid HIV-1/2, Gaifar GmbH, Potsdam, Germany.
c
Uni-Gold HIV, Trinity Biotech PLC, Bray, Ireland.
d
Vironostica HIV Uni-Form II plus O, bioMérieux BV, Boxtel, the Netherlands.
e
Enzygnost Anti-HIV 1/2 Plus, Dade Behring Marburg GmbH, Marburg, Germany.
f
INNO-LIA HIV, Innogenetics SA, Ghent, Belgium.
g
Viral load test, Cobas AmpliPrep/Amplicor HIV-1 [V1.5], Branchburg, New Jersey.
a

b
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Outcome
This study in 153 Congolese children younger than
18 months (with an HIV prevalence of 8.5%) and
788 children older than 18 months (with an HIV
prevalence of 3.9%) demonstrated the following:
• The serial rapid-test algorithm (using Determine,
InstantScreen, and Uni-Gold) performed on the
capillary samples stored in EDTA tubes from 788
children older than 18 months had a sensitivity
of 100.0% (95% CI, 88.9%-100.0%) and a specificity of 100.0% (95% CI, 99.5%-100.0%). This
is consistent with test performance on venous
blood from adult Africans.7,8
• The Up24 Ag assay performed on 150 frozen
venous plasma samples had a sensitivity of
92.3% (95% CI, 66.7%-98.6%) and a specificity of
100.0% (95% CI, 97.3%-100.0%). The obtained
specificity is consistent with previous research
in mainly subtype-B pediatric populations.6,11,12
(Note: The low number of HIV-infected infants
in this study complicated conclusions about the
sensitivity of the assay.)
• The Up24 Ag assay performed on 87 samples of
capillary plasma stored on filter paper had a sensitivity of 100.0% (95% CI, 56.5%-100.0%) and
a specificity of 100.0% (95% CI, 95.5%-100.0%).
This is consistent with the test performance of
the Up24 Ag assay on venous samples.
• There were no false-negative Determine results
observed either on the venous samples from
116 children younger than 18 months or on the
capillary samples from 788 children older than
18 months, despite the low HIV prevalence and
high heterogeneity of HIV-1 in the Congolese

population. This demonstrates a high accuracy for the exclusion of HIV. (Note: The falsepositive Determine results among children
younger than or older than 18 months were
0.02% and 0.002%, respectively.)
• There were no needle-stick injuries reported
during the study. Glucolets were perceived as
a valuable and user-friendly means to simplify
pediatric phlebotomy and to reduce procedural
pain and occupational risks.13
We will now discuss some technical issues relating to HIV screening in infants and children. This
discussion is based on the practical implications of
our research project in the DRC, observations during clinical work in South Africa and Botswana,
and experience with project implementation in
Zimbabwe.

Potential for Increasing
Pediatric HIV Screening in
Resource-Limited Settings
Clinical Algorithms versus HIV Testing
Because of the operational difficulties in performing HIV testing in infants and children, efforts
were made to identify a pediatric clinical case definition that could replace HIV testing (Tables 1a
and 1b, following pages). The reported accuracy
of rapid HIV tests in children in the DRC study
(sensitivity and specificity of 100.0%) was greater
than the reported accuracy of most pediatric clinical case definitions (sensitivity ≤ 80% and specificity ≤ 99%). Although clinical case definitions
remain highly useful in settings and situations
where it is not possible to perform laboratory tests,
the use of HIV tests is preferred where the option
exists.14 The difference in accuracy between clinical
case definitions and definitive diagnostic tests is
greater in children than in adults. Additionally, in
infants HIV-related mortality may follow shortly
after HIV symptoms draw medical attention (e.g.,
Pediatric and Adolescent HIV Care
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spots stored on the same filter paper (Schleicher
and Schuell, Ghent, Belgium).
A Determine test was also performed on samples from children younger than 18 months of age
(for practical reasons this was done only on venous
samples).

Table 1a. Pediatric Studies Measuring Sensitivity and Specificity of WHO Clinical Case Definition in
African Children

Reference
Müller et al15

Country
and
timing of
research
Uganda
1985–1989

WHO definition
Study
population
Immune
compromising
conditions
Chart
review for
outpatients

Agegroup
0–9 y

Chart
review for
inpatients

n

HIV (%)

Gold
standard

Sens.
(%)

Spec.
(%)

422

49

EIA

56

67

89

51

49

64

Colebunders
et al16

Democratic
Republic of
Congo
1986

Inpatients

1 m–12 y

163

13

EIA, WB

35

87

Msellati et al17

Rwanda
1990

Inpatients

15 m–18 y

465

15

EIA, WB

34

94

Bélec
et al18,19

Ivory Coast
1991–1992

Inpatients
in 1 of the
3 university
hospitals

28 d–15 y

4443

8

EIA, WB

19

98

Jeena et al20

South Africa
1993–1994

Admissions
to Intensive
Care Unit for
pneumonia

1–18 m

159

23

EIA, p-24
Ag

77

84

Bakaki et al21

Uganda
1994–1996

Admissions
for sepsis
and suspected HIV

3 d–18 m

708

19

EIA, PCR

28

98

Yeung et al22

South Africa
1996–1997

Inpatients

0–5 y

281

26

EIA, Ig3,
PCR,
p24 Ag

22

96

EIA=enzyme immuno assay; WB=Western blot; PCR=polymerase chain reaction; ICU=intensive care unit
Source: DeBaets et al.23
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Table 1b. Pediatric Studies Comparing Sensitivity and Specificity of WHO Clinical Case Definition
(WHO) versus a Modified Definition (M)

Reference

Country
and
timing of
research

WHO/M
definition
Study
population

Agegroup

n

HIV (%)

Gold
standard

Sens.
(%)

Spec.
(%)

1 m–14 y

221

15

EIA, WB

41 / 47

92 / 95

Lepage et al24

Rwanda
1986

Inpatients

Otieno et al25
(Nairobi
definition)

Kenya
1992

Inpatients
not on
immunesuppressing
therapy

0–12 y

156

23

EIA, CD4/
CD8 ratio

60 /
80

94 / 79

Chintu et al26

Zambia
1993

Inpatients

>6m

134

22

Rapid
tests, EIA,
WB

69 / 79

64 / 91

van Gend et
al27 validation
of this modified definition
by Joubert
et al28

South Africa
2000

Inpatients
in medical
or intensive
care unit

1 m–13 y

300

31

EIA, p24
Ag

14 / 63

97 / 96

200

43

/ 76

/ 73

Horwood et
al.29
(IMCI/HIV
algorithm)

South Africa
2001

690

29

8 / 67

99 / 81

2002
Pediatric
outpatients
of a district
hospital

2–59 m

EIA, VL

Excluding: studies with a sample size of less than 100.30,31
EIA=enzyme immuno assay; VL=viral load; WB=Western blot; IMCI=Integrated Management of Childhood Illness

Pneumocystis jirovecii pneumonia may be the
first symptom but has a case fatality rate of up to
87%).32,33 The importance of early detection and
commencement of HIV care is thus much greater
in children than in adults. Yet children are different
from adults in that their ability to access HIV care
and the point at which they are seen by a medical
professional are greatly determined by the initiative and the health beliefs of their caregivers.14

Identification versus Exclusion of
HIV Infection
Traditionally, HIV testing has focused on the identification of HIV infection (Figure 1). Consequently,
many health-care workers have felt so overwhelmed
by the cost and complexity of infant HIV testing that
they have ceased attempting to test all children for
HIV. However, for children older than 18 months of
age, rapid tests can be used just as in adults, but they
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Source: De Baets et al.23

HIV-infected child

HIV-uninfected child
Symptoms of HIV-related
conditions (e.g., TB)

Symptoms of HIV
infection

Symptoms not related to
HIV (e.g., fracture)

Caregiver brings child to health-care center
Health-care worker
thinks of HIV

Health-care worker does
not think of HIV

Clinical case definition is positive
or risk factor is identified

Clinical case definition is negative
or no risk factor is identified

HIV test not proposed

HIV test proposed

HIV test not possible

Caregiver present and
agrees to HIV test

Accurate laboratory tests are done and
accurate conclusions are made
Result: HIV

Result: HIV

No post test
counseling
done

Caregiver returns
for posttest
counseling

Treated as HIV-infected child

Treated as HIV-uninfected child

Timely start of HIV-specific
care and treatment

Disease-specific
treatment

Health education and
counseling provided

HIV-specific treatment
accepted and good
compliance

Disease-specific treatment
accepted and good
compliance

Standard care
provided

Safety and efficacy of proposed guidelines
Improved quality of life, reduced morbidity and mortality

Figure 1. Model for operational analysis of routine pediatric care in relationship to HIV/AIDS care
Source: De Baets et al.33
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Increased
access
to care
Prevention of
mother-to-child
transmission
of HIV

Increased screening and earlier referral,
preferably enrollment in pediatric HIV
clinics before being symptomatic
Active screening
among siblings and
follow-up of all
HIV-exposed children

Parent HIV
diagnosis (VCT
or medical
consultation)

Active case finding
among the children

Immunization

Routine offering of
a rapid HIV test

Pediatric
consultation
or admission

Earlier start of monitoring allowing
earlier start of ART and better
ART outcome

IMCI using HIV
algorithm or a clinical
case definition used
during consultation

Child has
few or no
symptoms
of HIV

Follow-up
and nonART HIV
care

Non-ART
HIV
care 
monitoring
the need
to start ART

ART

Age-appropriate
confirmatory
HIV test

Child has
clear
symptoms
of HIV

Figure 2. Proposed algorithm for increased access to pediatric HIV/AIDS care and ART

are still underutilized.1 The results of the study in the
DRC described earlier allow for the simplification of
the use of rapid tests in children.
Shifting the focus to an exclusion of HIV infection in infants and children puts rural health-care
workers in a much more powerful position. The
positive psychological impact of an exclusion
of HIV should not be underestimated. An HIVnegative result may also influence the management
of illness and access to referral hospitals and intensive care units (often there is no access to referral
hospitals in suspected cases of HIV infection). This
approach prevents health-care workers from allocating further time and resources to infants who
are HIV exposed but uninfected.
In the DRC study, there were no false-negative Determine results observed in 788 samples
of children older than 18 months of age. Since
the World Health Organization (WHO) and

most ministries of health in high-HIV-prevalence
countries recommend serial testing, an HIVnegative diagnosis in a child 18 months or older
can be based on a single negative rapid test, costing less than one dollar.9,10 There were also no
false-negative Determine results observed in the
116 samples of children younger than 18 months
of age. According to the Working Group on
Antiretroviral Therapy and Medical Management
of HIV-Infected Children, for an asymptomatic
child between 6 and 18 months of age, an HIVnegative diagnosis can be based on two consecutive negative rapid tests taken within a minimum interval of one month (provided the child
did not ingest any breast milk in the previous
six months).34 Since most seroconversions occur
within six weeks of weaning, WHO recommends
that antibody testing can be used six weeks after
cessation of breastfeeding in children older than
Pediatric and Adolescent HIV Care
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nine months.14,35 In some settings, exclusion of
HIV with rapid tests may be a feasible strategy.

Passive versus Active
Screening for Pediatric HIV
A much more active approach to HIV screening for
infants is warranted given that opportunities exist for
the simplification of pediatric HIV testing and that,
even in the absence of a definitive HIV diagnosis,
clinical decisions can be guided by rapid-test results.
In the traditional model for routine pediatric HIV
care, HIV screening is attempted only after a child
develops symptoms for which medical attention is
sought (i.e., passive screening). The many arrows
that cross the centerline in Figure 1 illustrate the ease
with which children may be misclassified, resulting in HIV-infected children being treated as HIVuninfected children and vice versa. Consequently,
the real pathology may be ignored or mismanaged,
referral for more optimal care at specialized centers
may be deferred, and children may be stigmatized
and even abused because they are perceived to be
HIV infected. While it is important to remain sensitive to the potentially negative consequences of HIV
testing, it is also important to recognize the potential
damage that deferring HIV testing can cause.
To achieve increased access and timely commencement of pediatric HIV/AIDS care and ART,
another algorithm should be followed, as proposed
in Figure 2. Four possible entry points to care are
identified. When children are identified for pediatric HIV/AIDS care during a pediatric consultation or admission, health-care workers should recommend the screening of siblings as well. When
parents are seen for voluntary counseling and testing (VCT) or a medical consultation for signs and
symptoms of HIV, health-care workers should recommend that all of their children be screened for
HIV. When mothers are enrolled in a program for
the prevention of mother-to-child transmission of
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HIV (PMTCT), health-care workers should also
recommend HIV screening for all siblings of the
“PMTCT baby.” Because HIV affects entire families, not just individuals, all family members (and
not merely the partner) should be investigated to
allow for specific HIV care to be given to all those
who need it. This is a similar approach to the
contact tracing that is done after one member of
a family is diagnosed with tuberculosis. Such an
approach may be more efficient and less stigmatizing than focusing on the partner alone. Finally,
contact with health facilities for the purpose of
routine immunization could be better utilized by
emphasizing the possible benefits of HIV testing
during the provision of health education to clinic
attendees. Ideally, a free HIV test should be available to all children at the age of 6 to 14 weeks. But
in the absence of the necessary funds and policies
to offer this service, one positive rapid test at the
age of 6 weeks could identify, in a timely manner,
HIV-exposed children who need specific care and
commencement of Pneumocystis carinii pneumonia prophylaxis.
While improving linkages between PMTCT programs and pediatric HIV care programs remains
crucial, HIV screening in infants may still be a necessary safety net for settings with little to no access
to PMTCT programs, a low uptake of PMTCT, or
a low uptake of antenatal care and/or a high rate of
home deliveries. Some parents may prefer to have
their child tested before consenting to HIV testing for themselves. Finally, it may be necessary to
perform HIV testing on a small group of infants
who display signs and symptoms suggestive of HIV
despite the fact that the mother tested HIV-negative
during pregnancy. Most PMTCT programs test
mothers early in pregnancy. Increased risk for HIV
during pregnancy and breastfeeding may cause
some mothers to seroconvert and transmit the virus
after routine PMTCT testing has been performed.36
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Venous versus Capillary
Phlebotomy

The serial rapid-test algorithm used in the DRC study
had a sensitivity and specificity of 100% in the group
of children studied. Previous studies have demonstrated that serial rapid-testing algorithms have
comparable accuracy to parallel testing algorithms
but are less costly, are less demanding in terms of
technical requirements, and allow same-day receipt
of test results.10 Some resource-limited settings continue to practice parallel testing for fear of lowering
the accuracy of HIV testing. While it is necessary
to have sufficient quality assurance for HIV testing
so that standards are maintained, prevention of staff
burnout and cost savings are equally important factors in achieving universal access to HIV testing for
infants in resource-limited settings.37
For the distribution of rapid tests from the
central level, it is important to match estimations for the required number of rapid tests with
the HIV prevalence in the target group, while
allowing for some spill and up to 5% indeterminate tests. For example, in the case of an HIV
prevalence of 25% in the target population, each
packet of 100 Determine tests may require 30
InstantScreen tests, seven Uni-Gold tests, and
two bottles of chase buffer. In the field, many
problems are caused by erratic distribution and
the procurement of inappropriate proportions
of rapid tests or insufficient amounts of chase
buffer. While a health-care center may perform
only a few rapid tests, it cannot share its bottle of
chase buffer with another health-care center. If
transport problems are expected, it may be more
beneficial and cost-effective to supply rural centers with greater quantities of rapid tests rather
than having a monthly distribution from central
stores, to avoid labor-intensive administrative
procedures and discontinuity of services in isolated settings.

Although the research and experience in the use
of DNA/RNA PCR are still more extensive (as
described in other chapters) than for the Up24 Ag
assay, the latter test may be preferred in some settings experiencing technical or financial constraints.
Several research groups are further investigating the
test performance of the Up24 Ag assay and gaining
experience with the test procedure, yet we are not
aware of any country that has already included this
test in its national policies. Recent findings illustrate
that the Up24 Ag assay can also be performed on
dried whole-blood spots, facilitating its use in centers that do not have a centrifuge (to obtain plasma
samples), and that Whatman no. 1 filter paper can be
used. That paper (as opposed to the Schleicher and
Schuell filter paper) is widely available in Africa.38
Countries that would like to use the Up24 Ag assay
and can organize the necessary logistics for the transport of samples to a distant laboratory and the timely
receipt of test results would thus be able to increase
access to infant HIV testing.
Performing venous phlebotomy on infants and
children can be much more difficult than on adults
and is accompanied by higher risks of occupational
injury (since viral loads in children can be much
higher than in adults).39,40 Traditionally, primary
health-care workers have performed finger pricks
for malaria blood smears using needles or lancets.
This is perceived to be a very painful phlebotomy.
Using Glucolets is less painful and threatening for
the child while reducing occupational risks and biohazard material, since the procedure happens very
fast and the needle is hidden in the top of the pen.
For each child, a new lancet needs to be inserted.
After phlebotomy, the needle disappears again in
the lancet and it is impossible to use the lancet for
another child unless the pen is opened and adapted.
According to the manufacturer (Bayer), a capacity
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of 7,000 finger pricks per instrument could be easily
achieved, making this instrument very cost-effective.
In this way, less skilled primary health-care workers
who are able to perform rapid tests can also perform
finger pricks in children, rather than having to refer
them to the district hospital for venous phlebotomy.
The training of health-care workers in capillary
phlebotomy using a Glucolet does not need to be
time consuming. It is advisable to ask health-care
workers to practice on each other to convince them
of the difference from traditional capillary phlebotomy techniques. Because many children have
traveled a long way before reaching the health-care
center, rehydration before attempting phlebotomy
may be advisable. Soaking the hand in warm water
and observing a downward position of the arm
and hand during phlebotomy are other important
steps to emphasize during training. Small dots on
Determine test strips, caused by blood clots, can be
observed in the case of less experienced phlebotomists, but that phenomenon does not interfere
with the readability of the test results.
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Conclusion
Although providing infant HIV testing in the
majority of remote areas may not yet be feasible,
many opportunities exist to improve access to pediatric HIV/AIDS care through the use of rapid tests
to guide clinical decisions and through improved
linkages between different HIV programs.
Especially for children older than 18 months of age,
there are still many missed opportunities for HIV
testing using serial rapid-test algorithms on capillary samples stored in EDTA tubes. The clinical
care of thousands of children in resource-limited
settings can also be further improved through routinely inquiring about previous HIV testing in the
family and trying to convince clinic attendees of
the benefits of HIV testing during routine health
education sessions.
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Improving Identification and
Follow-Up of HIV-Exposed
Children in Zimbabwe
Agnes Mahomva,a Rufaro Madzima,b and Anna Miller a
Elizabeth Glaser Pediatric AIDS Foundation, Zimbabwe
Ministry of Health and Child Welfare, Zimbabwe

a

Z

imbabwe remains one of the
countries at the heart of the HIV pandemic.
It is estimated that 40,000 children acquire
HIV infection each year in Zimbabwe, with more
than 90% of those infections occurring perinatally.1
Perinatally acquired HIV infection in Africa is
associated with more rapid progression of disease
in a larger proportion of children than in developed countries. The youngest children are at the
greatest risk for rapid disease progression and
death.2 Mortality in children living with HIV could
be reduced through provision of early and appropriate care. Identification of HIV-exposed infants
and children thus represents the first critical step
toward identifying the majority of HIV-infected
infants and children through laboratory or clinical diagnosis, with further targeted management as
appropriate and available.
Yet in practice, ensuring ongoing care and
support for HIV-exposed infants and their mothers following delivery has proven extremely
challenging. Data from a well-resourced and
dedicated mother-infant follow-up clinic in an
urban area of Harare demonstrated that over the
three-year period from 2003 to 2006, only 35%
of babies born to mothers testing HIV-positive

during the antenatal period were enrolled into
review and started on cotrimoxazole prophylaxis
at six weeks of age; less than half of the enrolled
babies were known to be alive and tested for HIV
at 18 months of age.3 A study in Malawi showed
that 90% (n=2,965) of women accessing antenatal
care accepted voluntary counseling and testing
for HIV and approximately one-quarter of those
accepting testing were HIV-positive; yet more
than three-quarters of this cohort were lost to
follow-up by the six-month postnatal visit.4
There are a number of possible reasons for
these shortcomings, but one critical reason may be
that prevention of mother-to-child transmission
of HIV (PMTCT) programs are overly “vertical”
in their implementation. Services for HIV-positive
mothers and their exposed infants need to be integrated across a spectrum of established family and
child health programs, and, when appropriate,
ongoing care should be provided. One important
consequence of poor integration of services in
resource-limited settings is that there is typically
no way for health-care workers to consistently and
effectively identify, over time, mothers living with
HIV and their HIV-exposed infants in need of care
and treatment services. In addition, health-care
pediatric and adolescent hiv care
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workers may not be fully aware of or may not communicate about the available care and support services that are appropriate at various points during
the lifespan of both mother and infant. Women
may face many logistical and financial constraints
in accessing follow-up medical care services at centralized hospital settings and often seek primary
health care closer to home. In addition, women are
often geographically mobile and not aware of or
able to attend scheduled follow-up visits for themselves or their infants at a fixed location.

and infant (for PMTCT), with provision of other
care and treatment services as available. This push
for greater coverage was made to enable women
and infants to receive basic services regardless of
which health facility they visited across the country. The second identified need was to ensure some
form of simple communication within the existing
health system to facilitate access to and provision
of HIV-related health services by women living
with HIV and their HIV-exposed infants attending health facilities.

Description of the
Intervention

Including HIV Information on Handheld
Child and Mother Health Cards

Overall Strategic Approach
Given the scale of the HIV problem and the limited resources available in Zimbabwe, HIV prevention, care, and treatment need to be integrated as
much as possible into the existing health system if
“access for all” is truly to be achieved. Mothers and
children may be extremely mobile in Zimbabwe
for a variety of social and cultural reasons, and the
actual resources available for prevention, care, and
support are limited. Unlike in many well-resourced
settings, there may be limited opportunities for
continued care at a single, dedicated, specialized
clinic, and health systems are not always equipped
to accommodate ongoing, longitudinal care of
individuals.
For these reasons, Zimbabwe’s Ministry of
Health and Child Welfare (MOHCW) identified
two specific needs that would have to be met if
follow-up of mothers living with HIV and their
HIV-exposed infants was to be improved. The first
identified need was the rapid geographic expansion
of services for PMTCT. This was undertaken in an
effort to ensure rapid population-level coverage
of basic services, including, at a minimum, antenatal counseling and testing for women and their
partners and single-dose nevirapine for mother
854

The child health card has a long and accepted history in the Zimbabwean national health system and
among community members. The card has served
as a tool for simple communication on the health
of all children under five years of age. Because of its
established usage, the card was targeted for revision
so that it could be used to identify HIV-exposed
babies to facilitate follow-up and the provision of
needed care and support.
The child health card is a fundamental child survival tool found in many countries of sub-Saharan
Africa. It creates a direct link between parents and
health-care workers through an ongoing record of
the child’s health during the critical early years of
growth and development. It is issued to all children
at birth and represents the primary health record
for the child from birth until five years of age.
Mothers or other caregivers carry the card back
and forth from their home to the health center,
and as such the card serves as a focal point for each
health contact between mother/infant and healthcare worker. In Zimbabwe, there is also an antenatal and postnatal follow-up card that is issued by
the health facility to pregnant women. This card is
used to communicate important health education
messages and facilitate appropriate care during the
antenatal, labor, and six-week postnatal period.

From the ground up: Establishing a Framework for Success

Child Card

Mother Card

Pregnancy

Delivery

Six Weeks
Postpartum

Five Years of
Age (child)

The relationship between these cards and the continuum of care for mothers and children is shown
in Figure 1. Both this card and the child health card
undergo periodic revision at the national level to
ensure that the content remains in line with continuously evolving recommendations regarding
maternal, neonatal, and child health.
Zimbabwe is experiencing a generalized heterosexual HIV epidemic. In this context, MOHCW
decided that an integrated approach to messages
regarding HIV prevention and care should be used
during the next revision of the cards. As part of
this plan, information on HIV would be presented
on the cards and integrated into sections that
would be applicable for both HIV-negative and
HIV-positive people. This was intended to help
minimize stigmatization while also supporting
provision of a continuum of care for HIV-exposed
children and their mothers wherever and whenever they access care. It was critical to ensure that
cards be maintained for all mothers and children,
not just those living with HIV, especially due to
the confusion over messages on optimal infant
feeding that had developed in recent years. It was
therefore necessary to develop simplified, safe,

standard infant feeding messages that could be
applied and disseminated to all mothers and children, regardless of their HIV status. These messages would also reflect the current conditions in
the country to ensure promotion of realistic feeding methods that would be most likely to enhance
the HIV-free survival of all infants and children in
Zimbabwe. (Note: Although both the mother and
child cards were revised, the remainder of this section addresses the child card only.)
The overall objectives of the 2006 version of
the child health card are shown in Box 1 (next
page). For the first time in the history of the card,
information was included on the identification of
HIV-exposed infants. The inclusion of information
about HIV exposure on the child card was expected
to facilitate access to lifesaving care and treatment
for HIV-exposed children in the following ways:
(1) by encouraging health worker identification of
HIV-exposed infants in all clinical settings, including well baby clinics and immunization contacts;
(2) by supporting the initiation and supply of cotrimoxazole prophylaxis for all infants identified as
HIV-exposed; (3) by promoting formal HIV testing
of HIV-exposed infants at the appropriate point in
pediatric and adolescent hiv care
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Figure 1. Handheld record cards and the continuum of care for mothers and children in Zimbabwe

Box 1. Specific Objectives of the 2006 Zimbabwe Child Health Card
n

n

n

n

n

n
n

n

n

To record the medical and social history of the child so as to provide a continuous and permanent record
of the child’s health. Such background information, when a child is sick, is of great value in diagnosis and
treatment.
To record the birth weight, date of birth, mode of delivery, and other key birth data, as they help in determining the child’s ability to adapt to a new environment and develop normally.
To record and promote immunization by marking out the schedule for childhood immunization. This also
provides a reminder to the guardian as to when the next immunization is due.
To assist the child’s guardian in understanding the influence of factors such as food consumption and
diseases on health and to provide a visual record of the child’s nutritional and health status. In this way,
the card contributes to a greater acceptance of responsibility for child care by the mother or guardian and
encourages the concept of family self-reliance in health matters.
To provide health education messages to mothers and guardians, for example, on exclusive breast-feeding,
weaning, and how to prepare salt and sugar solution.
To provide and promote a clearer understanding of the nature of childhood growth and development.
To enable the health worker to assess child growth and interpret it in terms of health status, as well as to
enable the health worker to make decisions regarding appropriate advice for the mother/guardian and how
to make the necessary referrals.
To monitor the growth of children under five years as a means of assessing the quality of nutrition and
health status of the community.
To enable the health worker to identify HIV-exposed infants and offer them appropriate basic care, and to
ensure linkages to other care and treatment services if and when needed.

time; and (4) by encouraging referral to ongoing
care and treatment services for children identified
as living with HIV.
The inclusion of HIV exposure information
on the child card also has the potential to support
mothers living with HIV by (1) enabling the healthcare worker to discuss HIV openly and provide the
mother with ongoing care and support for her own
HIV infection, including screening for treatment
eligibility and referral to appropriate services,a and
(2) inclusion of an image of a breastfeeding mother
and her male partner on the front of the card in
an effort to promote shared responsibility for the
health of the child and support of the mother by her
male partner. It was hoped that this imagery would
encourage men to be more involved in the care of
their families, thereby changing restrictive gender
norms (see Figure 2).

The Revision Process
MOHCW led the process of revision, spearheading participation and consultation with multiple
stakeholders. The first discussions on including
HIV-related information took place at the national
level in 2002, prompted by feedback from implementers involved in the pilot projects for PMTCT.
Implementers had quickly identified the challenges
inherent in providing ongoing care and follow-up
for both women and children identified through
the new PMTCT program.
A national workshop with representation from
all the authorities, each province, and local pediatricians took place in June 2003 to review the
existing card and consider the implications of its
content in light of evolving knowledge, recommendations, and best practices in maternal, neonatal, and child health. At that time, the implications

This represents a very important activity, as there is currently no longitudinal care system in place for
mothers beyond six weeks postnatally.
a
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Figure 2. The 2006 Zimbabwe child health card (front and back panels)
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of the generalized HIV epidemic in Zimbabwe on
routine maternal and child health care were also
formally considered, and a tentative draft of the
new card was developed to include information
and messages sensitive to this context.
Concerns were voiced in consultations and policy-
level meetings with health-care workers regarding
confidentiality and community stigma; discussions
focusing on those issues delayed further action for
some time. Debate continued as to whether a separate card for HIV-exposed infants would be more
stigmatizing and problematic, or whether a “tearoff” section of the overall card should be developed. It was eventually agreed that an acceptability
pretest would be performed with both community
members and health workers using a prototype of
a single, revised card that included HIV information, in an effort to ensure that the card remained
applicable to all children. A final decision would
then be made on the content of the revised card
based on the results of the pretest.

Methodology and Results of
Acceptability Pretesting
MOHCW’s Health Promotion unit led the
pretest, which was designed in collaboration with the National PMTCT (part of the
National AIDS and TB Program), National
Nutrition, Integrated Management of Childhood
Illnesses, Rehabilitation, Expanded Program on
Immunization, and National Reproductive Health
units. The Pediatric Association of Zimbabwe and
the National PMTCT Partnership Forum provided
technical support. Representatives from a support
group of people living with HIV, consisting of men
and women who had participated in PMTCT services in Chitungwiza on the outskirts of Harare,
were included in the team to help design, implement, and document the outcomes of the pretest.
Implementation of the pretest took place throughout December 2004 and January 2005 and looked
858

at both quantitative and qualitative factors related
to the use of the new card.
All sections of the revised card were generally
found to be acceptable and well received by community, health-care-worker, and HIV-positive
participants. All participants were asked whether
anything should be removed from the card.
Significantly more health-care workers than
community members felt the HIV information
should be removed from the card (30.3% versus
13.5%, respectively; P<.005), but among the people living with HIV interviewed, only 6.5% (n=4)
said that the information related to HIV should
be removed.5

Finalization and Launch
of the Revised Card
MOHCW used all the detailed information from
the pretest (regarding both HIV- and non-HIVrelated sections of the card) and stakeholder consultations to modify and adapt the card into its current form. Final approval of the revised card was
received from the top MOHCW leadership. The
card was officially launched June 30, 2006, by the
deputy minister of health at a ceremony in Harare.
The launch ceremony was accompanied by coverage in the state media, including a prominent article in the main daily newspaper announcing the
launch of the new card, with strong statements of
support for the revised card and its contents.6

Procedures to Support Confidentiality
Quality training of health workers and extensive
mobilization and support of communities, along
with careful monitoring of impact, were recognized as important components of the roll-out
process for the revised card. A procedures manual to accompany the new card for the training of
health-care workers was developed with the support of the National PMTCT Partnership Forum
and the Pediatric Association of Zimbabwe. The
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Anticipated Outcomes
The revised child health card should serve as an
important tool for the identification, care, followup, and support of HIV-exposed children. The
card is also an important tool for enhancing overall child health and facilitating access to care and
treatment for women and children living with
HIV in Zimbabwe. The results of the pretest in
Zimbabwe demonstrated a high regard for confidentiality among health workers. That could be a
reflection of health workers stigma regarding HIV,
or, more positively, a demonstration of their inherent understanding of the critical need to uphold
patient confidentiality. When combined with the
high acceptability among people living with HIV,
this high regard for confidentiality inspires confidence that the revised child health card will have a
positive impact in this area. Concerns over stigma
and confidentiality were a key consideration during the revision process, and it will be critical to
explore and address these issues going forward
through ongoing evaluation.

One of the primary impacts of the card to be
monitored is the effect on child health in general
(i.e., infant and under-five mortality rates). Specific
indicators related to HIV-exposed and -infected
children can be collected through the existing health
information system, and it is hoped that improvements in these indicators (e.g., number of HIVexposed infants starting cotrimoxazole, number
of infants exclusively breastfeeding to six months,
and testing for HIV at any age) will be seen. The
number of infants and children formally enrolled
in HIV care and treatment services may also rise
as a result of effective implementation and use of
the card. A study of integrated childhood immunization and HIV-related health services involving
household coverage surveys in two rural districts is
already under way in Zimbabwe. The revised child
health card is being used as one of the key survey
tools. MOHCW is leading this process with technical and financial support from its partners.
Systematic documentation of lessons learned
over time will also be important to consider when
the next version of the card is produced.

Lessons Learned
Issues concerning HIV-exposed children cannot
be dealt with successfully in isolation from their
mothers, fathers, and siblings. The antenatal care
and follow-up card for mothers was revised at the
same time as the child health card and needs to be
used in conjunction with the child card to ensure
optimal care for both mother and baby. Addressing
HIV as a family disease remains an enormous challenge to be tackled by both the health-care system
and communities.
This card belongs to everyone. The process of
revising the child health card was taken very seriously in Zimbabwe. The consultation and development process lasted several years because it was
essential to obtain input from the wider community and agreement from all levels of the health
pediatric and adolescent hiv care
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manual provides updated information on each
aspect of care that should be provided to every
child at every point of contact.7 The section related
to documentation of the HIV status of the child
stresses the importance of obtaining maternal
consent prior to completion of these sections. The
information related to HIV status and care has also
been placed on the card in such a way that when
the card is folded, the information is hidden in the
inside of the card and cannot be viewed by a casual
onlooker. Although stigma is an important issue
that cannot be underestimated, a visible increase
in demand for HIV services in Zimbabwe has been
building over recent years. As such, many felt that
it was the right time for this card to be rolled out
as a key strategy in helping to address HIV-related
stigma once and for all through leadership from
the health sector.

system. The pretest acceptability data were important in helping move the process forward.
The process of updating the existing family
and child health tools (i.e., child health card and
mother’s card) can assist in strengthening general
services. The updating of the cards represents an
opportunity to integrate technical updates for all
programs and to increase communication between
individual departments at the national level. The
tools themselves should ultimately strengthen
family and child service delivery by assisting health
workers to provide integrated, appropriate care to
all individuals, including HIV-exposed children
and their mothers.
The revision process and the cards themselves
represent substantial opportunities for partnership between communities and health systems.
This process offers the potential to enhance the
much-needed continuum of care for all women
and children.
Integrated processes have the potential to
enhance general neonatal and child health by using
disease-specific HIV funds to support basic child
survival initiatives. Training associated with the
revised child health card allows funds or technical support targeted for HIV to be used to assist in
the continuous incorporation of new knowledge
and international recommendations in general
maternal, neonatal, and child health, as well as to
enhance general neonatal care, growth monitoring, and growth promotion at the individual level.
This is a low-cost, low-technology intervention that builds on existing and accepted health
systems. Therefore, it is likely to be highly sustainable in the longer term. Additional “low-tech”
ideas could enhance the simple practice of handheld record keeping and its positive impact on the
provision of appropriate care and treatment for
HIV-exposed children and their families.
Privacy and confidentiality of HIV information are critical issues. All health workers should
860

respect the principles of confidentiality regarding access to any personal health information,
and at the same time should ensure that mothers
and caregivers understand what is being written
on the card and its potential implications for each
individual child and caregiver. The broad task of
breaking down HIV stigma in both the community
and health sector continues.

Recommendations for
Application of Experience
in Other Settings
• Successful identification and follow-up of HIVexposed infants and children requires active
development of appropriate tools and a systemsbased approach to enable a continuum of care.
• The child health card has a long and accepted
history in the Zimbabwean national health system and among community members; it forms
the cornerstone of child health in the nation. A
card like the 2006 card may be highly useful in
other countries with a high HIV prevalence and
limited resources as a tool to assist with the identification and follow-up of HIV-exposed babies.
• The process outlined in this chapter is replicable in countries that already have a child health
card or child health passport in place, and a formal revision process of an existing card could
be defined and embarked upon to update the
card with HIV-related information as appropriate. Countries that do not yet use a child health
card may benefit from reviewing Zimbabwe’s
experiences since 1980, when the card was first
issued, and adapting the Zimbabwe card to suit
their own needs.
• The Zimbabwe experience demonstrates the
importance of a coordinated process led by
MOHCW; that process took a considerable
amount of time and required contributions and
“buy-in” from multiple and diverse stakeholders
to ensure a systems-based (not project-based)

From the ground up: Establishing a Framework for Success

help reduce stigma and enhance prevention, care,
and treatment. However, these approaches need
to be undertaken thoughtfully, with respect for
individual privacy and participation of key stakeholders (including people living with HIV) in the
formulation and implementation of approaches,
along with adequate monitoring of impact.
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approach. Countries undertaking such interventions should aim for a clear participatory
and comprehensive process to aid longer-term
acceptability and sustainability.
• Additional training of health workers accompanied by enhanced understanding of community
members (through better messages and community mobilization with regard to the card)
are absolutely essential if the card is to have its
intended effect.
• Stigma relating to HIV is not a static entity but is
in a state of flux; bold action may be necessary to
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lobally, an estimated 2.1 million
children were living with HIV in 2007. In
sub-Saharan Africa, the region of the world
most severely affected by HIV and AIDS, there
were roughly 1.8 million children living with HIV
(as of 2007), with the majority of AIDS-related
deaths among children worldwide occurring in
this region.1 Antiretroviral therapy (ART) has been
widely available for both children and adults in
high-income countries since the mid-1990s. The
greater availability of ART in these countries has
helped to transform a uniformly fatal disease in
both adults and children into a chronic, manageable condition, and the impact on reductions in
pediatric AIDS mortality in developed countries
has been well documented.2,3
Yet despite the documented effectiveness of
ART in these settings, ART has only recently
become accessible to HIV programs in resourcelimited settings. The national roll-out of ART
in South Africa began in early 2004, with many
other African countries starting programs during or after that time. Many factors contributed
to the delay in ART access in resource-limited
settings, including the high cost of antiretroviral

drugs (ARVs), fears of drug toxicity, and the subsequently discredited belief that people in these
settings are less likely to adhere to medication
regimens. Increasing pressure on pharmaceutical
companies to lower the cost of these life-saving
medications finally resulted in the release of patents to generic manufacturers, making ART more
affordable in developing countries. Yet despite
these advances, many countries are still unable to
afford the cost of medications and rely heavily on
donor assistance to scale up access to treatment
for the general population.
Although most developing countries are actively
rolling out ART, access to affordable, effective
pediatric HIV treatment has lagged behind that of
adults in most countries. Several reasons have been
cited for the delay in scale-up of pediatric ART,
including the following4,5:
• Difficulty in identifying HIV-positive infants
and children and enrolling them in treatment,
which has been attributed to factors that include
poor effectiveness of prevention of mother-tochild transmission (PMTCT) programs (especially in terms of follow-up of HIV-exposed
children); poor uptake of PMTCT programs;
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and separation of PMTCT and other HIV
care services from general primary health-care
services (e.g., antenatal care, TB care, routine
immunization, etc.).
• Lack of knowledge and confidence among
health-care workers to manage pediatric HIV,
which can cause them to avoid testing children
for HIV and treating young patients.
• Limited availability of ARVs in pediatricfriendly formulations, as well as the perception
that ARVs for young patients are more difficult
to prescribe and administer.
• Lengthy process of developing and implementing pediatric HIV guidelines because of
the scarcity of research in pediatric treatment
in resource-limited settings on which to base
policy.
• Absent or excessively rigid guidelines. Although
guidelines are necessary to set norms and standards for management of patients, they may
also become an obstacle to implementation. In
the absence of guidelines, health-care workers
feel uncertain about how to implement treatment. Yet when guidelines are available, their
interpretation may impose rigid limitations,
causing delays and- or difficulties in scaling up
HIV care for children.
Despite these challenges, data emerging from
pediatric programs around the African continent
are very encouraging. In Côte d’Ivoire, a two-year
survival rate of 98% was reported in children with a
CD4 lymphocyte percentage of 5% or more.6 Some
ARV facilities in southern Africa have also published data demonstrating the early benefits of ART
in children enrolled in treatment programs.7-10
The aim of this chapter is to encourage clinicians to become more comfortable with initiating
and managing HIV-positive children receiving
ART, despite the many obstacles and challenges
that are present in resource-limited setting.

864

Paving the Way for an
Effective Pediatric HIV
Care Program
An efficient and effective pediatric HIV care program requires the following core components:
clearly defined goals; sufficient numbers of adequately trained staff; a system for booking patients,
documenting clinical information, and tracking
progress or loss to follow-up (paper or computer
based); a child-friendly environment; equipment
for pediatric care; pharmacy systems that provide
consistent supplies of ARVs and other necessary
medications; staff capable of drawing blood from
infants and children; and a laboratory capable of
performing pediatric investigations with reasonable turnaround times.
Although having all these elements in place
before a program begins is ideal, the lack of any
one component should not prevent services from
being offered. Waiting until everything is in place
may cause unnecessary delays and lead to significant morbidity and mortality. With the minimum
personnel (i.e., a nurse, counselor, and pharmacist or pharmacy assistant) and a consistent supply
of ARVs, a facility should be able to initiate most
children who are in need of treatment on ART.
To properly plan for the provision of pediatric
HIV care, a facility should set targets and timelines in terms of the number of patients it expects
to enroll in treatment. This requires knowledge
of the demographics of the population served by
the facility, including the estimated HIV antenatal
seroprevalence rate and the estimated number of
HIV-positive children. The latter can be calculated
from the antenatal HIV prevalence rates, if available; the number of births in the area; and the estimated rate of vertical HIV transmission, given the
effectiveness and coverage of PMTCT programs in
the area. Comprehensive data on the proportion
and age distribution of vertically infected children
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Staffing Requirements
The lack of human resources for health care represents a crisis in resource-limited settings and
is one of the most significant obstacles to scaling
up HIV-treatment programs.12 The appropriate
staff-to-patient ratio has not yet been established
for adult or pediatric HIV care,13 but it has been
estimated that two physicians, seven nurses, one to
three pharmacists, and a variable number of support staff and counselors are needed to provide
ART for every 1,000 adult patients.14 Although
these targets are far from being reached in most
settings, scale-up of quality care for children living with HIV can and must be achieved. Variables
influencing the number of personnel a facility will
require include task assignments, delivery models, other staff responsibilities, program size, visit
schedule, and level of care provided.
Task shifting, in which nurses or laypeople perform tasks outside of their traditional domains (e.g.,
taking blood samples, providing nutritional counseling, etc.), is one innovative way to address staff shortages. Creative approaches to dealing with increasing
patient loads must be sought for programs to remain
effective. In Uganda, for example, high school graduates receiving an intensive course in HIV management were successfully employed to lighten the load
of more formally trained medical staff.15
Managing HIV infection may require longer
consultations for children than it does for adults
because of more-complex treatment regimens and
the need to consult with caregivers and/or other
family members, as well as the patient. For instance,
experience at the Tygerberg Hospital Family Clinic
(THFC) in South Africa has shown that the average
time a doctor requires to see an adult HIV patient

is 10 minutes compared with 20 minutes for a
pediatric patient (H. Rabie, MD, personal communication, July 2007). Young patients may also have
to visit the clinic more frequently than adults for
dose adjustments due to frequent growth and/or
weight gain.
In many cases, medically stable infants and children can be managed by health-care workers other
than doctors, such as nurses or clinical officers with
a basic knowledge of HIV. Regardless of what model
of care provision is used, family-centered care
should be the goal of any pediatric HIV program.
Health-care workers must always assess treatment
options in light of their appropriateness and accessibility for each patient and the patient’s family.
Pediatric HIV management guidelines (e.g.,
those from the World Health Organization [WHO],
national or regional health authorities, etc.) should
be available at all facilities that provide care to
children. Training should accompany the implementation of any new or updated guidelines. Basic
knowledge of the normal primary care of pediatric patients (i.e., WHO Integrated Management of
Childhood Illness [IMCI] strategy) is a necessary
prerequisite for health-care workers treating HIVinfected children, because common childhood illnesses are seen more frequently in these patients.
Community-based advocates are also essential for
tracking children that require home-based support
or need to be traced for follow-up.

Facilities
Health-care workers should aim to provide a safe and
child-friendly environment for children. Play areas
containing toys and books and cheerful decoration
help to make the facility more welcoming for children and their families. The overwhelming nature of
the adult HIV epidemic can often cause facilities to
overlook or ignore the unique needs of children. Yet
there are some important considerations that must
be made for children attending HIV care facilities.
pediatric and adolescent hiv care
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requiring ART is unavailable in most settings, but
it is likely to be high because of the high morbidity and mortality among children living with HIV,
especially young infants.11

For instance, exposure to harmful organisms may
pose a threat to children grouped with large numbers of sick adults in waiting rooms. If possible,
waiting and consultation rooms for children should
be separate from those for adults. Although effective care can be delivered to both adults and children
in a shared space, sensitive issues should always be
discussed in private, with the family and/or with the
child alone (particularly in the case of adolescents).

Materials and Equipment
Following are some essential items specific to
the management of HIV infection in infants and
children.
• Scales and weight percentile charts. Accurate
sequential measurement of weight is essential
for disease staging, formulating ARV dosages,
and monitoring patient progress. Weights
should be plotted on WHO weight-for-age percentile charts.a
• Tape measures and head circumference charts.
Neurodevelopmental delay is common in HIVinfected infants and is often underrecognized.
Measurement of the head circumference and
plotting on a WHO percentile chart is an important component of the neurological assessment
in children younger than three years of age.
• Stadiometer and length/height percentile
charts. Ideally all children need regular measurement of height/length, but it is not essential
for HIV management. However, in the case of
small infants (i.e., under 5 kg), measuring body
length is essential for calculating body surface
area, a number used in the calculation of dosages for some ARVs.
• Appropriate specimen containers, needles,
and syringes. Taking blood specimens in young
children will require the appropriate needles

and syringes; it may be helpful to use specimen
containers that require smaller blood volume.
Equipment for gastric lavage for TB diagnosis is
also essential. TB specimens should be obtained
in well-ventilated areas, and the person administering the test should ideally wear an N95 disposable respirator.16

Drug Supply
Ensuring a reliable and safe drug supply is one of
the most important tasks in pediatric HIV care.
Reliable procurement and transportation, maintenance of the “cold chain” (for selected ARVs, such
as lopinavir/ritonavir solution, which needs to be
stored at temperatures below 25°C), and proper
storage conditions are essential.
There should be standard operating procedures
in place for tracking and forecasting pediatric drug
needs. Drugs close to expiration should be used
first. Projected requirements for newly enrolled
patients and those already in care should also be
taken into account when orders are placed.

Laboratory Support
Access to special investigations (e.g., HIV DNA
polymerase chain reaction [PCR], CD4 counts,
viral loads) often varies among countries and with
the level of care provided by the treatment facility. Systems should be in place for managing and
tracking both the laboratory specimens and the
results. It is imperative that the turnaround time be
as short as possible for getting specimens to laboratories, obtaining results, and getting results back
to patients. The clinic should develop a system that
reviews results as soon as they arrive and addresses
abnormalities promptly. The laboratory should be
able to inform the clinic immediately of severely
abnormal results.

Can be accessed online at http://www.who.int/childgrowth/standards/en/index.html.

a
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Data Capturing
Systems for booking patients and measuring enrollment and treatment outcomes are essential. Data
systems also assist in identifying problem areas and
predicting future program requirements. The most
basic system is a paper-based register, although
more than one type of register can be in use, such
as those for PMTCT, infant follow-up, PCR, and
ART. Clinics should have access to all the relevant
documentation for each patient. Computer-based
databases may be helpful in settings that can support the intensive technological requirements and
have the necessary capacity for data capturing.

Referral Networks
It is important for clinics to develop direct staff contacts and links with the hospitals they refer to and
with the smaller clinics that up refer to them. Links
with key individuals at various levels of care facilitate
the referral process. District networks and regular
meetings can be helpful in establishing those links.

When to Start
Deciding when to start ART in children requires
weighing the risk of disease progression against the
development of side effects and resistance in light
of the limited availability of pediatric formulations
and other resources. Cohort studies from developed
countries and recent data from the Children with
HIV Early Antiretroviral (CHER) trial in South

Africa indicate that starting ART in early infancy,
regardless of clinical and immunological staging,
is beneficial because it is associated with decreased
mortality and lower rates of disease progression.17,18

Identification and Diagnosis of
At-Risk Children
The success of early treatment depends on an effective PMTCT program that can identify HIV-positive
mothers, can provide optimal ART to prevent vertical transmission, and is linked to an efficient infant
follow-up program that includes early HIV DNA
PCR diagnosis. Health-care staff at well-baby clinics
should be able to offer HIV DNA PCR diagnosis for
HIV-exposed infants who have not yet been tested
through the PMTCT program. New mothers who
may have seroconverted after initial HIV screening
or those who may not have been previously tested for
HIV should also be tested whenever possible; if they
test positive, their infants should be tested by HIV
DNA PCR. Identification of infants acquiring HIV
through breastfeeding must also be considered.
Methods to improve infant diagnosis are discussed in detail elsewhere in this publication.
However, it is important to point out that despite
improvements in testing modalities, children living with HIV often go undiagnosed for various
reasons, including the following:
• The mother fails to enroll in a PMTCT program
and/or refuses HIV testing.19
• The mother seroconverts during pregnancy.20,21
• The mother travels to a facility different from
her antenatal clinic to deliver the baby where
her HIV status is unknown.
• The mother does not give birth in a formal
health-care facility and misses being diagnosed
with HIV and the opportunities for counseling.
• The infant is lost to follow-up.
• The infant’s HIV exposure status is poorly
documented.22
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Clinicians can often proceed with appropriate
care, preparing for and initiating ART in the absence
of results or while awaiting results, based on clinical
parameters. For example, if a child has WHO clinical stage III or IV (moderate or severe) HIV disease,
treatment preparation and counseling for the family
should occur immediately so that by the next visit,
when laboratory results are available, the family
may be ready for their child to begin ART.

• Programs are poorly integrated (e.g., poor links
between PMTCT and pediatric immunization
programs).
• Health-care providers fail to recognize signs
and symptoms of HIV or fail to test children
suspected of being HIV positive.23
It is imperative that all opportunities to identify
and test at-risk infants and children be considered.
Infants and children who should be specifically
targeted include those
• attending immunization clinics in high-HIVprevalence settings,24
• suspected of having or diagnosed with TB,
• with HIV-infected parents,
• admitted to hospitals in settings with high HIV
prevalence,25
• with malnutrition or recurrent minor childhood infections,
• who have been sexually abused, or
• who are orphaned or otherwise vulnerable.
Factors that can assist in increasing the prevention and diagnosis of HIV in infants include
provider-initiated HIV testing for all pregnant
women; repeat testing in late pregnancy; driedblood-spot technology for increasing the ease of
specimen collection from infants; integration of
PMTCT and immunization programs; validation of
rapid tests for use in children26; and standardized
training of clinicians, nurses, and laboratory staff.
Infants and children identified as HIV-positive
require clinical staging and CD4 evaluation. In a
facility with a shortage of physicians, nurses can
be trained to perform such evaluations. Children
should then be followed up with until they qualify
for ART; follow-up should include monitoring of
growth and development as well as regular CD4
percentage assessments.
Morbidity and mortality of children who are
not on ART can be reduced through a number of
simple interventions, including
• cotrimoxazole prophylaxis,27
868

• nutritional optimization,
• aggressive treatment of infections, and
• diagnosis and treatment of children with TB.
TB diagnosis and treatment is an important
component of a successful HIV treatment program
because HIV-positive children are more likely to
develop TB. In addition, TB is often the sentinel
disease with which an HIV-positive child presents
to the health-care facility. Every HIV-positive child
with confirmed TB exposure requires isoniazid
(INH) prophylaxis, regardless of age.28
HIV infection makes TB more difficult to diagnose and reduces the diagnostic value of routine
TB tests. For this reason and because of the recent
increase in multidrug-resistant (MDR) and extensively drug-resistant (XDR) TB,29 programs should
aim to make a bacteriological diagnosis by whatever method possible.

Treatment Initiation
Each of the three major pediatric antiretroviral guidelines, produced by WHO,30 the Pediatric
European Network for Treatment of AIDS
(PENTA),31 and the U.S. Working Group on
Antiretroviral Therapy and Medical Management
of HIV-Infected Children,32 provides a slightly different set of clinical and immunological criteria for
starting ART. Guidelines from the United States
and Europe take into account the viral load. The
WHO guidelines for ART initiation, updated in
2006, are the only international guidelines specifically aimed at programs in developing countries.
In the HIV Pediatric Prognostic Markers
Collaborative Study (HPPMCS), a large meta-analysis
of pooled cohorts of children from the United
States and Europe conducted in the era before ART
became widely available, CD4 percentage and, to a
lesser degree, viral load, were found to be correlated
with risk of clinical progression.33 In this analysis,
absolute CD4 count correlated well with risk of disease progression in children older than four years,
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and more than one-third of the deaths occurred
at home, implying that the health condition of the
children deteriorated rapidly.
The U.S.32 and WHO38 pediatric ART guidelines
were updated in 2008 and now recommend that
all HIV-infected infants under one year of age,
regardless of clinical symptoms, start ART as soon
as possible (Table 1).
Disadvantages of early therapy initiation in
infants include high rates of viral replication and
the potential for early resistance and regimen failure, as well as the potential development of side
effects caused by lengthy exposure to ART.
Clinical Criteria
WHO recommends that children older than one
year of age with moderate to severe disease (clinical stages III and IV) should be initiated on ART
regardless of immunological findings.30 If the stageIII condition is thrombocytopenia, pulmonary TB,
lymphoid interstitial pneumonitis, or oral hairy leukoplakia, the decision to start therapy includes consideration of the CD4 count and/or percentage.
Because the risk of disease progression and death
changes with age, all the guidelines make recommendations for different age groups. PENTA guidelines divide start criteria into four age categories:
infants, 1- to 3-year-olds, 4- to 12-year-olds, and
those 13 years of age and over.31 This categorization becomes complicated for training purposes.
Updated WHO guidelines recommend starting ART

Table 1. WHO Criteria for ART Initiation in Children (2008)
Age
Criteria

Infants
<12 months

CD4 Percentage

12 months through
35 months

36 months through
59 months

5 years or over

<20%

<20%

<15%

<750 cells/mm3

<350 cells/mm3

As in adults
(<200 cells/mm3)

All
Absolute CD4 Count
Source: WHO Technical Reference Group.38
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but was less well correlated in younger children.
Total lymphocyte counts also predicted mortality.34
A similar pooled analysis was performed with data
from resource-limited settings, but only for children
over 12 months of age.35 In this analysis, CD4 percentage and count correlated well with risk of disease
progression; however, total lymphocyte count was
unhelpful. A weight-for-age z (WAZ) score less than
–3 and hemoglobin less than 8 mg/dL were found to
be highly predictive of mortality, regardless of CD4
count. The association between risk of death and
WAZ has been documented elsewhere.36
In all analyses, infants were at high risk for
death regardless of the clinical or immunological
prognostic markers, particularly for those under
six months of age.11,33,37 Data from the CHER trial
clearly document high mortality in young infants
not yet on ART. The CHER trial examined ARV
strategies for infants in South Africa. Infants were
randomized to start ART either before 12 weeks
of age or when they met the WHO CD4 percentage or the clinical criteria for ART initiation. The
Data Safety Monitoring Board recommended discontinuing the deferred therapy arm because of a
75% difference in mortality: 4% in the early starters
versus 16% in the deferred therapy arm.18 Infants in
the early treatment arm began ART at a median age
of seven weeks. All infants in the deferred arm had
a CD4 percentage above 25% on entering the study.
The deaths occurred in the first six months of life
and were not anticipated based on clinical findings;

3Cs4kids HPPMCS Age (years)
2
5
10
(a)

20
10
0

5

10 15 20 25 30
CD4%

Probability (%)

30

0

40

40
Probability (%)

Probability (%)

(c)

(b)
40

30
20
10
0

0

500
CD4 Count

100

150

(cells/mm3)

30
20
10
0

0

2000
TLC

4000

6000

(cells/mm3)

Notes: Estimates in 3Cs4kids applies to a child receiving cotrimoxazole prophylaxis. Risk according to age and (a) CD4%, (b) CD4
cell count, and (c) total lymphocyte count. Curves are truncated at the 5th and 95th percentiles for each age.

Figure 1. Estimated risk of death within 12 months in Cross Continents Collaboration for Kids
(3Cs4kids) study compared with HIV Pediatric Prognostic Collaborative Study (HPPMCS)
Source: HIV Pediatric Prognostic Markers Collaborative Study Group33 and Cross Continents Collaboration for Kids (3Cs4kids) Analysis and
Writing Committee.35

in all infants less than 1 year of age and then have
separate recommendations for children between
1 and 5 years and for those over 5 years of age (see
Table 1). U.S. guidelines take a similar approach.32
It should be noted that clinical criteria for starting ART in children should always take precedence
over immunological criteria.
Immunological Criteria
Immunological criteria for ART initiation also
depend on the age of the child. WHO recommends
ART initiation at the absolute and percentage CD4
values corresponding with the definition of severe
immunosuppression (see Table 1). The U.S. guidelines are similar to those of WHO for immunological criteria,32 but PENTA recommends starting ART
at higher CD4 percentages.31 In general, PENTA
guidelines recommend treatment of children who
have a 5% chance of death and a 10% risk of AIDS
(i.e., WHO stage-IV disease) within the following
year based on the HPPMCS data.33 WHO provides
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guidelines for the use of absolute CD4 count based
on data from HPPMCS when CD4 percentage is
unavailable.39
WHO also provides guidance if no CD4 quantification is possible and recommends using total
lymphocyte count (TLC).30 However, subsequent
data have not validated the use of TLC.35 CD4
percentage ideally should be the investigation of
choice for staging children under six years of age
based on data from a pooled analysis in both developed and developing countries (Figure 1).

Viral Load Measurements
Viral load is used as an additional criterion for the
initiation of ART in developed countries. Viral
load was found to predict disease progression in
the HPPMCS analysis. Viral load monitoring to
determine eligibility for ART is not feasible in
many resource-limited settings. Measurement of
viral load to monitor patient response to treatment
is, however, currently available in South Africa.40
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The presence of a reliable caregiver is critical to
ensuring that the child adheres to the medication
regimen. Living conditions do not always support a
young patient’s adherence to ARVs, particularly in
settings where there are large numbers of orphaned
and/or other vulnerable children or where the
caregiver is HIV positive and has not disclosed his
or her HIV status to other members of the household. Nevertheless, ART can still be successfully
administered through creative planning. Every
effort should be made to ensure that even a child
with no readily identifiable caregiver has access to
ART—for example, by enlisting the help of a neighbor or school teacher.

What to Start
Ideally, treatment combinations for children initiating ART should be selected with the aim of
maximizing adherence and minimizing toxicity.
Excellent virological outcomes are possible for children with good adherence41; ART has been shown
to significantly decrease HIV-related morbidity
and mortality and optimize growth and neurocognitive development in children.42-44
ART regimens for children are often perceived
as being more complex than those for adults for
several reasons, including the following:
• Fewer clinical trials have been conducted in
children than in adults, resulting in limited
treatment options for children.
• Liquid formulations, where available, are often
poorly palatable and may need refrigeration or
administration in large volumes; thus, it may be
difficult for caregivers to transport and administer the medication.
• Often adult tablets are broken or capsules
opened for pediatric use; few solid child-friendly
preparations are manufactured.
• Few fixed-dose formulations specifically
designed for children have been produced to

Box 1. Recommended First-Line Pediatric ART
Regimens (WHO, 2006)
2 NRTIs plus 1 NNRTI:
AZT + 3TC + NVPa / EFVb
d4T + 3TC + NVP / EFV
ABC + 3TC + NVP / EFV
3TC = lamivudine; EFV = efavirenz; NRTI = nucleoside reverse
transcriptase inhibitors; NNRTI = non-nucleoside reverse transcriptase
inhibitors; NVP = nevirapine.
a
Avoid NVP in females >12 years with CD4 <250/mm3
b
Avoid EFV in postpubertal females
Source: Adapted from WHO.30

date.45 Many countries have achieved satisfactory treatment outcomes using adult formulations that are broken into pieces.46,47 However,
this practice carries a risk of overdosing or
underdosing.

Treatment Regimens
A combination of at least three ARVs is the standard of care for first-line ART regimens globally.
It is generally accepted that a combination of two
nucleoside reverse transcriptase inhibitors (NRTIs)
plus a third drug, either a protease inhibitor (PI)
or a non-nucleoside reverse transcriptase inhibitor (NNRTI) is the most effective combination.30-32
Triple-NRTI regimens are less potent.48 U.S. and
PENTA pediatric ARV guidelines recommend
either an NNRTI or a PI as the third drug.31,32 WHO
advocates reserving PIs for second-line regimens
except in infants who are required to start ART
early and have been exposed to NNRTIs as part of
PMTCT, and where PIs are readily available.38
The NRTI backbone recommended by WHO
for use in children is lamivudine (3TC) in combination with zidovudine (ZDV), abacavir (ABC), or
stavudine (d4T) (Box 1). Where available, emtricitabine (FTC) can be used instead of 3TC. 3TC and
FTC have a good safety and tolerability profile.
WHO recommends that programs ensure that at
least two of the other NRTIs are available should
pediatric and adolescent hiv care
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Social Criteria

the need arise to switch because of drug toxicity.30
The PENTA and U.S. guidelines do not recommend using d4T in first-line regimens because of
potential side effects.31,32,49,50
ABC has demonstrated durability and efficacy in
children, particularly in combination with 3TC.51 An
additional advantage of ABC, in combination with
3TC, is that its use reduces the occurrence of thymidine-associated mutations.52,53 Tenofovir, which is
recommended as a first-line agent for adults, is not
currently recommended for use in prepubertal treatment because of concerns of bone demineralization
and renal toxicity. However, data are limited, and
further studies are required to confirm the drug’s
potential pediatric use. Certain NRTI combinations
are not recommended. For instance, ZDV should
not be combined with d4T because the two are
antagonistic. Combining d4T and didanosine (ddI)
should also be avoided because they have overlapping toxicities.
WHO recommends using an NNRTI as the
third drug for first-line regimens in children, apart
from those who have failed nevirapine (NVP)based PMTCT regimens starting ART in the first
year of life.38 Single-dose nevirapine (sd-NVP) for
PMTCT is the standard of care in many countries and can result in high levels of NVP resistance being detected in mothers and babies after
delivery. Almost 50% of infected infants from the
Ugandan HIVNET 012 study were found to have
NVP-resistant virus, although the resistant populations decreased over time.54 In Botswana, infants
who failed PMTCT with sd-NVP were nine times
more likely to have virologic failure when an NVPbased ART regimen was initiated at a median age
of eight months55; however, the number of children
in that study was small. Ongoing studies such as
the Pediatric AIDS Clinical Trial Group (PACTG)
1060 trial and Neverest in South Africa may shed
more light on the impact of sd-NVP on future
treatment options for children.
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Two NNRTIs are approved for use in children,
NVP and efavirenz (EFV); development of resistance mutations to one usually implies resistance to
both. EFV has not been studied in children under
three years of age and weighing less than 10 kg. In
South Africa, EFV is recommended for children
older than three years of age.40 NVP is recommended in lieu of EFV for adolescent girls, because
EFV may have teratogenic effects when used in the
first trimester of pregnancy. NNRTIs are not active
against HIV-2 and subgroup O virus.56
A retrospective review of almost 400 children
from Groote Schuur Hospital in Cape Town, South
Africa, followed over 36 months suggests that PI
regimens may be more effective than NNRTI regimens at achieving virological suppression.57 The
most commonly used PI for children is lopinavir/
ritonavir (LPV/r). Dosing and efficacy data are
available for children as young as four weeks of age
for LPV/r,58 and a solid formulation of LPV/r has
recently been launched that is likely to make dosing for children easier.
There are no good data on what regimens
to use for children who fail PMTCT with ART;
however, some of these children may also harbor NNRTI-resistant virus.59 Concerns about the
potency of NVP in young infants and the fact
that sd-NVP is the standard of care for PMTCT
in South Africa have resulted in South African
national guidelines recommending LPV/r for
first-line therapy in children under three years
old.40 Recognizing that infants who need to start
ART early may have been exposed to NVP as
part of PMTCT, WHO now recommends that in
this situation infants should be started on LPV/r
where available instead of NVP.38 The disadvantages of using a PI for first-line treatment are
that currently no potent second-line regimen
is available should treatment failure occur, and
long-term sequelae of exposure to PIs from early
infancy are not known.
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Dosing
Dosing is based either on body surface area (BSA)*
or weight. WHO has developed a prototype dosing table that can assist with standardization and
calculation of dosing for children.30
WHO and The United Nations Children’s Fund
(UNICEF) have convened a working group to
develop a harmonized strategy to simplify pediatric ART. Although a few fixed-dose combinations
(FDCs) for children have already been developed,
the group is calling for the development of solid formulations that will meet the desired dosing ranges
as set out in the WHO guidelines.30 The FDCs
should be child friendly, readily soluble, crushable
or breakable, and available for the smallest infants.
A single weight-band-based common dosing schedule suitable for all weights and ages of children has
been developed to apply to single-, dual-, or tripledrug FDCs. The numbers of tablets required for
any FDC or single ARV tablet formulation will be
the same per weight band. Urgent attention needs
to be paid to the development of once-daily FDCs
because they are likely to enhance treatment adherence in children.

Tuberculosis Treatment
and ART
In settings where coinfection with TB is prevalent in
both adults and children, drug interactions between

ART and TB treatment are of concern. Rifampin
(RIF), which is a recommended component of firstline TB treatment, is a potent inducer of cytochrome
P450 isoenzyme 3A, among others,60 and can cause
a decrease in the blood concentrations of PIs and
NNRTIs. Rifabutin is recommended as an alternative to RIF because it causes fewer drug interactions. However, rifabutin is costly and not available
through most government-run health programs.
NVP is not recommended for use in conjunction
with RIF because of drug interactions.61
Hepatotoxicity is an issue when either NNRTIs
or PIs are administered with TB treatment. Despite
concerns about inadequate potency, WHO recommends using a triple-NRTI regimen in conjunction with TB treatment and advises against using
boosted PI regimens with TB treatment because
of safety concerns in adults.62 Data from a small
pilot study demonstrated that boosting LPV/r with
additional ritonavir overcomes the effect of RIF.63
Doubling the dose of LPV/r in combination with
RIF-containing TB treatment should be avoided
as results from a pilot study in South Africa demonstrated that a high proportion of children have
subtherapeutic drug levels with this approach.64
Although EFV is recommended for use with RIF,65
there are insufficient data in children, and pilot
data show that dosing of EFV in children, with and
without RIF, may be inadequate.63 The pilot study,
and the general lack of data on drug effects in children, indicate that further research is needed to
address the treatment of HIV and TB coinfection
in young patients.

Monitoring Children on ART
Once ART has been initiated, children need to be
followed up with on a regular basis (most programs
suggest every three months) to monitor clinical,
immunological, and, where available, viral progress

*BSA = square root [body weight (kg) × height (cm) / 3,600]
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Newer PIs (e.g., darunavir) that maintain activity in the presence of high-level PI resistance have
recently been approved by the U.S. Food and Drug
Administration, and dose-finding trials are in
progress for children. New classes of ARV agents
(i.e., integrase inhibitors and CCR5 antagonists)
are currently entering pediatric clinical trials.
These trials offer hope of future potent options for
children who fail PI-based regimens.

and to look for development of adverse events.
According to South African guidelines, immunological and virological assessment should occur every
six months unless the child is ill and requires more
intense management.40
In general, the same profile of toxicities experienced in adults occurs in children, often to a lesser
extent. Monitoring for toxicity is informed by the
side effects likely to occur on a particular regimen
(e.g., if AZT is used, regular blood counts will need
to be done). Acute infections may mimic drug toxicities and should actively be excluded. If caregivers
are well educated about what side effects to expect
in children, it is more likely that their patients will
adhere to the prescribed regimens.
Toxicity reactions may be mild, moderate, or
severe and/or life threatening. If mild, treatment
usually does not need to be changed. Moderate reactions (e.g., lipoatrophy associated with d4T) may
require single-drug substitution, provided there is
viral load suppression. Severe or life-threatening
reactions include lactic acidosis, hepatitis, pancreatitis, hypersensitivity, and Stevens-Johnson syndrome. Should any of these reactions occur, ART
should cease immediately, supportive management
should be implemented, and, when the child recovers, a new regimen should be started without the
drug thought to have caused the toxicity.
Clinicians should be familiar with the presentation and management of toxic events, which are
outlined in the U.S. pediatric ART guidelines.32
WHO guidelines also include helpful guidance
for management of toxicity and provide a toxicity grading system on which to base management
decisions.30

should be considered subsequent to an adequate
treatment period (at least 24 weeks), an assessment of adherence, and confirmation that there is
no untreated opportunistic infection.30 Data from
the United Kingdom (UK) indicate that 22% of
HIV-positive children in the UK currently on ART
required a regimen change a median of seven years
after ART was initiated. There was a large variation
in the time to switching as well as the level of viral
replication before changing therapy.66 Data from
resource-poor settings are limited, although cohort
data from the Western Cape of South Africa showed
that 3% of children initiated on ART and retained
in care required a second-line regimen within three
years of initiation.67
In resource-limited settings, clinicians considering a switch of treatment regimens must strike
a balance between multiple considerations. For
instance, switching regimens early may result in
using all available agents in a short time. Yet persisting with failing regimens will lead to the accumulation of resistance mutations, thereby compromising future treatment options.
Various factors can lead to treatment failure.
Some potential reasons for failure and their underlying causes are summarized in Table 2.
The decision to switch regimens is further complicated by the good clinical and immunological
response many children have in the absence of
complete viral suppression. Second-line therapy
is often more complicated and more expensive to
administer, and the limited number of formulations available for children exacerbates the complexity of treatment.

Switching to Second-Line
Therapy

The choice of drugs for a second-line regimen
depends on drug availability and the patient’s prior
treatment exposure. Undesirable and/or dangerous
combinations should be avoided. Cross-resistance
should be considered as well as the potential for

Despite the proven clinical benefits of ART, finding
durable regimens remains a challenge, and failure of
first-line treatment is not uncommon. ART failure
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Table 2. Reasons for Treatment Failure and Underlying Causes
Reason for Failure

Underlying Cause

Suboptimal plasma levels
of ARVs

n

n

n

n

ART resistance

n

n

n

Inadequate potency of
drug regimen

n

Poor or nonadherence to the treatment regimen.68
Drug interactions—in particular, those associated with antituberculous
therapy.60
Incorrect dosing of ARVs, especially failure of clinicians to adjust the dosing
with increases in weight.69
Genetic polymorphisms and variations in the levels of the cytochrome P450
enzymes; other drug-metabolizing enzymes and transporters are the main
pharmacogenetic sources of intra- and inter-individual variations in drug
metabolism.70
Malabsorption in HIV-positive children.71
Primary infection with a resistant strain of HIV. (Routine surveillance is being
conducted internationally for the prevalence in ART-naive patients.)
Can also occur secondarily to a nonsuppressive regimen; resistance mutations to NVP commonly occur subsequent to administration of sd-NVP to
mother and baby for prevention of perinatal transmission to the infant.54
Infants and young children have very high viral loads. Although the rate of
decline in viral load is the same for children and adults treated with ART,
achieving an undetectable viral load may take longer in children. This prolonged replication of HIV in the presence of ARVs may lead to resistance and
subsequent treatment failure.72
Primary infection with a resistant strain of HIV. For example, mono- or dualtherapy regimens or triple-nucleoside regimens may precipitate the development of resistance.

some drugs to reduce viral fitness in spite of resistance (e.g., 3TC [M184V mutation]). For subsequent changes (i.e., third-line treatment), inexperienced clinicians should consider consulting with
an expert.

Defining Treatment Failure
Treatment failure can be defined as virological,
immunological, and/or clinical, and the three types
of failure usually occur in that order. In countries
with poor access to viral load testing, clinicians rely
on clinical and, if available, immunological determinants to diagnose treatment failure.30

Clinical Failure
According to WHO guidelines, clinical failure
is defined as the development of new events

suggestive of a more severe clinical stage of infection in a child who has been on ART for at least
24 weeks.
Signs of particular concern include the
following30:
• Lack of or decline in growth rate after initial
response on therapy
• Loss of neurodevelopmental milestones or
development of encephalopathy
• Development of opportunistic infections or
malignancies or recurrence of severe infections
There are certain caveats to the diagnosis of failure based purely on clinical grounds. New opportunistic infections and clinical deterioration, particularly within the first three months after the initiation
of ART, may be caused by ongoing immune suppression or immune reconstitution inflammatory
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syndrome (IRIS) rather than failure of ART. In
addition, new episodes of pulmonary TB in highprevalence areas may reflect the high risk of exposure rather than failure of ARVs.
Whether poor clinical and immunological status predicts virological failure in children has yet to
be determined. However, in some cases immunological recovery has not occurred despite virologic
suppression.73 In adults, CD4 lymphocyte count
and clinical disease poorly predicted virological
failure.74,75 When viral load is suppressed but clinical or immunological criteria for failure are met,
switching regimens is inappropriate. Careful clinical review should be performed to establish possible contributing factors. There are no long-term
data to estimate the impact on future treatment
outcomes of waiting for clinical deterioration in
children before switching regimens. The WHO
clinical staging tool for children on treatment also
needs to be validated.30

Immunological Failure
Immunological failure is defined as a drop in CD4
count below age-related criteria to start treatment
after an initial response on ART. However, if treatment is initiated at a normal CD4 count, this level
may not increase, but the normal CD4 level should
be maintained over time. Some children with severe
immunosuppression may not reach normal CD4
levels despite prolonged treatment. Knowledge of
baseline CD4 count is essential when using immunological criteria for the decision to switch therapy.
No decision to switch should be made on a single
CD4 measurement.

Virological Failure
The aim of ART is to reduce viral load and maintain it below detectable levels. In the face of a nonsuppressive regimen, resistance mutations develop
and accumulate over time. U.S. guidelines provide
clear virological criteria for treatment failure but
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maintain a flexible approach to regimen switching,
bearing in mind the limited options for children.32
Despite virological failure, many children may
remain clinically and immunologically well for
some time. As mentioned earlier, the implications
of nonsuppressive regimens are yet to be determined but are being investigated in the combined
PENTA and PACTG trial (PENPACT 1), a phase
II/III randomized, open-label study of combination ARV regimens and treatment-switching strategies in HIV-1-infected, ARV-naive children. The
study is looking at infants and children between
30 days and 18 years of age to assess, among other
things, the long-term effect of switching regimens
when viral load reaches 1,000 copies/mL compared
with 30,000 copies/mL. WHO provides no guidance on virological criteria to switch regimens.

Resistance Testing
Resistance testing is expensive, and although the
U.S. guidelines recommend this testing for all
children failing therapy,32 data from the PENTA 8
study show that the availability of resistance testing
altered NRTI-prescribing practices but not patient
outcomes.76 Despite these findings, the need for
widespread access to affordable technology for CD4
(particularly percentage), viral load, and resistance
testing must be urgently addressed.

Therapeutic Drug Monitoring
Therapeutic drug monitoring is not readily available in most resource-limited settings, and its role
requires further study. However, it may be very
helpful in children in whom drug interaction or
malabsorption is considered the likely cause of
treatment failure.

Adherence
Maintaining children on a treatment regimen on
a lifelong basis is challenging for many reasons.
For instance, children often rely on caregivers to
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reduce the complexity of dosing. Other tools, such
as diary cards, may be helpful but are not essential
in implementing a treatment support program. It
should be noted that viral load is often used as a
surrogate marker of adherence, although few data
support that practice.

Issues for Clinicians
Following the release of the CHER data,18 it is clear
that HIV-infected infants identified in the early
weeks of life should be prioritized for treatment. A
pooled meta-analysis of children on combination
ART from resource-limited settings shows that
mortality is highest in the first few months of ART
and that the risk of death after starting ART is independently associated with younger age, lower hemoglobin levels, and severe immunosuppression.78
A cost-effectiveness analysis comparing prioritization strategies would help programs deal with
resource constraints. Because hospitalization rates
are greatly decreased when children are on ART,79,80
a decrease in hospitalization costs might mitigate
the costs of ART. It may be most cost-efficient to
shift resources to ensuring that all eligible children
receive ART as soon as possible.
Clinicians in resource-limited settings often
must decide whether children living with HIV
should have access to scarce resources such as
intensive care units (ICUs) or ventilation. However,
because HIV has become a chronic rather than a
fatal illness, a child living with HIV should have the
same opportunity of access to the ICU as a child
with any other chronic disorder, such as diabetes.
Initiating children with comorbidities on ART
may require ethical debate, particularly where
resource constraints exist. Each case should be individually evaluated by a care team, preferably including an ethics committee and other key players, before
a treatment decision is made. However, as ART
becomes more widely available and affordable, its
use as a palliative care aid should not be overlooked.
pediatric and adolescent hiv care
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supervise and administer their medication. Many
children have not been told of their diagnosis, and
it is likely that adherence will be more challenging
for children who do not know why they need to
take medication. In addition, when parents themselves are either gravely ill or have died, a child’s
adherence to medication may be compromised by
transitional caregivers unaware of the child’s HIV
diagnosis. The transition into adolescence can also
compromise adherence to medication.
Adherence among children is likely to be
improved by the following:
• Fostering a good provider-client relationship
between the health-care worker, parent/caretaker, and child
• Disclosure of the child’s HIV status when
appropriate
• Caregiver education on pediatric adherence and
ongoing support
• Attending to the health needs of the parent/caretaker and ensuring access to ARVs if required
• Simplification of regimens (i.e., use of FDCs in
pediatric-appropriate dosages and formulations
and switching to solid from liquid formulations
as early as possible)
• Addressing the psychosocial needs of
adolescents
Constant emphasis on adherence by all members of the multidisciplinary care team should be
encouraged. No single adherence tool has been
demonstrated to be superior to others.77 Therefore,
clinics should supply caretakers with several tools
to facilitate adherence and correctly measure liquid medications.
Pillboxes are invaluable for children on solid
formulation and can be used as soon as even one
component has been switched from liquid to solid.
Color-coding of syringes and drugs is helpful for
caretakers, particularly if they are illiterate; uniformity in coding is also helpful. Where available,
pediatric fixed-dose formulations should be used to

Summary
HIV disease in children is a chronic, manageable
condition in all countries with access to ART. To
meet the needs of children living with HIV, facilities must set realistic but ambitious targets and
timelines. Treatment of children must be demystified; there are many parallels to the treatment
of adults, although providers caring for children
should be aware of the particular requirements of
young patients. Lack of the recommended components of care, outlined in various pediatric treatment guidelines, should not become an obstacle
to increasing the numbers of children accessing
care. Small adjustments to patient flow, space, and
equipment, in addition to task shifting, may result
in expanded treatment capacity and better patient
outcomes.
Another urgent need is strengthening PMTCT
programs to prevent new pediatric infections and
identify HIV-infected infants early. Strengthening
PMTCT and the identification of HIV-infected
infants, together with urgent initiation of these
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infants on ARVs in the first few months of life,
is likely to prevent large numbers of HIV-related
child deaths.
Potent first-line and second-line treatment
regimens are available for children, although
many formulations are not child friendly. Many
evidence gaps still exist, and ongoing research
should continue to look at ways to optimize firstand second-line regimens, treatment adherence,
and monitoring, as well as identifying the most
suitable timing for switching regimens. As more
evidence becomes available, programs need to
have the flexibility to make the necessary adjustments as well as the capacity to rapidly disseminate new recommendations.
To achieve rapid scale-up of treatment for children where human resources are scarce, attention
must be paid to simplification of regimens. All
formulations developed for adults must be investigated in children to increase treatment options.
Scaling up ART services for children to meet the
great need that exists is an achievable goal.
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Follow-Up and Adherence
Management for Children and
Adolescents Living with HIV
Dorothy Mbori-Ngacha
University of Nairobi, Department of Paediatrics and Child Health, Kenya

measuring adherence in children is the interviewing of parents or caregivers.

Barriers to Adherence
Despite the critical need for strong HIV treatment
adherence, research indicates that many patients
have difficulty realizing this goal. A meta-analysis
of 59 studies conducted in North America and
Africa reported that only 55% (95% CI, 49%-62%)
of North American patients demonstrated high levels of ART adherence.2 The percentage of African
patients who achieved high adherence was more
favorable, at 77% (95% CI, 68%-85%). However,
this difference could be attributed to the fact that
programs in Africa are relatively new, so patients
have been on treatment for shorter periods of time.
The proportion of adherent patients could decline
over time as patients initiating therapy encounter
the challenges of maintaining long-term adherence. The picture for children was not so optimistic. These same studies reported that 40% to 45%
of children were not adherent to ART. The most
important and prevalent factors that were found to
negatively affect adherence in sub-Saharan Africa
were cost, lack of disclosure of HIV status, fear of
stigma, and complexity of drug regimens.3,4
Pediatric and Adolescent HIV Care

885

pediatric and adolescent
hiv care

A

ntiretroviral (ARV) drugs are
becoming increasingly available to children
in resource-limited settings and have the
potential to greatly improve the survival of HIVpositive children in these settings. A critical factor
in the success of HIV treatment programs, both for
the individual and for the programs themselves,
is adherence to antiretroviral therapy (ART). The
World Health Organization (WHO) defines adherence as “the extent to which a person’s behavior
corresponds with agreed recommendations from a
health provider.”1 HIV treatment adherence levels
that are greater than 95% result in optimal clinical
outcomes and also ensure that individuals are able
to stay on their first-line regimens for longer periods
by limiting the emergence of resistance. Adherence
may be measured either directly or indirectly. Direct
methods of measurement include directly observed
therapy or measurement of the drug or its metabolite in blood or urine. These methods, though most
accurate, are expensive and burdensome to the
patient. Indirect methods, such as patient reports,
pill counts, pharmacy refill data, and the use of
diaries and electronic monitors, though more feasible, are less accurate and more prone to distortion
by patients. The most commonly used method of

Factors influencing adherence in children are
similar to those in adults. However, maintaining
high levels of adherence in children is particularly
challenging due to reliance on adult caregivers.
Unwillingness to disclose the child’s HIV status may
also negatively impact adherence, since children are
totally reliant on an adult to ensure that they take
their medication. If for any reason the adult caregiver is unavailable, such an event would result in
missed doses.5,6 In a Ugandan study, NabukeeraBarungi et al6 reported that children whose caregivers were unwilling to disclose the child’s HIV status
to anyone were three times more likely to be nonadherent to medications (OR 3.4; 95% CI, 1.14-9.82).
Adherence in children, more than in adults, may be
adversely affected by drug-related factors such as
palatability of drugs as well as the type of formulation; young children, in particular, may find it difficult to swallow tablets. HIV disease stage may also
influence adherence. Adherence may be better in
children with more advanced, symptomatic disease.
Nabukeera-Barungi et al6 reported adherence levels
of greater than 95% in children who had been hospitalized at least twice prior to initiation of ART (where
repeat hospitalization may be an indirect measure of
children with more advanced disease).3,7
Special groups of children in whom adherence
management may be particularly difficult include
orphans and adolescents. Experience from treatment programs in Africa indicates that orphans
living with HIV may face unique challenges related
to their care. Due to lack of social services in most
resource-limited settings, these children are often
taken care of by different adult relatives, making
it difficult to provide consistent, ongoing support.
Nyandiko et al8 reported a significantly shorter
duration of follow-up among orphaned children,
as well as poorer long-term weight gain (an indirect measure of response to therapy). This may
point to poorer adherence to follow-up schedules
and possibly also to medications. The management
886

of adherence in adolescents is particularly challenging because of the emotional and psychosocial
issues that are unique to their developmental stage.
There is a paucity of data on strategies for supporting adherence in adolescents in resource-limited
settings. However, peer support groups have the
potential to be a useful approach, since adolescents
value peer relationships the most.
Major barriers to adherence identified in
two qualitative studies conducted in developing
countries are summarized in Table 1. Important
patient-related factors that are relevant to children were fear of disclosure; financial constraints;
difficulties understanding treatment instructions
and the need for compliance; and the presence of
concurrent diseases, including malnutrition. Other
barriers identified related to beliefs about medication, including doubts about efficacy and uncertainty about long-term effects of HIV treatment;
drug side effects; complex regimens; taste, size, and
frequency of dosing; and decreased quality of life
while taking medications or feeling too sick.
At the programmatic level, adherence to medication is influenced by accessibility of services, in
terms of both geographical access and economic
access. Most treatment programs in Africa are
now able to offer treatment free of charge to children. However, access is limited by the fact that
most children reside in rural settings, while pediatric treatment clinics are often located in higherlevel facilities in urban or suburban settings.
Transportation costs may therefore be a major
barrier to the effective follow-up of children in
these clinics. Other program factors that may
influence adherence include commodity security
as well as the effectiveness of the psychosocial
support provided to patients and their caregivers. The patient–health worker ratio in particular
will also impact the ability of a particular clinic to
offer adequate adherence support to patients and
their parents.
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Table 1. Barriers to Adherence from Two Qualitative Studies in Resource-Limited Settings9
Category

Barrier (# of studies reporting)

Patient-related

n

n
n

Beliefs about
medication

n
n
n
n
n
n
n

Daily schedules

n
n
n
n
n

Having a coexisting substance addiction; simply forgetting; financial constraints (2)
Fear of disclosure (1)
Difficulty understanding treatment instructions and the need for compliance (1)
Presence of concurrent diseases or illnesses, including malnutrition (1)
Side effects, real or anticipated (1)
Complicated regimens (1)
Taste, size, and frequency of dosing (1)
Having doubts about combination antiretroviral therapy (ART) efficacy (1)
Feeling fine or healthy (1)
Decreased quality of life while taking medications; feeling too sick (1)
Being uncertain about long-term effects of HIV treatment (1)
Trouble incorporating work and family responsibilities with ART (2)
Transportation difficulties; long distances to receive treatment (2)
Running out of medications or irregular supply (1)
Being away from home (1)
Too busy or distracted to comply properly (1)

Strategies for Improving
Adherence
Numerous interventions to assist patients with
chronic diseases to adhere to medication have
been evaluated. These include the provision of verbal and written instructions regarding their medication, counseling about the disease and importance of adherence to therapy, patient reminder
tools, and simplified treatment regimens. Whereas
these strategies have been used in a variety of settings to improve adherence rates, none has proved
effective in all settings, and the most effective
interventions have been complex in nature, labor
intensive, and costly to the health-care system.
Because adherence is determined by multiple factors, a multifaceted approach to enhance adherence is encouraged.3,10,11 Current strategies advocated by WHO to achieve high levels of adherence
to ART in resource-limited settings focus on
patient education through counseling, enhancing
caregiver support by encouraging treatment “buddies,” and disclosure to other trusted members of
patients’ networks.

Adherence is dependent upon a number of factors that relate directly or indirectly to communication between health-care providers and families
of children in care. Trust must be built between
the health professional and the patient to facilitate
adherence support as well as adherence reporting. In addition, good communication is crucial to
ensure that families are aware of the importance of
taking the medications as prescribed. Good communication requires adequate time, which is often
lacking in busy clinics in Africa. High patient volumes limit the time spent with each patient and
make it impossible to have meaningful interactions
with clients for adherence support. This is particularly true at lower-level facilities with fewer staffing levels. Innovation is therefore required to find
feasible approaches to address the human resource
constraints that are preventing effective adherence
support from taking place. Training of lay counselors and, in particular, people living with HIV who
have successfully been on treatment has been tried
in some programs as a means of improving adherence and will need further evaluation.
Pediatric and Adolescent HIV Care
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Additional strategies to improve adherence
relate to simplification of regimens through the
use of combined fixed-dose drug formulations
to reduce the pill burden. The increasing availability of pediatric fixed-dose combinations will
be of great benefit to children and should be
encouraged by all pediatric programs.12 Practical
aids, including calendars and pill boxes, are also
encouraged based on findings from developedcountry settings where electronic reminders, pill
organizers, and online paging systems have been
used with variable results.10,13-18 These reminder
systems have been developed based on the observation that simply forgetting is one of the most
common reasons cited for missing doses.15 The
medication diary utilizes the same principle and
has been shown to improve adherence to a limited extent in adults.12,16,17 The medication diary
provides patients a chance to monitor their own
adherence during the period between clinic visits
by ensuring that a record of daily performance is
kept. In addition, unlike electronic reminders, the
diary is inexpensive and requires only literacy on
the part of the user, making it attractive for evaluation in resource-limited settings.
At the programmatic level, geographical access
can be addressed by decentralization of the pediatric
care and treatment services to the lowest levels of
the health-care system. However, this decentralization will also require ensuring that these lower-level
facilities have adequate numbers of health workers who have the capacity to provide care to children living with HIV. Programs in Africa that are
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decentralizing services should, at the same time,
establish networks through which mentorship and
ongoing capacity building can be provided to health
workers to strengthen their confidence in providing
care to children. Commodity security within programs is another important factor in ensuring high
levels of adherence to medication. This requires a
well-organized logistics management system that
will ensure that there are no drug stock-outs. And
finally, community-based models for providing
adherence support to children should be explored
as a strategy for long-term sustainable adherence.
Community-based approaches, though more costly,
are the most likely to be successful due to their ability to respond to context-specific needs.
Long-term adherence in HIV-positive children
is an important strategy, both for optimal clinical outcomes at the individual level and also for
the greater good of public health. Partial or poor
ART adherence can lead to the emergence of viral
strains that are resistant to available ARV drugs.
The development and transmission of these drugresistant HIV strains can limit the treatment
options available to newly infected individuals.
Drug-resistant HIV can additionally hamper
the wide-scale provision of treatment within
resource-limited countries by compromising the
use of affordable first-line therapies. As treatment
programs for HIV-positive children are scaled
up, it is crucial that sufficient resources are committed to ensure that these programs are able to
provide adequate adherence support to children
and their caregivers.
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Bringing Children Affected by HIV and AIDS Back from
the Brink: The Maddox Chivan Children’s Center of the
Cambodian Health Committee
Marie-Pierre Fernandez,a,b Sok Thim,c and Anne E. Goldfelda,b,c
The Cambodian Health Committee, Cambodia
The Global Health Committee, United States
Harvard Medical School, Immune Disease Institute, United States

a

b
c

of security and future prospects. These children often must deal with the challenges of
having ill parents or caretakers and experiencing the death of parents and/or siblings,
as well as food shortages and interruptions in
their education.
In creating an integrated model of care, the
MCCC seeks to address the shared problems
of children living with and affected by HIV in
a comprehensive way. The rationale behind
this approach is that a combination of vigorous efforts to address health and nutritional
issues, along with equally strong educational
and social interventions, is necessary in order
for these children to grow into healthy and
thriving adults.

Background
There are an estimated 12,000 children living
with HIV in Cambodia.19 In 2004, approximately 452 children were receiving antiretroviral therapy (ART) nationwide; this number
increased to 1,787 in December 200620 and to
2,372 as of September 2007.21 Access to ART
for children increased significantly in June
2005, thanks to a donation of pediatric antiretroviral (ARV) formulations from the Clinton
Foundation. Scale-up of ART has been facilitated through programs administered by
a variety of international and local NGOs,
including Maryknoll Missionaries; Médecins
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he Maddox Chivan Children’s
Center (MCCC), which opened its doors
in February of 2006, offers a multidisciplinary array of services to children living with
and affected by HIV in Phnom Penh, Cambodia.
Building on community-based approaches
to HIV/AIDS and TB care developed by the
Cambodian Health Committee (CHC), the
goal of the MCCC is to offer medical care and
age-specific counseling that is integrated with
educational, social, nutritional, and psychological interventions. The CHC, a Cambodian
nongovernmental organization (NGO), has
developed its TB and HIV/AIDS programs
with the support of private donations, as well
as grants from various sources including the
U.S. National Institutes of Health; the Japanese
International Cooperative Agency; and the
Global Fund to Fight AIDS, Tuberculosis and
Malaria. The placement of the MCCC program
within the larger CHC program has provided
an opportunity to build upon CHC’s existing
infrastructure and approaches while leveraging private donations received to establish the
MCCC from the Jolie-Pitt Foundation, the
Jeanne and Joseph P. Sullivan Foundation, and
other private donors.
In Cambodia, as in other high-HIVprevalence countries, children who are living
with or affected by HIV often fall victim to
discrimination, disease, poverty, and a lack
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Sans Frontières (MSF); the French Red Cross;
CHC; and the Cambodian National Center
for HIV/AIDS, Dermatology and STD, which
oversees AIDS care in the country.
Despite these advances, only approximately 20% of HIV-positive children in
Cambodia were receiving ARVs as of 2007,20
highlighting the dramatic and continuing
need for expansion of high-quality pediatric HIV care. At the same time, the number
of children who are orphaned and living in
extreme poverty due to the impact of AIDS
upon their families continues to present an
array of social, educational, psychological,
and physical health challenges.19-21 For example, a 2006 survey of children orphaned or
otherwise affected by HIV/AIDS revealed
that the majority of children experienced
“hunger and fear of hunger.”22 These and
other similar findings point to the need for
a more integrated approach to the care of
affected children.

MCCC Vision and Action
The MCCC is built upon a foundation of
13 years of CHC-led care for TB and HIV,
which includes community-based approaches
for outreach, and home-based care and family support, including nutritional support, in
both rural and urban settings. Developed at
the grassroots level by a team of local residents and expatriates, and supported by private donations, the goal of the MCCC program is to provide opportunities for affected
children to move away from the margins of
society through improved health and wellbeing, thereby giving them the opportunity to
become socially and economically integrated,
productive, and healthy adults.
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The MCCC opened in February 2006,
and by 2008, 551 children aged 0 to 16 had
benefited from the program, which provides
medical, nutritional, educational, and psychological support. Of the 551 children who
had attended the program during this period,
200 are HIV-positive, and 214 have lost at
least one parent. The average age of attendees
is eight years, with approximately equal numbers of girls and boys. The program places special emphasis on preschool-age children and
teenagers, since young people at these developmental stages are at particularly high risk;
successful navigation of these periods requires
targeted support in the form of nutrition, education, psychological support, and protection,
in addition to health care. These various forms
of support are being provided by the center’s
multidisciplinary staff, which is comprised of
more than 15 people, including a medical doctor, two teachers, a social worker, a psychologist, and a leader of sports activities.
Children are referred to the program by
local orphanages and NGOs and are also
identified when their adult parents are hospitalized through the CHC-managed TB and
AIDS program in the pulmonary ward of the
Khmer Soviet Friendship Hospital, the largest public hospital in Cambodia. A medical
doctor is on-site at the MCCC and is available
for consultation for all children, regardless of
their HIV status. For HIV-positive children
who are newly diagnosed and are not already
receiving medical care at another facility, consultations are performed by the MCCC doctor, along with a doctor and nurse from the
pediatric service of Khmer Soviet Friendship
Hospital, and with backup support from other
CHC physicians. As of February 2008, there
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The MCCC incorporates a number of different approaches to psychosocial support, such as
art therapy, individual therapy, and peer group
counseling. These activities are particularly
geared toward children facing critical life situations and events, such as abandonment, the
death of caregivers, and domestic violence. The
goal of this psychosocial support is to enable
them to better cope with these traumas and to
decrease the risk of depression.
A particular focus has been placed on
medical counseling for children and parents
about HIV/AIDS and drug adherence. Many
of the HIV-positive children cared for at the
MCCC come from unstable families, live with
aging caregivers (such as grandparents who
may not understand the treatment process),
or stepparents or more distant relatives who
are not invested in or may not pay particular attention to the child’s health issues. To
provide quality counseling and ensure the
best medication adherence, the care team has
developed age-specific developmental-level
protocols and teaching materials (e.g., cartoons, stories, drawings) to educate children
about their treatment, their HIV status, and
the importance of adherence and medical
follow-up.
Social support is also provided to families
and caregivers to increase the program’s positive impact. For example, an immediate intervention is provided for families facing specific
crises, such as the death of a family member,
which can be both emotionally and financially
challenging. In such cases, short-term financial and/or logistical support may be provided
in order to prevent the deterioration of family living conditions, which are often marginal
even before any additional challenges arise.

Pediatric and Adolescent HIV Care

pediatric and adolescent
hiv care

were 35 children receiving their primary HIV
care at the MCCC, and 25 children had been
initiated on ART at the center in accordance
with national pediatric HIV care guidelines.
As of this writing, none of the 19 children
receiving ART from the MCCC clinic who
were followed for a period of 18 months had a
detectable viral load (unpublished data).
Educational support is provided from preschool to grade six and is designed to complement the half-day of public school provided to
all Cambodian children. Nearly all of the children attending the MCCC were found to be
significantly behind in basic educational skills
upon their entry into the program. Many had
been out of school for months or years, and all
of them were at an inappropriate grade level
due to disruptions in their schooling arising
from their own illness or that of their parents/
caretakers. Many attendees were street children
who had been begging or scavenging for food.
The MCCC program has had a positive effect
on the educational skills of children attending
the program. Significant overall increases in
test scores in Khmer language (15%) and in
math (10%) for each grade level were observed,
for example, between October 2006 to July
2007 (unpublished data). In addition, 45 children who were not regularly attending school
were reintegrated into the appropriate grade
for their age. A random assessment among
75 parents/caretakers looking at the program’s
impact on their own and their children’s lives
revealed that 91% of parents observed an
improvement in their children’s school results,
89% believed their children’s behavior had
improved, and 88% noticed an improvement
in communication with their child after they
started the MCCC program.
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The emphasis is on helping the family to maintain stability (such as through the retention of
housing), ensuring that children continue to
attend school, and ensuring that basic daily
living necessities, such as adequate food and
clean water, are available. In 2007, for example,
57 families received support for emergency
housing, funeral fees, schooling fees, clothing,
and transportation.
When caregivers such as HIV-positive,
widowed mothers have accessed treatment
and are medically stable, the MCCC social
team will assist them with job placement or
will help them to develop a small business
through training and small loans. The center
also assists these women by providing a safe
haven for their children during the day. This
gives them time to reorganize their lives and to
look for work without having to worry about
the safety of their children.
Other activities such as art, sports, life-skills
workshops, computer and English classes, and
museum field trips are included in the program to expose the children to other activities
and environments. Lunch and a morning and
afternoon snack are provided to all children in
attendance and to any family member who is
at the center.

Lessons Learned
The overall success of the MCCC model is
evidenced by improvements in children’s
health status, including demonstrable
decreases in patient viral load and increases
in total lymphocyte percentages. Other positive outcomes include improved nutrition,
educational performance, and behavior, and
increased requests for children to attend the
program.
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Our experience demonstrates the
following:
• Medical consultation, social support, and
psychological counseling are all critical,
interdependent activities to address the
multitude of issues facing children living
with or affected by HIV.
• When children are hospitalized, provision
of food is particularly important. We have
found that many children who were hospitalized and extremely sick were refusing to
eat. The inclusion of nutritious and appetizing food in their medical plan has been a
positive contribution.
• The follow-up of HIV-positive children
is facilitated by a structure that involves
routine attendance by the child for a variety of nonmedical activities. Such a model
decreases patient and caretaker stress
associated with medical consultations and
allows staff to be quickly alerted to any
problems (e.g., a child’s extended absence
from the program) that may impact treatment adherence, as well as any social or
medical situations affecting the child or
caretaker; the ability to observe problems
as they occur allows team members to
intervene in a timely fashion.
• Medical counseling is particularly important
for children who come from families that are
experiencing multiple social and economic
problems. Materials and concepts traditionally used for adult HIV/AIDS counseling are
not generally appropriate for use with children. For example, disclosure of HIV status
is a very different process for adults as compared to children. For adults, disclosure is
often the starting point for treatment. For
children, disclosure is a long-term process,
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increased. This vulnerable group requires
specialized approaches to help them make
a successful transition to adulthood. Sports,
art, life-skills workshops, field trips, and
vocational training, as well as peer support,
are all helpful in this regard.
• Given proper support for families and
caregivers, orphaned children are able to
remain in their homes and can achieve
long-term treatment success.
• Networking with existing pediatric health
services increases capacity to treat children
living with HIV in a sustainable way. Also,
linking the MCCC to existing TB and HIV/
AIDS services in a major urban ward for
adult HIV/AIDS and TB has been an effective way to identify at-risk children who
can benefit from the services provided at
the center.
• When services are offered, children and their
families are anxious to take advantage of
them and have demonstrated that they can
achieve impressive gains in the medical, educational, and behavioral status of children.
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with the goals of helping the children to
cope with their disease while developing an
identity in the context of their chronic illness
and helping them become active partners in
their own treatment. Thus, counseling must
be adapted to meet the needs of each child’s
developmental and cognitive stage.
• Children living with or affected by HIV often
suffer discrimination, malnourishment,
interruption of school attendance, and the
death of family members, with their identities strongly influenced by these experiences.
At the MCCC, children are considered first
and foremost as children and are not defined
by their diagnosis or by the fact that HIV/
AIDS has touched their family. Our experience suggests that this approach helps to
overcome problems of self-esteem and to
restore children’s self-confidence. In other
words, the center is a place where children
have the opportunity to be like other children
among peers who share similar difficulties.
• With better access to treatment, the number
of surviving teenagers living with HIV has
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Nutrition, HIV, and Antiretroviral
Therapy in Infants and Children
Katherine A. Krasovec,a Wafaie Fawzi,b and Nigel Rollinsc,d
PATH, United States
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c
University of KwaZulu-Natal, South Africa
d
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T

he goal of nutritional care
for HIV-affected infants and children (up
to the age of 14 years) is to improve clinical
outcomes as well as to prevent and/or treat underlying or HIV-associated malnutrition. These clinical outcomes include HIV-related symptoms and
disease progression, other non-HIV morbidities,
infant and child growth, and normal activity (e.g.,
school attendance), as well as survival. Appropriate
actions to achieve said outcomes include nutritional
assessment and counseling, as well as support for
the mother or primary caregiver. All actions should
address the overall quantity and quality of macroand micronutrients in the diet or supplements to
augment the diet and meet nutritional requirements.
Responsive feeding and caring behaviors (for well,
sick, asymptomatic, and symptomatic children) that
have been found to be useful in clinical and home
care of both HIV-negative and HIV-positive infants
and children should also form part of the prevention
and treatment plan. Improving access to food, social
grants, and community support as well as other nonnutritional interventions such as exercise, hygiene,

and deworming can improve nutritional status and
thereby quality of life.
Malnutrition increases the likelihood of child and
infant death and is associated with more than half
(54%) of all childhood mortality in resource-limited
settings.1 For this reason, establishing and maintaining appropriate and adequate diets and micronutrient status for children living with or affected
by HIV in these settings is imperative in order to
prevent malnutrition, common childhood illnesses,
and opportunistic infections, as well as to support
continued growth and development. Other preventive measures that can improve the health status of
children affected by HIV include basic childhood
immunizations; hand washing and general hygiene
by caregivers; routine cotrimoxazole; and periodic,
routine well baby care. For children on antiretrovirals (ARVs), appropriate and adequate nutrition
is needed to achieve the full benefits of therapy.
Nutritional care (with or without food and micronutrient supplements, depending on local needs)
should be included as a critical component of the
essential care package for HIV-affected children.
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Nutrition and HIV/AIDS
in Children from Birth
to 14 Years
There is a paucity of information from carefully
conducted research studies on pediatric HIV
disease progression and treatment in resourcelimited settings. A 2005 study in Tanzania found
that HIV infection was a strong determinant of
mortality among children six months to five years
of age who were hospitalized with pneumonia,
and that undernutrition (i.e., wasting and stunting), anemia, and inadequate water supply contributed significantly to infant and child mortality, independent of HIV infection.2 Studies in
resource-limited settings have shown that infant
and child mortality are independently associated
with maternal HIV status and maternal death, and
that HIV-positive children have up to a fourfold
increase in mortality by two years of age compared to their HIV-negative counterparts.2-4 The
types of morbidities observed in HIV-positive
children in resource-limited settings are similar
to those seen in HIV-negative children; however,
the rates, severity, complications, and recurrence
of morbidities are all greater among children living with HIV. There is also some evidence that
progression to AIDS may be more rapid among
children living in resource-limited settings.3
The implication of these and other data is
that routinely monitoring something as simple
as weight is a valuable way of monitoring disease progression in HIV-positive children. In
resource-limited settings, studies of the relationships between nutrition and HIV disease
are complicated by absolute food insufficiency
or minimal dietary diversification, as well as a
much greater burden of infectious diseases than
exists in better-resourced settings. Yet despite
these challenges, a number of studies have demonstrated a link between nutritional care and
improved health outcomes among children living
898

with HIV. A 2002 controlled clinical trial in
Tanzania found that vitamin A supplementation
improved the weight and length/height of infants
six months to five years of age infected with HIV
and malaria, and decreased the risk of stunting associated with persistent diarrhea.5 Several
recent reviews suggest that provision of micronutrients and routine nutritional counseling,
care, and supplements (with or without antiretroviral therapy [ART]) could significantly reduce
pediatric HIV-related morbidity and mortality.
However, most reviews are based on trials and
well-conducted studies among adults. For children, there is limited evidence to support micronutrient supplementation, with the exception
of vitamin A. Studies also suggest that routine
nutritional (anthropometric) and neurodevelopmental assessments are useful in determining the
appropriate initiation, management, and monitoring of ART.3,6 Insufficient intakes of energy
and micronutrients have their own detrimental
impact on immune function independent from
HIV infection, and the positive impact of food
or micronutrient supplementation on immune
function will be more significant in HIV-positive
individuals having a nutritionally deficient diet.
In summary, while little research has been done
on the specific benefits of nutritional care and
supplementation in children living with HIV,
existing data suggest that the health of these
children would benefit from proven nutritional
support interventions. This is reflected in the
2007 World Health Organization (WHO) guidelines for nutritional care for HIV-positive children aged six months to 14 years, which recommend early advice and active support to ensure
that adequate energy, protein. and micronutrient intakes are met at all stages of HIV disease,
despite the fact that research has not been conducted to demonstrate that early nutritional support delays the progression to AIDS.7
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The pattern of weight and height recovery in
HIV-positive children is dependent on many
things. Linear growth is not only dependent on
nutritional factors but may also be impaired by
changes in growth-hormone receptor sensitivity.
Acute inflammatory proteins from whatever cause
can also impair linear growth even if there is adequate energy and micronutrient intake.
It is common for HIV-positive children to have
low blood levels of micronutrients, which reflects
poor nutritional status and also the effect of acute
inflammatory proteins. Children whose HIV disease is advanced are often severely malnourished,
with poor muscle mass, low fat reserves, and low
levels of all vitamins, minerals, and other essential
trace elements. When ART is initiated in these children, the children’s appetites tend to increase dramatically, with resulting improvements in weight,
growth development, and function (such as school
attendance) as well as life expectancy.7 Adequate
nutritional intake does not guarantee nutritional
recovery, even in the presence of ART.
Common problems in HIV-positive children
that can complicate pediatric nutrition and health
care include diarrhea; nausea; vomiting; poor appetite (anorexia); difficulty eating during or after an
illness; a sore mouth or throat caused by thrush,
herpes, infections, or other conditions; and changes
in the taste or texture of foods or food cravings due
to illness or side effects of medications. Anorexia is
likely to be an effect of acute inflammatory proteins
on the appetite center; therefore, when tackled via
antibiotics or ART, appetite improves. HIV-positive
children, like their adult counterparts, often experience a large increase in appetite when initiated on
ARVs—which is a positive outcome, particularly in
resource-limited settings where anorexia may be a
major cause of malnutrition even in HIV-negative
children. An increased appetite can, however, create enormous demands on caretakers, since children are dependent on others for food acquisition,
pediatric and adolescent hiv care

899

pediatric and adolescent
hiv care

A study of growth patterns among HIV-positive
children in Europe demonstrated that, even in a
high-resource setting, growth faltering is apparent.8 HIV infection affected both weight and height
(although weight differences were more pronounced), and overall differences between HIVpositive and HIV-negative children increased with
age. Children with more advanced HIV disease also
had much poorer growth at all ages.8 In the United
States, neither prematurity nor low birth weight
is associated with perinatal exposure to HIV,9 but
there is evidence from resource-limited settings that
these outcomes are affected by the HIV status of the
mother. Growth failure and other nutritional problems have been documented in HIV-infected infants
(or infants of HIV-positive mothers) from many
resource-limited settings (the Democratic Republic
of the Congo, Kenya, Malawi, Rwanda, Tanzania,
and Uganda), with reports of low birth weight, prematurity, intrauterine growth retardation (IUGR),
stunting, underweight, and wasting.2,4,10,11
Common nutritional problems for HIV-positive
children include poor growth compared to peers
and a higher risk of becoming malnourished.
Reductions in length or height of HIV-positive children are common, and poor growth (slow weight
gain or decreasing weight) is often apparent even
before opportunistic infections or other AIDS symptoms appear. When children living with HIV infection become malnourished, they tend to lose more
muscle compared to malnourished children who are
HIV-negative.7 These nutritional outcomes, while
important in themselves, can also lead to increased
risk of common morbidities and mortality. A
1995 study in Malawi found that the most frequent
causes of death for HIV-positive children were diarrhea, pneumonia, and failure to thrive.4 It is unclear
whether growth retardation is an aggravating factor,
a consequence (and thus a possible marker) of pediatric HIV disease progression in resource-limited
settings, or both, as part of a vicious cycle.

Table 1. Daily Energy Needs of Children from 6 Months to 14 Years of Age, by Age, Nutritional
Status, and HIV Status
Age

HIV-negative

kcal/daya

HIV-positive
Asymptomatic:
10% additional
energy (kcal/day)

Poor weight gain or
other symptoms:
20% additional
energy (kcal/day)

Severely malnourished
(post-stabilization):
50%–100% additional
energy (kcal/kg/day)

6–11 mos.

690

760

830

150–220

12–23 mos.

900

990

1,080

150–220

24–59 mos.

1,260

1,390

1,510

150–220

6–9 yrs.

1,650

1,815

1,980

75–100

10–14 yrs.

2,020

2,220

2,420

60–90

 ased on average of total energy requirements for light and moderate habitual physical activity levels for girls and boys by
B
age group.
Source: Adapted from WHO12 and Joint Food and Agriculture Organization of the United Nations.13
a

preparation, and feeding. This is particularly true
for young children. Caregivers need support in recognizing and responding to this increased appetite,
which should target the recovery period after acute
infections to increase nutritional intake in order to
recover lost weight and lean body tissue.
Maternal health, including depression and acute
illness in HIV-positive women, may impact mothers’ ability to provide appropriate nutritional care
to their children. If primary caregivers have time or
other constraints, other family members may need
to assist in acquiring and preparing food and feeding children to ensure that they receive appropriate
amounts of the right foods. Frequent illnesses in
HIV-positive children will also increase the need
for additional energy, micronutrients, and care in
order to prevent growth faltering or to allow them
to regain weight after acute illness. Increased nutritional resources are required to increase catabolism
during infection, to fight infection, and to support
the overall immune response.
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Nutritional Requirements for
Children Living with HIV
When a child is determined to be HIV-positive,
certain dietary approaches are recommended that
reflect the current evidence base. HIV-positive
infants and children have increased nutritional
requirements compared to HIV-negative children
of the same age. Requirements will vary according
to nutritional status, age, HIV-related symptoms,
and comorbidities. Additional energy requirements for HIV-positive children can range from
a 10% increase per day for asymptomatic children
who are well nourished, to a 20%-30% increase
for HIV-positive children with poor weight gain
or HIV-associated conditions such as chronic lung
disease, malignancy, or, especially, concurrent
TB, to a 100% increase for severely malnourished
infants (whether or not they are on ARVs). These
energy requirements are summarized in Table 1.
Protein should contribute 10% to 15% of total
energy intake.
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Special Considerations for Children 0 to
24 Months
For children younger than two years of age born to
mothers known to be HIV-positive, recent WHO
guidance on infant feeding16 recommends that feeding options and local recommendations should
be governed by infant and child survival, and not
just avoidance of HIV transmission (i.e., HIV-free
survival). Exclusive breastfeeding or, when AFASS
(acceptable, feasible, affordable, sustainable, and
safe), exclusive replacement feeding (using commercial infant formula), are the recommended options
for the first six months for infants of HIV-positive
mothers. The choice between these two options
should be made based on a thorough assessment of
the mother’s individual and family circumstances,
and in addition, consideration of the availability
and quality of local health and counseling services.
Mixed feeding should be avoided in infants less than
six months of age.
Infants (0 to 6 Months)
Young infants who have been identified as HIVinfected need the immune and nutritional protection that breastfeeding affords. HIV-infected
infants who are breastfed display better growth
and survival than formula-fed infants, and the risk
of reinfection with additional strains of HIV during breastfeeding is extremely low.16 In resourcelimited settings, the vast majority of infants of
unknown status born to HIV-positive women will
be breastfed. For these infants, WHO recommends
exclusive breastfeeding for the first six months to
minimize risk of HIV transmission and increase
survival, with complementary feedinga to be introduced according to national recommendations for
the general population.

Complementary feeding is defined as the process starting when breast milk alone is no longer sufficient to meet the nutritional
requirements of infants, and therefore other foods and liquids are needed, along with breast milk. The target age range for complementary feeding is generally considered to be 6 to 24 months of age, even though breastfeeding may continue beyond two years.17

a
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Micronutrient supplementation studies to date
among HIV-positive children are limited to vitamin A, and one study about zinc.5,14 Due to the
limited availability of data, WHO guidelines7 recommend providing the same additional micronutrients to HIV-positive children as those recommended for daily intake in HIV-negative children.
These guidelines also state that in settings where
diet typically lacks adequate diversity, a minimum of one recommended daily allowance (RDA)
should be provided to HIV-positive children; this
often necessitates micronutrient supplementation,
such as a daily multivitamin.
Recommendations for specific micronutrient
supplementation in the general pediatric population (that also apply to HIV-positive or HIVaffected children) include routine vitamin A supplementation every six months (100,000 IU for
children 6-12 months and 200,000 IU for children
12-59 months). Vitamin A given to HIV-positive
children reduces morbidity and all-cause mortality,5 and therefore regular vitamin A supplements
are justified. Determining the benefits of iron
supplementation is somewhat more complicated,
and the most recent WHO guidelines7 suggest that
iron should only be given to HIV-positive children if there is an indication of iron deficiency.
South African guidelines for the management of
children living with HIV15 recommend one course
of empiric iron without formal iron assessment
studies, with subsequent referral for additional
care and supervision in cases of persisting anemia.
Micronutrients are also useful as part of treatment
protocols for specific disease episodes (e.g., vitamin A as part of treatment for diarrheal disease
and measles, zinc supplementation during diarrheal disease episodes).

In cases where it is AFASS for an infant to be
replacement fed, commercial breast milk substitutes (formula) are recommended over diluted animal milks or other replacement feeding options,
due to the complexities of meeting the nutritional requirements of young infants who are not
breastfed.16
Infants and Young Children (6 to 24 Months)
Continued breastfeeding combined with complementary feeding from six months to at least two
years of age is the general recommendation for
optimal infant feeding practices for children in this
age group, including infants of mothers who are
HIV-negative or of unknown status.
Infants and young children of HIV-positive
mothers who are 6 to 24 months of age who were
breastfed in the early months should continue to
be breastfed until replacement feeding meets the
AFASS criteria. Replacement-fed infants of HIVpositive mothers who are 6 to 24 months of age
should continue to be replacement fed with commercial infant formula until at least 12 months of
age, ideally up to 2 years. Complementary foods
should be introduced starting at 6 months of age
for all children (breastfed and nonbreastfed) to
meet the additional nutritional requirements of
children at this age.17
Older Children
Currently there is little information on the nutritional management of older children from 6 to
14 years of age. Evidence and guidelines for preventing and managing malnutrition in this age
group come primarily from data on children from
birth to 5 years of age.
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Prevention and Management
of Nutritional Problems in
Children Living with HIV
Nutritional Monitoring
Routine monitoring of the growth of pediatric
patients is recommended so as to detect any growth
faltering and begin supportive action before a child
becomes malnourished. Any child who has experienced poor growth (compared to standard reference curves), is having trouble eating, or has lost
weight since a previous clinic or home visit is in
need of additional care. Since weight and growth
both accurately reflect disease progression, monitoring weight and growth is an inexpensive and
valuable tool for determining nutritional status
that can be used in virtually any setting.
New growth reference standards for infants and
children from birth to 14 years of age (separately
for boys and girls) have recently been released by
WHO.18 In many programs in developing countries, children under 2 years of age are being targeted for frequent growth monitoring because this
is the period when malnutrition typically occurs.
WHO recommends focusing on this “critical window” between birth and 2 years of age to ensure
adequate nutrition and prevent malnutrition.16
WHO also recommends that HIV-positive
children up to 14 years of age have their growth
and nutritional status monitored at least every
three to six months.7 It is standard practice in most
countries to promote monthly growth monitoring for all infants and young children from birth
to 2 years of age; this level of routine follow-up is
even more critical for infants and young children
living with HIV.
To prevent growth faltering, monthly monitoring of weight gain in children is ideal. Monitoring
weight does not prevent growth faltering but
assists in early detection and management. In
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Assessment of Nutritional Status
All HIV-positive children should have their nutritional status assessed to screen for malnutrition.
Weight-for-height indices are the most accurate
tool for this assessment but are generally hard to
apply and therefore not used extensively. A weight
for height of less than 70% (less than 3 z scores)
of the median WHO reference value, severe visible wasting, or edema of both feet is a sign of
severe malnutrition. Mid-upper-arm circumference (MUAC) provides a useful alternative for initial screening of nutritional status, as it is simple,
requires less equipment, and is a good indicator of

lean body mass. MUAC cutoffs for severe malnutrition are as follows: less than 110 mm for infants
and children under 5 years, less than 135 mm
for children 6-9 years, and less than 160 mm for
children 10-14 years of age.6 MUAC is useful for
screening and identifying moderate or severe
malnutrition but is not very good for monitoring
recovery, as the body tends to reestablish truncal
tissue first and only then peripheral or limb tissue,
such as upper arm tissue. Guidelines for determining whether a child is severely malnourished are
included in Box 1. Any child who is classified as
severely malnourished requires immediate therapeutic care (see following section on nutritional
counseling and support). Children who are identified as moderately malnourished, have slow
growth, or are losing weight should also be provided with additional care.

Nutritional Counseling and Support
Nutritional management in children is more challenging than in adults. Children have smaller stomachs and thus need to eat more frequently. Their
smaller size makes accurate nutritional assessment
and monitoring more challenging as well. Children
are dependent on others for food, feeding, and
care, and often cannot communicate their own
needs effectively to caregivers. Active or responsive
feeding has been shown to be an important part
of optimal complementary feeding practices for
children 6-24 months of age.19 In addition, dietary
management in children is often complicated by
wider socioeconomic factors such as inadequate
food availability, lack of dietary diversity, and
extreme poverty.
For the Child with Normal Growth
The 2007 WHO guidelines on the nutritional care
of HIV-infected children7 emphasize giving positive feedback to the mother or primary caregiver
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some growth-monitoring programs, children
who are losing weight or not gaining weight have
become the focus—not just those who are severely
malnourished. This is an improvement over previous practices that identified only malnourished
children as needing attention; however, pediatric HIV care providers must be informed of and
advise mothers on what optimal weight gain
should be for children at different ages to ensure
that early growth faltering is detected. According
to the most recent WHO growth charts, boys
0-5 months of age should be gaining 0.7 kg/
month to stay at the median weight for age (or
0.583 kg/month to stay at the 15th percentile),
while boys 6-11 months need to gain 0.25 kg/
month (or 0.22 kg/month to stay at the 15th percentile).18 While infants may not meet this target
for weight gain every month and may exceed this
target in some months, care providers should be
able to look at overall weight gain over a two- to
three-month period to detect a problem in weight
gain. Length monitoring is of less routine value,
as it is difficult to perform correctly. If a child
is on ART, it is important to monitor weight in
order to recognize when an increase or change in
ARV dosages may be needed.

Box 1. Determining whether a Child Has Severe Malnutrition
In children 6–59 months of age, severe malnutrition is present when any one of the following
criteria applies:
n

n
n
n

Weight for height is less than 3 z scores below the median World Health Organization (WHO) reference
value.
There are signs of severe visible wasting.
Edema of both feet is present.
Mid-upper-arm circumference (MUAC) in children up to 59 months of age is less than 110 mm.

In children 6–14 years of age, there is less experience with screening for severe malnutrition. The
following criteria can be used for screening and diagnosis:
n
n
n
n

Weight for height is less than 3 z scores below the median WHO reference value.
There are signs of severe visible wasting.
Edema of both feet is present.
The following MUAC values apply (the most appropriate cutoff values still need to be determined
for this age group, and these still require formal validation but may be helpful for screening):
In children 6–9 years of age, a MUAC less than 135 mm (~ –3 z scores for 7-year-old)
In children 10–14 years of age, a MUAC less than 160 mm (Integrated Management of Adult and
Adolescent Illness [IMAI] guidelines)

If weight for height and MUAC have not been measured and a child is found to have a very low weight
(i.e., weight for age is less than 3 z scores below the median WHO reference value) and there are no visible
signs of severe malnutrition, then he or she should be assessed carefully for other problems and admitted for
investigation, if the cause of very low weight has not been explained or diagnosed.

Other indications that the child is at risk of undernutrition:
It is better to identify infants and children who are at risk of undernutrition, or who have poor growth, before
they become severely malnourished. Therefore, if any of the indicators listed below are present, the child
should be examined for visible signs of malnutrition (e.g., very little subcutaneous fat and muscle, particularly
obvious on the upper arm and the thighs and buttocks, or sagging skin, with or without bipedal edema). If
signs of severe visible wasting are not present, the child can be given nutritional support at home with early
follow-up (five to seven days) and assessed for ART and/or other medical problems.

Possible indicators of undernutrition include the following:
n
n
n
n
n

n

The mother reports that her child is failing to gain weight.
The child has had a poor appetite recently.
The child is not gaining weight and his or her growth curve is flattening.
The child is losing weight and the growth curve is dropping downward.
The child’s MUAC is reduced but not yet at the cutoff for diagnosing severe malnutrition, that is:
120 mm in infants 6–12 months*
130 mm in children 1–5 years*
145 mm in children 6–9 years*
185 mm in children 10–14 years*
Changes have taken place with regard to the child’s caregiver or home circumstances.

*These cutoffs are based on 2 z scores below median WHO growth reference values and are not
clinically validated.
Source: Adapted from WHO.7

904

From the ground up: Establishing a Framework for Success

For the Child Whose Growth Is Faltering or Who Is
Losing Weight but Is Not Severely Malnourished
In cases where a child is experiencing growth faltering or weight loss, WHO guidelines7 recommend

checking for morbidity and opportunistic infections as well as adherence (if the child is on ART).
WHO also recommends checking to see if there
have been any recent changes in caregiving or
social circumstances. Box 2 summarizes these
recommendations.
Feeding during Illness and Recuperative Feeding
Care for HIV-positive children should stress the
need for continued feeding and increased breastfeeding and intake of other fluids during illness
episodes, as well as recuperative feeding after
illness episodes, at least until the time when the
child has regained his or her weight prior to illness—this is a key period for weight recovery. If
the child fails to gain weight during this period,
he or she may permanently drop to a lower weight
or weight-for-height centile. Nutritional support
may be needed if the child lives in a food-insecure
household. Rollins et al found better weight gain
after an episode of severe diarrhea when HIVpositive infants received continued nutritional
support for eight weeks during and after hospitalization.20 For children who were undernourished
prior to the illness episode, recuperative feeding should continue until the child’s nutritional
status (weight and weight for height) is no longer considered malnourished. These guidelines
are consistent with the Integrated Management
of Childhood Illness (IMCI) guidelines and
the related protocols commonly used in many
resource-limited settings.19

Food and Micronutrient
Supplementation
It is often wrongly assumed that distribution of
food is synonymous with nutritional support.
Although food supplementation may have a very
important role to play in nutritional support for
individual patients or populations, food is not a
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to reinforce good feeding practices. The guidelines
specifically suggest the following:
• Encourage the mother or caregiver by stating that the child is growing well. Explain the
growth chart and how to follow progress.
• Ask if there have been any major changes in
the child’s circumstances from the last visit that
might put the care of the child at risk, including
access to food.
• Explain to the mother or caregiver why additional food (energy) is needed in children (and
adults) living with HIV infection (approximately 10% more).
• Counsel on continued breastfeeding if the
mother is well. (Check national guidelines
regarding breastfeeding policy and the age of
the child.)
• Counsel on complementary feeding and replacement feeding (frequency of meals, amount and
type of food per meal, responsive feeding).
Reinforce and encourage good practices.
• Counsel on feeding a variety of foods such as
milk, fruit, vegetables, whole grains, cereals, and
meat/chicken or fish based on local diets (i.e.,
food sources that are high in vitamin A, iron, calcium, etc., and other locally produced foods).
• Review safe food preparation, food and water
storage methods, and hygiene issues (e.g., keep
hands, utensils, and food preparation areas clean;
separate raw and cooked foods; cook food thoroughly; keep food at safe temperatures; ensure
cleanliness and safety of water and food).
• Check whether there are other sources of good
foods such as community gardens or other local
resources.

Box 2. Guidelines for an Integrated Approach to the Nutritional Care of HIV-Positive Children
Aged 6 Months to 14 Years
The following steps and accompanying key messages have been developed to guide health-care providers in
the nutritional care of HIV-positive children.
I.	Assess, Classify, and Develop a Nutritional Care Plan
Step 1. Assess and classify the child’s growth
n

Regular and careful assessment of a child’s growth helps monitor HIV disease progression and can identify
complications early, providing an opportunity to intervene.

Step 2. Assess the child’s nutritional needs
n

The nutritional needs of HIV-positive children for growth, development, and immunological function
depend on HIV disease stage and history of recent complications such as persistent diarrhea or oppor
tunistic infections.

Step 3. Develop a nutritional care plan
n

The nutritional needs of HIV-positive children vary according to their age, disease stage, presence of acute
and/or chronic infections, and current treatment. Nutritional needs are best met through balanced and varied food intake in adequate quantities. When this is not achievable, additional nutritional support may be
needed.

II. Implement the Nutritional Care Plan
Step 4. Identify what the child eats and drinks
n

Implementing a nutritional care plan starts with understanding what the child presently eats and drinks.
The type of food given, and how it is prepared, can be as important as the amount and frequency of food
eaten. In most situations a balanced diet (i.e., a variety of foods) is better than specialized supplements.

Step 5. Discuss who gives the child his or her food and how the child eats
n

Children should be fed with care and patience. Before offering information and suggestions, first find out
who is the main caregiver for the child and who else is involved with feeding and care. This helps clarify the
quality and consistency of care practices.

Step 6. Assess whether there is sufficient food and income at home
n

All children need regular, adequate, and appropriate foods in order to grow, develop, and maintain optimal
body function. Nutrition is not just food but includes the entire process of having access to food, the quantity and quality of food, and how it is given to a child, as well as how the body uses it.

Step 7. Discuss exercise and avoid risk factors for malnutrition
n

Physical activity and play help children develop and maintain strong muscles and improve their sense of
well-being. Maintaining good nutritional status enables HIV-positive children to fight and avoid infections
such as diarrhea. Preventive measures such as good hygiene, immunizations, and regular vitamin A supplements similarly protect the child against infections and undernutrition.

Step 8. Decide whether to refer and when to review
n

HIV-positive children should be referred to other health-care facilities when specific needs are identified
or when health workers with other skills or other resources are required. The frequency of and interval
between reviews depends on the condition and needs of the child.

III.	Children with Special Considerations
Step 9. Address the special needs of HIV-positive children
n

HIV-positive children commonly experience weight loss and poor appetite and suffer from mouth sores
and diarrhea. In spite of these problems, children can often still be managed at home if the correct help is
offered early.

Step 10. Address the special needs of children on antiretroviral treatment
n

Appropriate and adequate nutrition is needed to achieve the full benefits of ART. Children’s growth while on
ART is a good indicator of response to treatment and ongoing adherence. Although ART can change the way
the body uses fats, proteins, and energy, these metabolic changes can generally be managed without needing to stop the ART.

Source: Adapted from WHO.7
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reduce or eliminate the risk of HIV transmission.
These include the use of an HIV-negative wet
nurse (e.g., HIV-negative grandmothers or other
HIV-negative women from the same community),
heat-treating of breast milk, and/or the use of pasteurized breast-milk banks.

Treatment of Severely Malnourished
Children
Standard treatment guidelines for the therapeutic
care of severely or acutely malnourished infants and
children should be used in the care of infants and
children living with HIV. In addition to therapeutic feeding,a these children should also be assessed
and treated as indicated for concurrent morbidity
(e.g., diarrhea or septicemia and other opportunistic infections, especially TB), and assessed for
ART eligibility (or adherence if they are already on
ART). The 2007 WHO guidelines7 and the 2007
Joint Statement on Community-Based Management
of Severe Acute Malnutrition22 both contain useful guidance for clinical and community-based
nutritional care for severely malnourished infants
(Figure 1).
Management of severe acute malnutrition in
infants and children can be challenging for caretakers, whether it is undertaken at home or in
health facilities. According to WHO,7 severely
malnourished infants can often be managed at
home if they still have a good appetite. The presence or absence of appetite and the availability of
RUTFs will impact the success of any approach to
nutritional management and are critical determinants of whether the child should be managed in
the hospital or at home. Diarrhea, nausea, vomiting, and anorexia are common in malnourished
infants and children and will also need to be effectively managed.

Therapeutic feeding is a curative nutritional intervention used to rehabilitate a severely
malnourished patient.

a
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substitute for appropriate nutritional care of HIVpositive children. The need for food supplements
may be assessed on an individual basis after determining whether the child’s family is able to comply
with a nutritional care plan (see Box 2). The need
for food supplements may also be determined on
a population basis, for example, in areas (or at
times of the year) where food or income insecurity is common. Therapeutic feeding for severely
malnourished children will require appropriate
selection of foods, and the treatment of choice is
usually a specialized food product or ready-to-use
therapeutic food (RUTF), such as F-100 or F-75
(provided by the United Nations Children’s Fund
[UNICEF]) and Plumpy’nut.
Supplementation and food support present a
complicated set of issues, and it may be preferable
to differentiate between a nutritional supplement
(to enhance energy density or increase caloric
intake), a micronutrient supplement (to ensure
micronutrient intake), and food support (where
there is a basic lack of food in the household). The
choice of what support to offer will depend on the
resources available, the scale of the HIV epidemic
locally, the level of food insecurity, and the level of
malnutrition in the general population.
In programs where free infant formula is available for distribution (on a limited basis and for
specific cases, such as when a mother has died or
when replacement feeding is AFASS) to infants of
HIV-positive mothers, an appropriate and equivalent (in nutritional content and in economic value)
food alternative should be provided to breastfeeding mothers or infants for whom it is not AFASS
to stop breastfeeding until all AFASS criteria are
met.14 Some countries have developed strategies that allow for continued breast-milk feeding
of HIV-positive children using methods that can

ASK

Ask mother/caregiver
(or check the medical
records)
1. Has the child lost
weight during the
past month?
2. Does the child have:
• a cough for more
than 21 days
(this may be due to
HIV-related chronic
lung disease such as
LIP or bronchiectasis)
• active TB on
treatment
• diarrhea for more
than 14 days
• other chronic OI
or malignancy
Ask all questions and
complete all
assessments with
each child

Gaining
weight
Growth
curve
flattening
Losing
weight

LOOK and FEEL

1. Look for signs of severe
visible wasting
• Loss of muscle bulk
• Sagging skin/buttocks
2. Check for presence of edema
of both feet (or sacrum)
3. Check the weight and height
• Is the weight for- height less
than 3 z scores below
median WHO reference value?
• Is the child very low weight
(weight for age less than
3 z scores below
median WHO reference value)?
• Is the child underweight
(weight for age less than
2 z scores below
median WHO reference value)?
4. Check the MUAC
Infants 6mos–12mos
• Is MUAC less than 110 mm?
• Is MUAC less than 120 mm?
Children 1yr–5yrs
• Is MUAC less than 110 mm?
• Is MUAC less than 130 mm?
Children 6yrs–9yrs
• Is MUAC less than 135 mm?
• Is MUAC less than 145 mm?
Children 10yrs–14yrs
• Is MUAC less than 160 mm?
• Is MUAC less than 185 mm?
5. Look at the shape of the
growth curve
• Has the child lost weight since
the last visit? (Confirm current
weight by repeating
measurement)
• Is the child’s growth curve
flattening?
• Is the child gaining weight?

SIGNS

Assess
growth
in all
children

CLASSIFY AS TREAT

Signs of severe visible wasting or
edema present in both feet, or
Weight for height less than
3 z scores below median WHO
reference value, or
MUAC less than:
• 110 mm in infants 6mos–12mos
• 110 mm in children 1yr–5yrs
• 135 mm in children 6yrs–9yrs
• 160 mm in children 10yrs–14yrs

Severe
Malnutrition

Nutrition
Care Plan
C

Reported weight loss, or
Very low weight (weight for age
less than 3 z scores below
median WHO reference value), or
Underweight (weight for age less
than 2 z scores below median
WHO reference value), or
Confirmed weight loss (5%)
since the last visit, or
Growth curve flattening, or
MUAC less than:
• 120 mm in infants 6mos–12mos
• 130 mm in children 1yr–5yrs
• 145 mm in children 6yrs–9yrs
• 185 mm in children 10yrs–14yrs

Poor Weight
Gain

Nutrition
Care Plan
B

Child is gaining weight

Growing
Appropriately

Nutrition
Care Plan
A

Chronic lung disease, or
TB, or
Persistent diarrhea, or
Other chronic OI or malignancy

Condition with
Increased
Nutritional
Needs

Nutrition
Care Plan
B

Figure 1. Integrated approach to the nutritional care of HIV-positive children aged 6 months to 14 years
OI=opportunistic infection
Source: WHO.7

Best Practices and
Lessons Learned
At this time, there are very few examples of best
practices or lessons learned since pediatric treatment of HIV and AIDS in children in resourcelimited settings is just getting under way. Based on
some early experiences and existing research and
evidence, and drawing upon the extensive experience in treatment and prevention of malnutrition in resource-limited settings and emergencies,
WHO has recently released practical guidelines
and clinical support tools to assist in the nutrition
care of HIV-infected children aged six months to
14 years.7,18 In addition, a two-day training course is
under development.
908

The WHO guidelines and related tools were field
tested by clinical staff and community workers at a
district hospital in Kenya and at two HIV treatment/
referral hospitals in South Africa in late 2006 and
early 2007. The field testers found that the guidelines were useful and clear and filled a much-needed
gap in pediatric HIV care (Randa Saadeh, WHO,
personal communication, March 2007).
A number of African countries have been
implementing strategies for infant feeding and
nutritional care of children under two years of
age, including Côte d’Ivoire, Cameroon, Rwanda,
South Africa, Zambia, Mozambique, Tanzania,
and Zimbabwe. The Elizabeth Glaser Pediatric
AIDS Foundation and PATH have collaborated on

From the ground up: Establishing a Framework for Success

infants 6-24 months born to HIV-positive women,
HIV-positive pregnant and lactating women, people living with HIV with low body mass indexes);
procurement, distribution, and management of
food; and clinic staff training, job aids, and counseling materials, as well as other forms of support
for nutritional care.
Several HIV/AIDS programs in Africa and Asia
are providing micronutrient supplements to adults
as part of HIV care and treatment, and vitamin A
to children older than six months as part of routine
care.
Findings from a program providing nutritional
care for HIV-positive adults in Zambia may have
lessons for pediatric care as well. A 2005 evaluation
of nutritional support provided by Catholic Relief
Services (CRS) in Zambia,23 in partnership with the
Catholic dioceses of Solwezi, Mongu, and Monze,
looked at the effectiveness of the provision of a
family ration of nutritional supplements to HIVpositive home-based care clients not on ART who
met certain criteria for targeted nutritional supplementation. The evaluation assessed the impact of
the program on home-based care clients 18 years
of age and older and showed that nutritional supplements led to improvements in nutritional status
(as measured by MUAC), number of meals eaten
per day, physical status (reduced average number of AIDS-related symptoms and amount of
time clients required assistance from a caregiver),
household food security, and several quality-of-life
indicators (improved mental outlook, increased
participation in activities of daily living and work,
and reduced number and severity of negative coping strategies employed by a client’s household).23
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many of these efforts, which incorporate a number of activities, including training of health workers using an adapted WHO Integrated Training
Course on Infant Feeding and HIV; development,
adaptation, and diffusion of tools and materials
(e.g., clinical AFASS algorithms, as well as counseling and information, education, and communication materials); development and dissemination
of technical materials and tools for nonbreastfed
and older children; strengthening of systems to
routinely follow up with HIV-exposed children
through the first two years of life; and extending
the reach and impact of clinical services by mobilizing communities around supporting HIV-positive
mothers and caretakers of young children to access
available infant feeding and nutrition services for
themselves and their children.
Over the past several years, a number of groups
have worked together with the World Food
Program (WFP), attempting to link individual (or,
more commonly, family) food supplementation
with prevention of mother-to-child transmission
(PMTCT) or ART programs. These efforts have
had mixed success, as WFP assistance is primarily targeted at food- or income-insecure households, not specifically at those living with HIV.
The United Nations and the U.S. government
have begun working to introduce and establish
food and nutrition models for people living with
HIV and their families in six countries (Ethiopia,
Kenya, Nigeria, Tanzania, Uganda, and Zambia)
based on the small-scale “food by prescription”
(FBP) model originally developed in Kenya. An
FBP program typically allows for the provision of
supplementary food for specific populations (e.g.,
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OIs still regularly seen in developing countries.
Cryptosporidium and microsporidium infections
also persist, and contribute significantly to chronic
diarrhea in severely immunocompromised HIVinfected children in resource-limited settings.
This chapter outlines the recommendations for
treatment and prevention of the most common
opportunistic infections among children living
with HIV in resource-limited settings.

Pneumocystis Pneumonia
Epidemiology
Pneumocystis pneumonia (PCP), which is caused
by the yeast-like fungus P. jirovecii, is the most common AIDS-defining illness in children living with
HIV and is associated with high mortality.1,2 Since
the introduction of cotrimoxazole (trimethoprimsulfamethoxazole [TMP-SMX]) prophylaxis in
1995, the frequency of PCP in developed countries
has declined remarkably.

Clinical Findings
PCP incidence is highest in the first year of life
and peaks at three to six months of age.3 Onset is
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C

hildren living with HIV are at
a high risk of acquiring opportunistic infections (OIs) due to their immature and compromised immune systems. Routine care of these
children should include prevention and treatment of
OIs, as the risk of developing OIs is directly related to
the degree of immunosuppression. In high-income
countries, the incidence of Pneumocystis pneumonia
has decreased dramatically following early diagnosis of HIV infection in children, widespread use of
potent combination antiretroviral therapy (ART),
and routine prophylaxis. In resource-limited settings, however, children living with HIV continue
to experience a high burden of OIs due to delayed
diagnosis of HIV, delayed presentation to medical
professionals, and limited access to antiretroviral
medications (ARVs).
The spectrum and presentation of OIs in children is varied, as the infections affect different
body systems. Pneumocystis jiroveci infection is a
highly fatal OI still seen in infants born to women
with unrecognized HIV infection. Tuberculosis
(TB), serious bacterial infections, toxoplasmosis,
cryptococcal meningitis, cytomegalovirus (CMV)
infections, and candidiasis are other common

usually abrupt, with low-grade fever, cough, dyspnea (i.e., difficult or labored respiration), tachypnea (i.e., increased rate of respiration), and
poor feeding. Occasionally, the onset may be
insidious. Auscultation reveals a clear chest or
diffuse, fine crepitations (i.e., grating or crackling
sounds). Chest radiograph often shows diffuse
bilateral interstitial infiltrates but may be normal. Hyperinflation is common.4 The presence of
any one of the following signs should raise a high
index of suspicion for PCP:
• Known or suspected HIV infection
• Ordinary pneumonia that does not respond to
treatment
• Age of three to six months
• Hypoxia (oxygen deficiency)/ cyanosis
• Tachypnea and respiratory distress out of proportion to chest findings

Diagnosis
Definitive diagnosis requires demonstration of
the organisms in sputum or tissue. Sputum can be
collected through induction of sputum, nasopharyngeal aspirates, and bronchoscopy. Useful stains
for identifying PCP include immunofluorescence,
silver methenamine, toluidine blue, and Giemsa
stain. Polymerase chain reaction (PCR) is used
mainly in research settings. Lactate dehydrogenase
(LDH), a nonspecific indicator of lung disease,
may be very elevated in individuals with PCP. In
resource-limited settings, however, diagnosis cannot be made definitively and treatment has to be
presumptive with clinical diagnosis.

Treatment
The drug of choice for treating PCP is intravenous
TMP-SMX. Recommended dosage is trimethoprim 15–20 milligrams per kilogram of body weight
per day and sulfamethoxazole 75–100 milligrams
per kilogram of body weight per day in divided
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doses every six hours intravenously for 21 days
(see Table 1). Children with mild to moderate disease can be given TMP-SMX orally.
Pentamidine 4 mg/kg once daily intravenously is an alternative drug for children with
intolerance or treatment failure to TMP-SMX. If
improvements are seen after five to seven days
of intravenous treatment, the remaining course
of treatment can be administered orally with
atovaquone. Pentamidine should not be administered with the nucleoside reverse transcriptase
inhibitor didanosine, because both drugs cause
pancreatitis.
Although experience with use of clindamycin-primaquine, trimetrexate glucuronate, and
dapsone-trimethoprim in children is limited, recommendations are extrapolated from adult studies.5 Surfactant may offer a possible treatment
strategy in very ill infants.6
Steroids are indicated if the patient has moderate to severe PCP. The benefits of steroids include
decreased morbidity and mortality, reduced
respiratory failure, and decreased ventilatory
requirements.7 Steroids should be started within
72 hours of initiating TMP-SMX. The recommended dose of methylprednisolone is 1 mg/kg/
day administered intravenously every six hours
for one week and then weaned off over the subsequent 10–14 days.9

Prevention
HIV-infected infants with relatively high CD4 counts
can still develop PCP. The recommendation is that
all HIV-exposed and infected infants younger than
one year should start on PCP prophylaxis, regardless of their immune status (see Tables 2, 3, and 4 for
treatment recommendations and dosing guidelines).9 Recommendations for prophylaxis in older
pediatric patients are based on definition of HIV
infection status, age, and CD4 count.
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Table 1. Recommended Treatment of PCP
Drug

Indication

Dose

Possible Side Effects

Trimethoprimsulfamethoxazole
(TMP-SMX)

Drug of choice

Trimethoprim 15–20 mg/kg/day IV
+ sulfamethoxazole 75–100 mg/kg/
day IV every 6 hours for 21 days

Rash, neutropenia, anemia,
nausea, vomiting, diarrhea,
raised liver enzymes

For oral therapy, give loading dose
of 20mg/kg followed by 5mg/kg
after 6 hours and 6 hourly10
Pentamidineisethionate

Intolerance to
TMP-SMX or
treatment failure

4 mg/kg IV once daily for 21 days

Pancreatitis, hypoglycemia,
renal dysfunction, fever,
hyperglycemia, hypotension,
neutropenia

Clindamycinprimaquine

Contraindicated
in glucose6-phosphate
dehydrogenase
(G6PD)
deficiency

Clindamycin 10 mg/kg/day IV in
3–4 divided doses + primaquine
0.3 mg/kg PO daily for 21 days

Rash, hemolytic anemia,
nausea, neutropenia,
Clostridium difficile–
associated colitis

Dapsonetrimethoprim

Limited data in
children

Dapsone 2 mg/kg PO once daily
+ trimethoprim 5 mg/kg PO every
8 hours daily for 21 days

Methemoglobinemia,
hemolytic anemia,
neutropenia,
thrombocytopenia

Indications
n

n

n

HIV-infected or exposed
infants aged 1–12 mo
HIV-infected children 1–5 yr
with CD4% < 15%
HIV-infected children 6–12 yr
with CD4 count < 200 cells/
mm3 or CD4% < 15%

First Choice

Alternative

Trimethoprim-sulfamethoxazole
(TMP-SMX)
150 mg/m2/day TMP +
750 mg/m2/day SMX
in 2 divided doses orally for
3 consecutive days
or
Single dose orally for
3 consecutive days
or
2 divided doses orally
every other day for 3 days

Dapsone (children older than 1 month)
2 mg/kg/24 hr (max 100 mg)
or
Pentamidine (children older than 5 yr)
4 mg/kg every 2–4 weeks IM/IV or
300 mg monthly via Respirgard
nebulizer system
or
Atovaquone
(children older than 24 months)
30 mg/kg/day orally
or
(4 to 24 months) 45 mg/kg/day orally

IM = intramuscularly; IV = intravenously; PO = perorally
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Table 2. PCP Prophylaxis for HIV-Exposed or Infected Children

Table 3. Primary Prophylaxis for
HIV-Associated Infections in HIV-Exposed or
HIV-Infected Infants and Children (WHO)11

increased above the age-appropriate Centers for
Disease Control and Prevention (CDC) threshold.12

HIV Infection
Status

Cryptosporidiosis and
Microsporidiosis

HIV-exposed

Newly
diagnosed
infection

Age

Action

Birth to 4–6
weeks

None

From 4–6
weeks until
HIV infection can be
ruled out

Prophylaxis

1–4 years

Prophylaxis if
WHO stage II, III,
or IV, regardless
of CD%
or
CD4% < 25%

> 5 years

Adult guidelines

Secondary PCP Prophylaxis
Any child with a history of prior PCP should
continue with prophylaxis of 6–8 mg/kg/day of
trimethoprim (TMP) daily for life. Because the
safety of discontinuing secondary prophylaxis for
HIV-infected children has not been extensively
studied, World Health Organization recommends
continuing prophylaxis indefinitely. Breakthrough
PCP can occur despite prophylaxis. The drug of
choice for treatment remains TMP-SMX.
Stopping Prophylaxis
TMP-SMX prophylaxis should only be discontinued
for children who are found to be HIV-negative after
they have stopped breastfeeding for at least three
months. HIV-infected children and HIV-exposed
children whose infection status remains unknown
should continue to receive PCP prophylaxis indefinitely.9 The safety of discontinuing prophylaxis in
children receiving ART has not yet been established,
though some studies suggest that prophylaxis can
safely be discontinued once the CD4 count has
9 16

Epidemiology
Cryptosporidiosis is caused by Cryptosporidium
parasites, enteric pathogens that can cause lifethreatening, persistent diarrhea in immunocompromised individuals.13 The common species that cause
disease in humans are C. hominis, C. parvum, and C.
meleagridis. Cryptosporidiosis is more common in
HIV-infected children living in resource-limited settings than in those living in developed countries.
Children with CD4 percentages of less than
25% are more likely to have cryptosporidiosis.13
Coinfection with Enterocytozoon bieneusi is common
in HIV-infected children with cryptosporidiosis.13
The route of transmission is fecal-oral, and important sources of infection include animals, contaminated drinking water, food, and day-care centers.14,15

Clinical Findings and Diagnosis
Chronic, profuse, watery diarrhea with resultant
weight loss is the most common presentation.
Abdominal cramps, fever, vomiting, anorexia, and
dehydration may also occur.16 Additional intestinal
complications include cholecystitis, sclerosing cholangitis, pulmonary cryptosporidiosis, and central
nervous system (CNS) disease.17

Diagnosis
Cryptosporidiosis
Stool specimens are concentrated and stained
with Kinyoun acid-fast stain and inspected for
oocysts. At least three separate stool specimens
should be evaluated. Other tests that are more
sensitive and more specific than staining technique include PCR and monoclonal antibodybased fluorescein stain.
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Table 4. TMP-SMX Formulations and Dosage for HIV-Exposed or HIV-Infected Infants and Children
(WHO)11
Suspension
(5 ml of syrup
200 mg/40 mg)

Child Tablet
(100 mg/20 mg)

Single Strength
Adult Tablet
(400 mg/80 mg)

Double Strength
Adult Tablet
(800 mg/160 mg)

< 6 months
100 mg sulfamethoxazole/
20 mg trimethoprim

2.5 ml

One tablet

1/4 tablet, possibly
mixed with feedingb

—

6 months–5 years
200 mg sulfamethoxazole/
40 mg trimethoprim

5 mlc

Two tablets

Half tablet

—

6–14 years
400 mg sulfamethoxazole/
80 mg trimethoprim

10 mlc

Four tablets

One tablet

Half tablet

> 14 years
800 mg sulfamethoxazole/
160 mg trimethoprim

—

—

Two tablets

One tablet

Recommended Daily
Dosagea

Frequency – once a day
a
Some countries may use weight bands to determine dosing. Age and the corresponding weight bands based on the
children with HIV antibiotic prophylaxis trial [CHAP trial (7)] are:

Ages

Weight

< 6 months

< 5 kg

6 months–5 years

5–15 kg

6–14 years

15–30 kg

> 14 years

> 30 kg

Splitting tablets into quarters is not considered best practice. This should be done only if syrup is not available.
Children of these ages (6 months–14 years) may swallow crushed tablets.

b

Microsporidiosis
Microsporidiosis is detected through thin smears
of unconcentrated stool in formalin suspension or
duodenal aspirates stained with trichrome.

Treatment
Treatment with ARVs resulting in immune reconstitution is the best intervention for the reduction
of cryptosporidia.18 Although the drugs listed here
have been used to reduce symptoms, their effectiveness is limited, and recommended treatment
duration is unknown.19-23

Cryptosporidiosis
Nitazoxanide*
Children 1–3 years: 100 mg perorally (PO)
twice a day (BID)
Children 4–11 years: 200 mg PO BID
*Only for approved for use in HIV-negative children but HIVinfected children may respond to a higher dosage for a longer
period (until 3 tests in stool are negative). (22.5mg per kg twice
a day has been used)24

Paromomycin
25–35 mg/kg in 2–4 divided doses PO
(maximum 2 g daily)
or
pediatric and adolescent hiv care
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c

Azithromycin
10 mg/kg PO on day 1, then 5 mg/kg PO
daily from day 2 to day 10
Microsporidiosis (other than
Enterocytozoon bieneusi)
Albendazole
7.5 mg/kg PO BID
(maximum dose 400 mg BID) for 4 weeks
or
Fumagillin (no data)

Prevention
Possible interventions include boiling all drinking water and avoiding contact with all human and
animal feces.

Toxoplasmosis
Epidemiology
Toxoplasmosis is cause by Toxoplasma gondii, an
intracellular parasite found worldwide. Although
infection with T. gondii is generally asymptomatic,
infection can cause severe symptoms in infants
born with congenital infection or in an immunocompromised host. In these circumstances, the
parasite can invade the CNS and other organs,
including the liver and spleen.
Congenital toxoplasmosis infection can occur
among both HIV-exposed and nonexposed infants,
though risk may be higher among HIV-exposed
infants due to reactivation of latent maternal disease.
Congenital toxoplasmosis is acquired via transmission across the placenta, generally among mothers
who have primary infection during pregnancy. In
the case of HIV-infected pregnant women, transmission can also occur with reactivation of infection.
The overall rate of congenital infection is about 30%
but varies according to trimester of exposure, with
extremely low risk during the first trimester, rising
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to close to 90% in the third trimester.25 Maternal
acquisition can occur from handling cat feces, eating inadequately cooked meats, or being exposed to
contaminated soil.
Acquired or reactivated toxoplasmosis may
also lead to symptomatic disease and is seen
among severely immunosuppressed children
and adults living with HIV due to environmental exposure or ingestion of inadequately cooked
meats that have tissue oocytes. Primary prevention of toxoplasmosis is through the avoidance of
cat feces, undercooked meat, and unwashed vegetables. Widespread use of TMP-SMX for PCP
prophylaxis has the unanticipated benefit of preventing toxoplasmosis.

Clinical Findings and Diagnosis
Congenital toxoplasmosis can be symptomatic or
asymptomatic. Symptomatic newborns may have
CNS findings, including microcephaly, chorioretinitis, hydrocephalus, encephalitis, and seizures.
Other findings may include small size for gestational age, low birth weight, and hepatosplenomegaly. Although the majority of infected newborns are
asymptomatic on physical examination, they may
have intracranial calcifications on neuroimaging,
as well as ocular findings of chorioretinitis. Over
time and without early treatment, a substantial
number will develop chorioretinitis and impairment of vision. Congenitally infected children are
also at risk for developmental delay, seizures, and
secondary microcephaly.
Older HIV-infected and/or immunosuppressed
children may manifest new onset neurologic findings due to acquired or reactivated toxoplasmosis.
Presentations in HIV-infected children can include
headache, focal neurologic signs, diffuse encephalitis, seizures, or decreased vision. Disseminated
toxoplasmosis infection may involve the liver,
lung, eyes, and heart.
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Table 5. Treatment, Suppression, and Primary or Secondary Prophylaxis for
Toxoplasmosis in Children
Initial Treatment

Suppression

Congenital

Pyrimethamine
2 mg/kg/day for 3 days, then
1 mg/kg/day for 2–6 months,
followed by
1 mg/kg 3x a week for 12 months
plus
Leucovorin 10 mg 3x a week with each dose of
pyrimethamine
plus
Sulfadiazine 100mg/kg/day for 12 months

Chronic
suppression at
lower doses of
pyrimethamine
and
sulfadiazine

Acquired, older
children, and
adolescents

Pyrimethamine 25–100 mg/day for 3–4 weeks
plus
Sulfadiazine 1–1.5 g 4x daily (QID) for
3–4 weeks (Steroids may ameliorate ocular
complications.)
plus
Atovaquone with or without pyrimethamine

Chronic
suppression at
lower doses of
pyrimethamine
and
sulfadiazine

Definitive diagnosis of congenital toxoplasmosis infection is based on serology using immunoassays or immunosorbent assays for toxoplasma-
specific IgM, IgA, or antibodies, or PCR detection
of organisms. Neurologic exam, including funduscopic examination and neuroimaging for
calcifications, can be useful when congenital
toxoplasmosis is suspected. In some settings,
newborn screening with dried blood spots is routinely done, as this allows for early identification
and treatment, which can significantly decrease
later sequelae. Definitive diagnosis is based on
cytology or histology.

Treatment and Follow-Up
During pregnancy, mothers identified as having
primary infection based on seroconversion are
treated with spiramycin. The treatment for congenital toxoplasmosis is pyrimethamine given in
combination with sulfadiazine and folic acid for
12 months (see Table 5). Likewise, older HIV-

Primary or Secondary
Prophylaxis

Trimethoprimsulfamethoxazole:
150 mg TMP and
750 mg SMX/m2 body area

infected children with acquired toxoplasmosis are
given pyrimethamine and followed up for clinical
improvement over a six-week period. Alternative
therapies include atovaquone and azithromycin
with pyrimethamine. Following initial treatment,
lifelong suppressive therapy is necessary.
Where pyrimethamine and sulphadiazine are
unavailable, many clinicians use Trimethoprimsulphamethoxazole at 20 mg/kg per day in
4 divided doses for 3 to 4 weeks followed by same
dosage as for PCP prophylaxis.
Follow-up evaluations should include complete blood count (CBC) monitoring during treatment, developmental and neurologic exams, and
ophthalmology exam (every 3 months for the first
18 months of life, then every 6–12 months).

Prevention
Prevention is based on avoidance of exposure to
oocysts, such as cat feces and contaminated soil, as
well as avoidance of undercooked or raw meat.
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Type of
Infection

Cryptococcal Disease
Epidemiology
Cryptococcal infection in humans is generally
caused by Cryptococcus neoformans, an encapsulated yeastlike fungus found in soil contaminated
by avian feces. Primary human acquisition results
from inhaling fungal particles, with resultant pulmonary infection. In immunocompetent hosts,
pulmonary infection is generally mild but can lead
to cough and fever. In immunosuppressed individuals, including those with severe HIV infection,
dissemination to the CNS and other organs can
occur. CNS infection, though sometimes showing
a slow course, is fatal without treatment.
In resource-limited settings, cryptococcal
meningoencephalitis is one of the most frequent
OIs seen in adults living with HIV; in some parts
of Africa, it is the primary etiology for communityacquired meningitis.26 In studies from Zimbabwe
and Malawi, close to half of adult meningitis cases
were due to cryptococcal infection. In a follow-up
study of a cohort from Rakai, Uganda, cryptococcal disease accounted for 17% of all deaths seen
among HIV-infected adults.27
Despite being common in adults, cryptococcal
meningitis is relatively rare among HIV-infected
children. Usually, infection in children is detected
due to the reactivation of latent pulmonary infection, with subsequent dissemination to the CNS.
Secondary spread from an infected individual to
others has not been reported.

Clinical Findings and Diagnosis
Initial presentation is usually meningoencephalitis
with headache and fever. Signs of acute meningitis,
as well as new onset seizures, may be seen (e.g.,
fever, neck stiffness). Disseminated cryptococci
can also be seen, with associated skin papules that
resemble molluscum contagiosum. Clinical pulmonary disease is uncommon but can occur.
920

Diagnosis of CNS disease is based on isolation
of the organism from cerebral spinal fluid (CSF).
CSF microscopic examination is often normal in
terms of cells, chemistries, and protein but with
elevated opening pressure. India ink wet mounts of
the CSF are useful for diagnosis, as are fungal cultures of CSF and blood. Cryptococcal antigen titers
in the CSF can also be measured and may help
diagnose treatment failure or relapse. Involvement
of the lungs is diagnosed based on bronchoalveolar
washings and India ink staining, as well as on culture and antigen assays.

Treatment
Treatment guidelines for HIV-infected children
with cryptococcal disease (see Table 6) are based
on adult studies. Amphotericin B, combined with
flucytosine or fluconazole, is used for to treat both
meningoencephalitis and severe pulmonary disease. Combination therapy is given for 2 weeks, followed by fluconazole for at least 10 weeks or longer,
depending on whether CSF cultures are negative at
2 weeks (about 60%–80% will be negative at that
point). Following successful treatment, lifetime suppressive therapy with fluconazole is required. It is
not known whether, following immune reconstitution in children, secondary prophylaxis may be discontinued; current recommendations are for lifetime
maintenance to prevent relapse. With early ART
intervention, it is anticipated that cases of pediatric
cryptococcal infection will be increasingly rare.
Fluconazole or itraconazole can be used to treat
moderate or mild pulmonary disease, followed by
lifetime suppressive therapy.

Prevention
Primary prevention is based on avoidance of contaminated soil. Lifetime secondary prophylaxis
with low-dose fluconazole is recommended for
children with HIV infection who have completed
initial therapy. (Data are not currently available
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Table 6. Treatment Recommendations for Cryptococcal Disease in Children

Initial Treatment

CNS and severe
pulmonary disease

Amphotericin B
0.7–1.5 mg/kg/day
plus
Flucytosine 25 mg/kg/QID for
2 weeks

Moderate or mild
pulmonary disease

Fluconazole 3–6 mg/day PO

for HIV-infected children as to whether secondary
prophylaxis can be safely stopped following ART
leading to immune reconstitution.)

Bacterial Infections in
Children Living with HIV
Epidemiology
Bacterial coinfections are a major source of comorbidity in children infected with HIV. These infections cause a wide spectrum of diseases, many of
which are included in the WHO and CDC staging
systems. In fact, bacterial infections are so prominent in pediatric HIV that the CDC staging system
was revised in 1987 to include them.28
Since the widespread availability of ART, there
has been a marked decrease in morbidity and mortality associated with bacterial infections in both
developed and developing countries. In the United
States, pneumonia is still the most common bacterial infection in HIV-infected children on ART.
However, with an incidence rate of 2.15 events per
100 person years, this is far less than the 11.1 events
in the same (albeit younger) children pre-ART
(Table 7).29 In a California cohort followed from
1994 to 2001, bacterial infections accounted for
60 hospitalizations for 64 children in 1994, but

10 weeks or more of
fluconazole
3–6 mg dose (up to
12 mg/kg/day) PO or IV
or
Itraconazole
2–5 mg/kg BID

Lifetime
Suppressive
Therapy
Fluconazole
6 mg/kg/day
or
Itraconazole
2–5 mg/kg BID

only 8 hospitalizations for 101 children in 2001.30
The hospitalization rate for serious bacterial infections was only 14.2 per 100 person years for a
Thai cohort of children initiated on ART between
2002 and 2005.31 Nevertheless, bacterial infections
remain the most common reason for hospitalization among HIV-infected children.

Responsible Organisms
The relative prevalence of most bacterial pathogens is similar to that of HIV-uninfected children.
However, in a large Kenyan study, Streptococcus
pneumoniae, Haemophilus influenzae, nontyphoid salmonella, and Escherichia coli were
more common in HIV-infected children.32 These
organisms were frequently seen i n malnourished children in the pre-HIV era. Streptococcus
pneumoniae is the most common organism,
with Staphylococcus aureus, salmonella species,
and gram-negative Enterobacteriaceae occurring
commonly.33,36-38 Pseudomonas aeruginosa is also
seen occasionally.
Table 8 shows the relative frequencies of specific bacterial isolates from blood cultures of HIVinfected children from various settings. Depending
on the study’s design, the frequencies quoted are
representative only of community-acquired isolates,
pediatric and adolescent hiv care
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Disease Severity

Consolidation
Therapy

Table 7. Incidence of Serious Bacterial Disease in HIV-Infected Children from Different Settings
United Statesa
n=2767

United Statesb
n=2767

S. Africac
n=141

Zambiad
n=534

Multicenter
cohort

Multicenter
cohort

Inpatient
cohort

Randomized
prospective
study

220 (8%)

25 (0.9%)

74 (52%)

19 (3.6%)

Pneumonia

698 (25%)

123 (4%)

95 (67%)

159 (30%)

Meningitis

13 (0.5%)

<4

4 (3%)

13 (2.4%)

Urinary tract infection

68 (2.5%)

27 (1%)

15 (11%)

2 (0.4%)

Skin or soft tissue, incl. abscess

5 (0.2%)

<4

2 (1.5%)

5 (1%)

Osteomyelitis or septic arthritis

17 (0.6%)

<4

1 (0.7%)

3 (0.6%)

Description
Bacteremia/ septicemia

Pre-ART: These represent events ever occurring in the cohort.33
Post-ART era: These represent first-time events only. Only diagnoses with four or more events are reported.29
c
Spectrum of disease in HIV-infected children hospitalized for bacterial infections34
d
Causes of death and hospitalization only. Half received TMP-SMX versus placebo. It is unclear whether the arthritides were
infectious.35
a

b

or a combination of both community- and hospitalacquired infections. The proportion of H. influenzae has been influenced by the introduction of the
H. influenzae type B (Hib) vaccine—in 1991 in the
United States and in 1999 in South Africa.

Clinical Findings and Diagnosis
The burden of disease for bacterial infection
includes almost every organ system, including
the central nervous system (i.e., meningitis), lung,
mastoid, bone and joints, and gastrointestinal tract.
Concomitant bacteremia is common. Abscess formation in internal organs and skin can also occur
(see Table 7). Otitis media (OM) and acute sinusitis
are also common.
Pneumonia
By far, the most frequent cause of bacterial morbidity in all HIV-infected children is pneumonia.
This is true both with and without TMP-SMX
prophylaxis. 35 Although HIV-infected children
922

have a greater risk of bacterial infections than
their HIV-negative counterparts, 32 the relative
prevalence of these infections does not seem to
be significantly different in HIV-positive and
HIV-negative children, though some have suggested that meningitis tends to be less common
in HIV-infected children. 33 It is clear, however,
that bacterial infections are more invasive, more
likely to disseminate, and have worse outcomes
in HIV-infected children.1,33,39 In addition, HIVinfected children often have multiple diagnoses
and polymicrobial infections.33,39
Acute and Chronic Otitis Media
In various cohorts from different settings, including the United States,42 Thailand,43 and Africa,44
acute OM and chronic OM have been common in
HIV-infected children. In a Nigerian cohort of HIVinfected children, almost all of whom were receiving ART, 11% had discharging ears, 86% of which
were chronic serious otitis media (CSOM).44 In a
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Table 8. Bacterial Isolates from HIV-Infected Children from Different Settings with
Serious Bacterial Infections*
United States
1988–1992
n=54 (%)a

S. Africa
1997–1998
n=82 (%)b

S. Africa
2002–2006
n=90 (%)c

S. Africa 2002
n=62 (%)d

20 (37)

41 (50)

21 (23)

24 (39)

8 (15)

10 (12)

14 (16)

11 (18)

E. coli

—

7 (9)

5 (6)

2 (3)

Klebsiella
pneumoniae

—

—

11 (12)

1 (2)

H. influenza

2 (4)

19 (35)

8 (9)

1 (2)

—

3 (4)

12 (13)

1 (2)

9 (17)

1 (1)

6 (7)

17 (27)

—

—

2 (2)

6 (10)

5 (9)

—

5 (6)

—

S. pneumoniae
S. aureus

Salmonella species
Other streptococci
Enterococci
Enterobacter
Other gram
negatives

2 P. aeruginosa
1 Kingella kingae
1 acinetobacter
1 Clostridium
perfringens

1 Neisseria
meningitidis

1 P. aeruginosa
4 acinetobacter

1 Serratia
marcescens
1 campylobacter
1 acinetobacter

Coagulase-negative staphylococcus excluded
Bacterial isolates from any culture-confirmed infections. Half of the children received intravenous immunoglobulin (IVIG),
and some received TMP-SMX.36
b
Blood cultures from children with community-acquired pneumonia.40
c
Blood culture results in hospitalized, HIV-infected children with sepsis, lower respiratory tract infection (LRTI), or meningitis41
d
Positive blood cultures in hospitalized children with severe LRTI. Culture results may be biased due to handling of cultures.39
*

retrospective cohort analysis from South Africa,
Karpakis et al documented otorrhea in 104 (32%)
of 326 children who did not have ready access to
ART.45 The median CD4 percentage in children
with otorrhea was 17.5% (8.3%–23%) versus 21%
(14%–28%) in those without otorrhea (P=004). In
a Brazilian cohort, all of which were on ART, 33%
of the children had OM, either acute, chronic, or
serous; 14% had sinusitis; and 8% had tonsillitis.
In addition, a handful of these children had serious
sequelae, such as peritonsillar abscesses, mastoiditis,
and cholesteatoma.46

Sinusitis
The prevalence of sinusitis in cohorts from
resource-limited settings is slightly lower than in
the United States,42 probably due to underrecognition in these settings, where sinusitis must be
diagnosed clinically. In a U.S. cohort of 376 children prior to ART, there were 95 episodes of sinusitis, 67% of which presented with persistent nasal
discharge and 55% with nocturnal or persistent
cough.37 Therefore, in children living with HIV,
there should be a high index of suspicion for diagnosing and treating sinusitis, even in the absence of
pediatric and adolescent hiv care
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a

acute symptoms, such as headache, facial pain, or
fever. It appears that the risk of OM decreases with
improved immunological status; however, the risk
of sinusitis is independent of CD4 count.37,42

Diagnosis
Pneumonia can be diagnosed based on clinical and
radiological findings. Otitis media can be diagnosed
by direct visualization of the ear. Sinusitis can be
diagnosed based on history, ranging from prolonged
purulent nasal discharge to fever and facial pain.

Antimicrobial Treatment
The empiric treatment of bacterial infections in
HIV-infected children in resource-limited settings
should take into account the region’s antimicrobial
susceptibility patterns (see Table 9). Recommended
empiric therapy for HIV-infected children in Cape
Town, South Africa, is shown in Table 10. The
clinician must be certain to include viral, fungal,
and mycobacterial infections in the differential
diagnosis of bacterial infections and must treat
accordingly.

Prevention of Bacterial Infections
The most effective public-health approach to
improving infectious disease burden is through vaccination. However, children living with HIV mount
immune responses of variable efficacy to vaccines.47
These responses are particularly poor pre-ART,
though they generally improve after immune reconstitution.48-50 Effective vaccines are licensed for Hib
and S. pneumoniae. Both are polysaccharide protein
conjugate vaccines. The Hib vaccine is now widely
available in developing countries. Although the estimated efficacy of the Hib vaccine is decreased and the
risk for vaccine failure is increased in HIV-infected
children,51,52 the introduction of the Hib vaccine
into countries with high HIV prevalence has greatly
decreased the Hib disease burden.53 In 2000, a pneumococcal conjugate vaccine (PCV) was licensed in
924

the United States. Although PCV is less immunogenic in HIV-infected children than in uninfected
children,54 its efficacy also seems to improve in children receiving ART.50 A similar nine-valent PCV has
been extensively studied in South Africa, and similar efficacy is seen in these HIV-infected infants.55,56
Unfortunately, PCV is not yet widely accessible to
children in developing countries.

Tuberculosis and HIV
Epidemiology
The HIV pandemic has led to a resurgence of TB
in both adults and children in regions where there
is a high prevalence of both infections, such as
sub-Saharan Africa.57 Childhood TB contributes
to significant morbidity and mortality, with more
than 800,000 children diagnosed with TB globally
in 2000, representing more than 10% of the world’s
total TB cases. HIV-infected children run a high risk
of acquiring TB from an adult household member
with sputum-positive TB. For example, a household
contact study in Uganda reported that 10% of the
children and 1.9% of the adults developed TB infection after exposure to an adult with sputum-positive
TB.58 Young age, immunosuppression due to HIV,
and malnutrition lead to progressive primary TB
with increased morbidity and mortality.59
The prevalence of TB in HIV-infected children depends on the prevalence of TB in the
adult population. The seroprevalence of HIV in
childhood TB cohorts from different regions varies from between 10% in West Africa to as high as
60% in southern Africa. In hospitalized children
with culture-confirmed TB from South Africa,
49% were HIV-infected, as opposed to 19% of
similar children in Côte d’Ivoire.60,61 Studies of
HIV-exposed cohorts have documented a 10-fold
increase in the incidence of TB in HIV-infected
versus HIV-uninfected children. 62 A Zambian
autopsy study of HIV-infected children found
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Table 9. Antibiotic Susceptibilities of the Most Common Organisms Isolated from Blood Cultures of
Children with Serious Bacterial Infections in South Africa and Uganda
% Susceptible
H. influenzae

S. aureus

E. coli

Salmonella
species

Enterobacteriaceae

58

0

65

17

9

—

South Africab

46

89

—

14

—

—

South Africac

25*

100

—

—

—

Ugandaa

0

0

23

0

26

—

South Africab

52

94

40

14

—

—

South Africac

0**

0

33

—

—

28

Ugandaa

62

—

60

—

—

—

South Africab

—

—

40

—

—

—

South Africac

—

—

23

—

—

—

Uganda

73

100

68

100

91

—

South Africab

89

—

—

86

—

—

South Africa

—

—

—

—

45

Ugandaa

100

100

40

—

—

—

South Africab

97

—

61

—

—

—

South Africac

—

—

—

—

—

Ugandaa

43

50

88

83

83

—

South Africac

—

—

19

—

—

45

South Africab

—

—

80

86

—

—

South Africac

—

—

100

—

—

90

Piperacillin/
tazobactam

South Africac

—

—

—

—

—

69

Meropenem

South Africac

—

—

—

—

—

100

Penicillin/
ampicillin

TMP-SMX

Cloxacillin/
methicillin

Cefotaxime/
ceftriaxone

Uganda

a

a

c

Erythromycin

Gentamicin

Amikacin

pediatric and adolescent
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S. pneumoniae

Percent susceptible given for HIV-infected and HIV-negative malnourished children57
Percent susceptible given for HIV-infected children only39
c
For HIV-infected children only38
*50% had intermediate sensitivity
**Only one organism tested; resistance was 90% for nasopharyngeal isolates
— = not tested
a

b
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TB infection in 20% of the deceased children.63
The increasing rates of TB in HIV-infected children have been recognized, and research is ongoing to identify preventive strategies to reduce
morbidity and mortality secondary to TB in HIV
coinfected children.64

Clinical Findings and Diagnosis
The clinical presentation of TB is similar in HIVinfected and uninfected children, with pulmonary TB (PTB) being the most common form.
However, disseminated and extrapulmonary TB
(EPTB) are more prevalent in HIV-infected children.65 Persistent or recurrent fever, chronic or
intermittent cough, weight loss, and failure to
thrive are the most common presenting symptoms. However, because of the nonspecific nature
of the signs and symptoms, many children with
TB are not diagnosed or are diagnosed late, leading to a delay in treatment and a high rate of
mortality. On the other hand, overdiagnosis of
TB in children coinfected with HIV also occurs
frequently because of the other HIV-related
pulmonary manifestations, such as lymphoid
interstitial pneumonitis, bronchiectasis, and
Kaposi’s sarcoma. These conditions may mimic
TB but may also occur concurrently with pulmonary TB.66
Generalized lymphadenopathy may be due to
disseminated TB or HIV; the correct diagnosis
can only be confirmed with a lymph node aspirate, biopsy for mycobacterial culture, or histopathological diagnosis. Many different clinical
scoring systems have been developed to assist
in the diagnosis of childhood TB. However,
most scoring systems for childhood TB diagnosis exhibit low sensitivity and poor correlation
between the different systems.67 The Mantoux
skin test is considered positive at greater than or
equal to 5 millimeters in HIV-infected children.
However, most HIV-infected children with TB
926

have a negative tuberculin skin test due to the
underlying immunosuppression.
TB remains the major OI, presenting as
immune reconstitution inflammatory syndrome
(IRIS) in children initiating ART. It usually presents within the first two months after initiation
of therapy.68,69

Laboratory Diagnosis
The gold standard for TB diagnosis is a positive
mycobacterial culture from body fluid, including sputum, gastric aspirates, ascitic fluid, pleural
fluid, cerebrospinal fluid, bone marrow aspirate,
or other sterile sites. However, most childhood
TB is diagnosed from a variety of signs and symptoms combined into a clinical algorithm. In most
childhood TB studies, less than 50% of sputum
cultured is positive for mycobacteria.60-62,65 Three
early-morning gastric aspirates or an induced
sputum are recommended for diagnosis of pulmonary TB, though the sensitivity still remains
low at 30% to 50%. However, one induced sputum has been found to be as sensitive as three
early-morning gastric aspirates, regardless of the
child’s HIV status.70
The sputum is cultured on Lowenstein-Jensen or
Middlebrook 7H10 (solid media) or Middlebrook
7H9 (liquid media / mycobacteria growth indicator tube [MGIT]). Standard mycobacterial cultures require six to eight weeks for mycobacterial growth; however, the BACTEC system from
Diagnostic Systems enables mycobacterial growth
within 10 to 14 days. When available, ultrasound
and computed tomography (CT) scan of the chest,
abdomen, and/or head to visualize enlarged lymph
nodes and granulomatous lesions may assist in the
diagnosis of EPTB.
Newer blood tests, including the whole-blood
interferon gamma assay (QuantiFERON) and the
TB ELISPOT assays, have been developed and
tested in the field. Some studies have reported that
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Table 10. Empiric Therapy for Selected Severe Bacterial Infections in Children with Proven or
Suspected HIV Infection in Cape Town, South Africa*
Infection

Antibiotic

Alternatives

Consider Adding

Sepsis (community
acquired)

Ampicillin +
gentamicina

Ceftriaxone, if intrinsic renal impairment

Plus cloxacillin for communityacquired sepsis or vancomycin for
hospital-acquired sepsis if S. aureus
suspectedb

Sepsis (hospital
acquired)

Piperacillin/tazobactam + amikacina

Lower respiratory
tract infection (community acquired)

Ampicillin +
gentamicina

Lower respiratory
tract infection (hospital acquired)

Piperacillin/tazobactam + amikacina

Vancomycin† if S. aureus suspected

Meningitis (community acquired)

Ceftriaxone

Ampicillin if < 2 months old
plus
Vancomycin if high prevalence of
resistant pneumococcus or fever not
responding after 48–72 hrs in the
absence of other cause

Meningitis (hospital
acquired)

Ceftriaxone

Meropenem (if
Enterobacteriaceae
suspected)

Urinary tract infection
(inpatient)

Gentamicin or
cefuroxime

Ceftriaxone (if renal
impairment)

Urinary tract infection
(outpatient)

Amoxicillin + clavulanate or cefuroxime

Acute osteomyelitis/
septic arthritis

Cloxacillin

If younger than 2 yr:
ceftriaxone; switch
to cloxacillin if
S. aureus cultured

Sinusitis

Amoxicillin/
clavulanate

Ceftriaxone

Vancomycinc if staph suspected
Add erythromycin if suspected
atypicald
Plus cloxacillin if S. aureus
suspected

Vancomycinc

Clindamycin or vancomycinc
pediatric and adolescent
hiv care

Cefuroxime

*Until isolates and susceptibilities known
a
Peak and trough levels after 24 hours
b
Consider S. aureus if there is an indwelling catheter, thrombophlebitis, breakdown, empyema, and so forth. Consider
methicillin-resistant Staphylococcus aureus (MRSA) if recent hospitalization.
c
Peak and trough levels after 24 hr if MRSA confirmed, to prevent vancomycin resistance
d
Strongly consider high-dose TMP-SMX for Pneumocystis jirovecii pneumonia in hypoxic infants under 12 months of age
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the ELISPOT assay in the field is more sensitive for
TB latent infection than the standard tuberculin
skin test.71

Treatment
The recommended treatment for TB in children who
are smear negative is three drugs—isoniazid (INH),
rifampicin (RIF), and pyrazinamide (PYZ)—for
two months, followed by four months of RIF and
INH, to complete a total course of six months. If the
child has smear-positive TB, then the recommendation is to initiate treatment with four drugs, including INH, RIF, PYZ, and ethambutol (ETH) for two
months, followed by four months of INH and RIF.
The six-month short-course regimen is still recommended by WHO, regardless of the child’s HIV status.72 However, many experts have recognized the
high relapse rates and thus recommend extending
the length of treatment to nine months. Schaaf et al
reported nine second episodes of TB (relapse and
reinfection) among 56 HIV-infected children who
had culture-confirmed TB and who were followed
for a median duration of 39 months.73
Currently, there are no completed studies to
confirm the most appropriate duration of TB treatment in HIV-positive children coinfected with TB.
Poorer TB treatment outcomes, including slower
response to anti-TB treatment and higher mortality, have been reported in HIV-infected children.
In addition, multidrug-resistant TB is on the rise,
especially in HIV coinfected adults, leading to an
increased risk in children.74-77

Prevention
There is clear evidence that Bacille CalmetteGuérin (BCG) vaccination reduces the incidence of severe TB in children. Thus, BCG is still
widely implemented during the neonatal period
in many developing countries where both HIV
and TB are prevalent. In 2006, WHO recommended that infants who are known to be HIV
928

infected should not receive BCG vaccine, even
if they are asymptomatic.72 The basis for this
new recommendation was the increasing number of reports of disseminated BCG disease in
HIV-infected children who received BCG vaccine at birth, even when they were asymptomatic. However, most infants are of unknown HIV
status when immunized at birth, making these
recommendations difficult to implement in most
resource-limited settings.
Prophylaxis with INH is recommended by
WHO, as well as by most national TB guidelines,
for all children under five years who are exposed
to a sputum-positive adult. However, because of
the logistics and costs of implementing this intervention, many developing countries do not comply with these guidelines. Furthermore, there
is a concern about the potential risk of treating
active TB disease with one drug leading to emergence of drug resistance. Zar et al64 reported the
benefit of INH prophylaxis in a randomized control trial in HIV-infected children who received
INH or placebo and documented a 50% reduction in mortality in the INH arm versus those
on placebo.

Summary
• HIV-infected children in high-TB and highHIV-prevalence settings are at a high risk of
acquiring TB because of their young age, underlying immunosuppression, and the high prevalence of TB in their environment.
• The clinical presentation of TB in children
is similar, regardless of HIV status, with pulmonary TB remaining the most common
manifestation.
• Response to treatment tends to be poor and
mortality higher in HIV/TB coinfected children.
However, some children who do not respond to
treatment may present with other pulmonary
manifestations of HIV that mimic TB.
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• The WHO-recommended duration of treatment
for pulmonary TB in HIV-infected children is
six months; however, some experts and guidelines recommend an extension to nine months.
• Preventive INH therapy is effective in reducing
the incidence of TB and associated mortality in
HIV-infected children.
• The management of the HIV-infected child
coinfected with TB includes timely diagnosis
and appropriate and prompt treatment of HIV
infection and TB.

pediatric and adolescent
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• Although clinical scoring systems have been
developed to assist in the screening and diagnosis of childhood TB, most lack specificity and
have not been validated in HIV-infected children. The Mantoux skin test is less sensitive and
chest X-ray is less specific for diagnosis of TB in
these children.
• The new blood tests, including QuantiFERON
and TB ELISPOT assays, have been developed
for diagnosis of latent and active TB but are not
yet used routinely in the field.
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lobally, there are 1.7 billion
young people aged 10 to 24 years, representing one-quarter of the world’s
population, with over 85% living in developing countries.1 While young people in developing countries have a mortality rate of less than
3%, HIV and AIDS have reduced their chance
of surviving to age 60 by 20% in the hardest-hit
countries.2 At present, young people represent
the fastest-growing cohort of new HIV infections
globally, accounting for roughly 40% of new HIV
infections among people aged 15 and over in
2007; over 5 million young people are currently
living with HIV, and more than 5,000 young people between the ages of 15 and 24 years are newly
infected every day.3,4 These global figures likely
underestimate the total burden of HIV borne by
young people, as there has been no systematic
evaluation of the numbers of youth who are longterm survivors of perinatal infection.
The previously held belief that long-term survival of perinatally infected children is exceptional
has recently been challenged. New programmatic
evidence and estimations of the effect of HIV on
child mortality show that up to 13% of perinatally
infected children may survive until 10 years of age,

the majority of whom present to health services
with signs and symptoms of chronic HIV infection.5,6 Given that the global scale-up of prevention of mother-to-child transmission (PMTCT)
programs, especially in high-burden countries, has
occurred only in the last decade, it is likely that this
cohort may contribute significantly to the estimates
of young people living with HIV. Despite dedicated
efforts to scale up HIV prevention, it is likely that
the numbers of youth living with HIV will continue to increase. This is due to continued transmission of HIV (i.e., via mother-to-child transmission, sexual transmission, and injection drug use),
the increasing long-term survival of HIV-positive
children and young people due to investments in
and roll-out of pediatric HIV care and treatment
programs globally, and the challenges of scaling up
successful prevention strategies for young people.
The current estimates of young people living
with HIV do not, however, reflect the unequal
regional burden of disease or the underlying
national and regional drivers of the pandemic: subSaharan Africa is home to almost two-thirds of all
young people living with HIV, followed by Asia.
In Eastern Europe and Central Asia, young people
account for the largest proportion of the overall
pediatric and adolescent hiv care
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Table 1. Global Epidemiology of HIV Infection in Young People
Young People (15–24) Living with HIV
Main Modes of Transmission
East Asia and Pacific

IDU, SW, MSM

Eastern Europe
(CEE/CIS)

IDU, SW

North Africa and
Middle East

Female

Male

Total

110,000 (18%)

450,000 (79%)

560,000

100,000 (29%)

240,000 (71%)

340,000

Heterosexual unprotected
sex, IDU

47,000 (58%)

35,000 (42%)

82,000

Sub-Saharan Africa

Heterosexual unprotected
sex, MTCT

2,500,000 (78%)

780,000 (24%)

3,280,000

Latin America and
Caribbean

MSM, heterosexual sex

140,000 (33%)

280,000 (67%)

420,000

South Asia

Heterosexual sex, IDU, SW,
MSM

270,000 (38%)

440,000 (62%)

710,000

3,167,000 (57.4%)

2,225,000 (40.7%)

5,321,000

Totals

CEE = Central and Eastern Europe; CIS = Commonwealth of Independent States; IDU = injection drug use; SW = sex work;
MSM = men who have sex with men; MTCT = mother-to-child transmission
Source: Adapted from United Nations Children’s Fund (UNICEF).3

number of HIV infections, where nearly half of the
people living with HIV are younger than 25 years
(see Table 1).7
While historical data point to unprotected heterosexual sex and mother-to-child transmission
(MTCT) as the primary drivers of the HIV epidemic in sub-Saharan Africa, there is increasing
documentation of both noninjection and injection
drug use, and related HIV risk and transmission.8,9
It is unclear, however, to what degree this affects
young people living in sub-Saharan Africa. The
centrality of high-risk behaviors, such as noninjection and injection drug use, commercial sex work,
and unprotected sex between men, is especially
evident in the HIV epidemics of Asia, Eastern
Europe, and Latin America.
Given the significance of young people in the
global HIV pandemic, the past decade has seen
an increased focus on articulating key goals and
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commitments by the global community to address
youth in the context of HIV.
While promising steps have been made toward
achieving the Millennium Development Goals and
UN General Assembly Special Session on HIV/
AIDS prevention targets for comprehensive, correct knowledge of HIV and the use of condoms
during high-risk sexual activity, efforts to systematically address the care and treatment needs of HIVpositive youth have been largely absent from global
and national programming.3,10 Despite young people’s increased risk of HIV infection and the commitment of the international community to address
this vulnerable population, the needs of young people are often overlooked when national HIV/AIDS
strategies are designed and implemented.13 Where
youth-centered national policies do exist, implementation challenges often negatively impact their
operationalization at the service delivery level.14

From the ground up: Establishing a Framework for Success

Global Goals on Young People and HIV

In many settings, young people encounter significant obstacles to accessing health-related information and services. Legal barriers, such as laws
regarding age of consent, may prevent many young
people from accessing services such as voluntary
counseling and testing (VCT).15 A review of access
to HIV counseling and testing services for youth in
developing countries revealed that the legal age of
consent is often set at the age by which the majority of youth are already sexually active. Oftentimes,
criteria such as pregnancy, marriage, or sexual
activity may “emancipate” the minor for purposes
of consent.16 Further, while some countries, such
as Brazil and Uganda, allow medical professionals
to provide care to clients under the age of medical consent if health-care workers deem the service in the best interest of the young person, this
is not the norm. This exclusion is compounded
by the fact that youth are disproportionately poor
and unemployed and, thus, often lack a voice to

least 95% of young men and women should
have access to the information, education, and
youth-specific services necessary to reduce their
vulnerability to HIV infection.11 Regarding the
path to achieving these goals, the declaration
from the 2006 UN High-Level Meeting on AIDS
explicitly urges heads of governments and their
representatives to “commit ourselves to addressing the rising rates of HIV infection among
young people to ensure an HIV-free future generation through the implementation of comprehensive, evidence-based prevention strategies,
responsible sexual behavior, including the use
of condoms, evidence- and skills-based, youthspecific HIV education, and the provision of
youth-friendly health services.”12

make their interests and concerns known to policymakers.17 Case studies have shown that due to
their age and cultural barriers, young people may
be denied access to the full range of information
and services needed to protect themselves against
infection. Where services do exist, youth are often
discouraged from utilizing these services due to
poor treatment by facility staff and the judgmental attitudes of health providers.18-20 In addition,
youth often hesitate to access services close to their
homes out of fear of inadvertently encountering
family or community members.21
Given the centrality of young people in the global
HIV pandemic, halting the spread of HIV will
require the implementation of a more robust, systematic, and evidence-based approach to care and
support for young people at risk of and living with
HIV, with key attention to overcoming the barriers
to access and utilization of health services by young
people. The challenges of providing youth-centered
pediatric and adolescent hiv care
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he need to give specific
attention to young people has already
been endorsed by governments in a range
of international forums, including the five-year
follow-up to the Cairo International Conference
on Population and Development (ICPD+5), the
Millennium Summit, the 2001 United Nations
(UN) General Assembly Special Session on
HIV/AIDS and its five-year review, as well as
the 2002 UN General Assembly Special Session
on Children and the 2002 Youth Employment
Summit. Specific targets have been agreed on
to reduce global HIV prevalence among young
people by 25% by 2010. Beyond this, the 2001
UN General Assembly Special Session on HIV/
AIDS committed to ensuring that by 2010, at

HIV services require a strategic country-specific
approach that is inclusive of young people in terms
of both coverage and acceptability. While a significant body of evidence has been generated over the
past decade on programming for young people,
this has been largely limited to sexual and reproductive health services. Key lessons can be gleaned
from this large body of work, but without adequate
implementation and evaluation of this body of work
as it relates to HIV, it is uncertain to what degree
these lessons will be able to inform programming
for HIV-positive young people. In light of the vital
importance of a multisectoral response to HIV for
young people, this chapter will focus on the contributions of the health sector in addressing HIV and
AIDS among this often invisible population affected
by the HIV and AIDS pandemic.

Patterns of Infection
In addition to understanding the type of HIV
epidemic and its drivers, it is also important to
understand how the mode of HIV transmission
may affect both clinical and individual responses
to care and treatment services. Vertically infected
youth have unique clinical and programmatic challenges that are reflective of many other chronic
illnesses. There is evidence from cohorts of perinatally infected children in the United States, and
emerging evidence from Africa, that not all perinatally infected children experience rapid deterioration of clinical status, and that many will survive
into adolescence, presenting with signs of chronic
infection such as failure to thrive, delayed puberty,
or recurrent respiratory tract infections, skin complaints, and diarrhea.5,22 Perinatally infected youth
who have been on long-term antiretroviral therapy
(ART) are more likely to be in advanced stages of
HIV disease and immunosupression; have a history
of opportunistic infections (OIs) with complications or disabilities; have a significant antiretroviral

938

(ARV) exposure history, associated drug resistance,
and sequelae of long-term ART (e.g., lipodystrophy, etc.); require combination ART to control
viremia; and have a greater dependency on caregivers due to physical and developmental disabilities with resulting greater difficulty in achieving
functional autonomy.23 Innovative evidence from
a recent study of perinatally infected adolescents
aged 15 to 19 in Uganda who were aware of their
HIV status provided key insights into the sexual
and reproductive needs of this unique population.24 The study results revealed that many of these
young people were dating, and the majority who
were not currently parents had the desire to have
children later in life. Approximately 33% of interviewed youth had had intercourse, and 39% were in
a serodiscordant relationship; only 44% of sexually
active youth were using some form of contraception on a regular basis. In addition, of those youth
in relationships, 62% had never discussed their
HIV serostatus with their current partner and 67%
did not know the HIV status of their current partner. This research, the first of its kind, underscores
the imperative to move programming for vertically
infected youth beyond the medical model to support young people in navigating their sexual and
reproductive health needs responsibly.
In contrast, young people infected horizontally
through high-risk behaviors (e.g., unprotected sex,
sex work, injection drug use) are more likely to be
in earlier stages of HIV disease, more likely to have
fewer complications of OIs, more likely to have no
previous ARV exposure and associated drug resistance, less likely to require ART, and more likely to
achieve functional autonomy.25 In addition, studies
of horizontally infected youth in the United States
and Europe have demonstrated a significant immunologic reserve, which indicates that they may have
a fuller response to ARV or immune-based therapies, compared to that seen in adults.25,26
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Adolescence, commonly divided into three general
stages (i.e., early, middle, and late), is a developmental phase defined by a variety of physical, cognitive, and psychosocial changes (Table 2). Physical
development refers to the process of puberty and
the acquisition of physical maturity. Cognitive
development refers to the transition from concrete
thinking to more abstract thought. Psychosocial
development refers to a variety of tasks, including
separation or independence from family, and the
achievement of educational or vocational goals.

due to lower levels of comprehensive knowledge
about HIV and a lower percentage of condom use
as compared to same-age boys.28 The influence and
contribution of structural inequities cannot be
underestimated as a significant contributor to the
risk of HIV acquisition in young women. Gender
norms often dictate that women and girls be ignorant and/or passive about sex, which greatly constrains their ability to negotiate safer sex or access
appropriate services.29 Similarly, gender norms
often cast women as being primarily responsible for
reproductive and productive activities within the
home, in contrast to men, who are often cast as the
primary economic actors and producers outside the
home. Such gender stereotypes can result in young
women having much less access than young men
to key resources such as education, income, and
employment; this significantly reduces their power
to negotiate the use of protection (i.e., condoms)
with their partners and their ability to access care,
treatment, and support services.

Gender Differences

Marital Status Differences

Gender plays an integral role in determining a
young person’s vulnerability to HIV infection and
his or her ability to access care, support, or treatment. Global data have shown that more than half
of all young people aged 15–24 living with HIV
are women.3 Research has demonstrated that HIV
prevalence in young women in certain settings is
up to six times that in sexually active men aged
15–19 and up to three times that in men aged
20–24.27 The heightened biological susceptibility of
young women (e.g., immaturity of the genital tract
in young girls) and higher prevalence of ulcerative
sexually transmitted infections such as herpes simplex virus type 2 in young women can account for
some of this increased vulnerability. While there
has been progress in achieving many global goals
for prevention among young people, a gender differential still places many young girls at higher risk

Globally, there have been declines in early marriage (prior to 18 years of age) for young women,
but the number of girls married by the age of 18
is still substantial.30 While the numerous negative
consequences of early marriage for adolescent girls
have been well documented, the needs of married
adolescents have been largely neglected by HIV
researchers and programmers, despite the fact that
they represent a sizable proportion of adolescents at
risk for HIV.31 This is partly because the adolescent
policy and programming agenda, in its brief history, has been framed by the priorities and cultural
experience of developed countries, where the proportions of married adolescents are relatively low.32
However, new research indicates that in most of the
26 countries worldwide that collect data on sexual
activity among married and unmarried adolescents,
the majority of sexually active girls between the ages

In working to promote the health of young people
worldwide, it is also crucial to recognize that not all
young people are the same. Young people’s experiences vary according to their age, gender, marital
status, school status, and socioeconomic status,
among other variables.

Age and Developmental Differences
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Factors Influencing HIV
Vulnerability

Table 2. Stages of Adolescence
Category of
change

Early

Middle

Late

10–13 to 14–15 years

14–15 to 17 years

17–21 years (variable)

Growth

Secondary sexual
characteristics appear
Growth accelerates and
reaches a peak

Secondary sexual
characteristics advance
Growth slows
Approximately 95% of adult
stature attained

Physically mature

Cognition

Concrete thinking dominates
(“here and now”)
Does not perceive longrange implications of actions

Thinking is more abstract but
reverts to concrete thinking
under stress
Better understanding of
cause-effect relationships
Very self-absorbed

Established abstract
thinking;
future-oriented
Perceives long-range options

Psychosocial

Preoccupied with rapid
physical growth,
body image, mood swings

Reestablishes body image
Preoccupation with fantasy
and idealism
Sense of all-powerfulness
Experimentation (sex, drugs,
friends, risks)

Plans and pursues longrange goals
Usually comfortable with
body image
Establishment of ethical and
moral value system

Family

Defining boundaries of
independence/dependence
Argumentative and
disobedient

Conflicts over control

Transposition of childparent relationship to
interdependent adult-adult
relationships

Peer group

Serves a developmental
purpose
Intense friendships with
same sex
Contact with opposite sex in
groups

Strong peer friendships
Peer group defines behavior

Decisions/values are less
influenced by peers in favor
of individual friendships
Selection of partner based
on individual preference
rather than opinion of others

Sexuality

Self-exploration and
evaluation
Preoccupation with romantic
fantasy

Formation of stable
relationships
Testing ability to attract
opposite sex
Sexual drives emerge

Mutual and reciprocal sexual
relations
Plans for future
More capable of intimate,
complex relationships

Source: Adapted from World Health Organization (WHO), Commonwealth Medical Association Trust, and UNICEF.33

of 15 and 19 years are married. Of equal or greater
relevance to the spread of HIV is the fact that sex
within marriage in these countries is overwhelmingly unprotected.34 For example, across the 26 countries, 80% of unprotected sexual encounters among
young people occurred within marriage. Married
940

adolescents are also more likely to have older partners, who in turn are more likely to be HIV-positive
as reflected in a study conducted in Kisumu, Kenya,
in which 30% of male partners of married adolescent girls were HIV-positive, while only 11.5% of the
partners of unmarried girls were HIV-positive.35,36
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School is the institution, aside from the family, that
plays the most important role in the socialization
of the young and also has the power to influence
the behavior of young people both directly and
indirectly. For example, research in a variety of
developing-country settings has shown that adolescents who are not in school are much more likely to
engage in risky sexual behavior.37 Further, studies
show that young people who are already sexually
active and enrolled in school are much more likely
to use contraceptives and condoms than are sexually active young people who are not in school.38
There are multiple pathways by which the school
can influence young people’s behaviors, and more
research is needed to clearly reveal these trajectories. For instance, it may be that the school creates a safe and supportive environment for young
people, where they are free from the exploitation
and abuse that they may face at home. It may also
be that school is the one place where young people
learn about HIV and the behaviors that transmit
HIV through the implementation of life skills–
based education. However, as some studies suggest,
it could also be that poverty is the underlying factor that exacerbates young people’s vulnerability to
HIV, and that those who are poor are simply less
likely to be in school.34,39

Framework for a
Comprehensive Response
An effective and comprehensive response for the
prevention and treatment of HIV among young
people requires commitment from all sectors of the
national government. It is imperative that youth be
included in the development and implementation of
national policies, guidelines, and training materials.
In addition, government commitment is required to
ensure that adequate resources (financial, human,
etc.) are dedicated to address the need for youthfriendly HIV-related services and activities.

Adults such as community leaders and caretakers often serve as the gatekeepers for access to
health and other services for young people. For
young people to adequately access HIV-related
information and services, dedicated efforts to
mobilize community support for these services
are needed.
There is also an urgent need for accurate, relevant, age- and developmentally appropriate,
and nonjudgmental health information targeting
young people. This material can support increased
treatment literacy, promote HIV counseling and
testing, support behavior change, and provide
information for parents, caregivers, and guardians of youth infected and affected by HIV. This
represents an important opportunity to engage
other sectors in this effort. While the health sector
can lead the development of facility-based information, education, and communication material,
other sectors, such as education, the media, and the
community, can play a key role in these efforts due
to their frequent interaction with young people.

The Health Sector Response:
Youth-Friendly Services
To be effective in preventing and treating HIV
among young people, the health sector must carry
out three important tasks: (1) provide youthfriendly health services; (2) mobilize and offer
technical support to other sectors of the government and civil society; and (3) collect, analyze, and
disseminate information about the spread of HIV
among young people.
There is no one-size-fits-all approach to providing health services to young people. There are
some guiding principles, such as linking prevention and care, linking HIV services with services
relating to other adolescent sexual and reproductive health problems and interventions, and making existing services more responsive to the specific needs of young people. However, different
pediatric and adolescent hiv care
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School Status Differences

interventions and delivery strategies are likely to
be needed to provide prevention and care services in different types of epidemics, and specific
outreach strategies will usually be necessary for
reaching the adolescents and youth most at risk.
In addition, it is essential to ensure adequate
referral systems within the health sector (from
VCT to clinics, from clinics to hospitals, from
general practitioners to specialized services, etc.)
and between the health sector and other sectors
and organizations.
Regardless of the country or cultural setting,
one of the key ingredients that has been shown
to be effective in providing health services to
young people is ensuring that they are youth- or
adolescent-friendly.

• Appropriate. Health services at the point of
service delivery meet the needs of adolescent
clients. If an adolescent client seeks help for the
management of a sexually transmitted infection
and these services are not being provided, the
point of service delivery is not meeting the individual’s needs.
• Effective. The services make a difference in
improving the health of adolescents. The necessary skills, equipment, and supplies are in place
to provide quality services for adolescents.
Table 3 provides a detailed list of youth-friendly
characteristics that are essential for every health
facility or program that intends to reach out to
adolescents. They are organized according to the
five broad characteristics listed above.

Defining Youth- or Adolescent-Friendly
Health Services
There are many variations of the definition of adolescent- or youth-friendly health services. Simply
stated, “Adolescent-friendly health services have
policies and attributes that attract adolescents to
the facility or program, provide a comfortable and
appropriate setting for adolescents, meet the needs
of adolescents, and are able to retain their adolescent clientele for follow-up and repeat visits.”19
For services to be considered “youth-friendly,”
the World Health Organization (WHO) has agreed
upon a set of overarching characteristics40:
• Accessible and equitable. All adolescents are
able to use the services if they wish. All the
essential health services that adolescents need
are being provided in ways that make it possible
for all adolescents to use them.
• Acceptable. Adolescents are willing to use
the services that are available. Health workers and health facility staff are trained to provide services to young people in a way that is
respectful and that ensures client privacy and
confidentiality.

Models of Youth-Friendly Services
While there is little documentation of youthfriendly HIV care and treatment services, significant work by national governments and local and
international partners has focused on the implementation and evaluation of youth-friendly sexual
and reproductive health services, and many of these
lessons learned may be applicable in programming
for HIV-positive youth. Youth-friendly services
can be provided in a variety of contexts, including
specialized adolescent health centers, communitybased health facilities (including stand-alone units
or adolescent corners and providers), school-based
health services, community-based centers (which
may offer other services such as health information, recreation, or help with literacy or mathematical skills), pharmacies and shops, and outreach services for marginalized young people.41 While there
are several different models for youth-friendly services, not all are cost-effective, and not all increase
service utilization. In reality, there is no imperative to creating parallel systems and facilities. The
global consensus is that the greatest benefit comes
from improving existing health services in local
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communities and by improving the competencies
of health-care providers to effectively address the
needs of adolescent populations.42
In line with this recommendation, HIV services for young people can be integrated into
pediatric clinics, adult clinics, or, where resources
are available, stand-alone clinics (Box 1). While

pediatric HIV care models are often familycentered (i.e., care is offered in a discreet, childfriendly manner), teen services are generally seen
as supplemental to existing services. The issue
of HIV status disclosure, and young people’s
right to confidentiality and/or consent, is a key
issue in the treatment of adolescents. Services

Table 3. Essential Characteristics of Youth-Friendly Health Services
EQUITABLE: Services are provided to all people who require them.
Characteristic

Definition

Policies and procedures do not restrict the
provision of services.

There are no policies or procedures that restrict the provision
of health services to adolescents on the basis of age, sex,
social status, cultural background, ethnic origin, disability, or
any other area of difference.

Health-care providers and support staff treat
all adolescent clients with equal care and
respect, regardless of status.

Health-care providers and support staff administer the same
level of care and consideration to all adolescents, regardless
of age, sex, social status, cultural background, ethnic origin,
disability, or any other difference.

Characteristic

Definition

Policies and procedures ensure that health
services are either free or affordable to
adolescents.

All adolescents are able to receive health services free of
charge or are able to afford any charges that might be in
place.

The point of service delivery has convenient
working hours.

Health services are available to all adolescents during times
of the day that are convenient to them.

Adolescents are well informed about the
range of reproductive health services
available and how to obtain them.

Adolescents are aware of what health services are being
provided, where they are provided, and how to obtain them.

Community members engage in respectful
and participative discussion with health-care
providers, creating a shared understanding
of adolescent health and development and
increased support for reproductive health
service provision.

Community members (including parents) are well informed
about how the provision of health services could help their
adolescents. They support the provision of these services as
well as their utilization by adolescents.

The provision of health services by selected
community members, outreach workers, and
peer-to-peer educators is implemented in a
way that effectively reaches adolescents.

Efforts are made to provide health services in close proximity
to where adolescents are located. Depending on the situation,
outreach workers, selected community members (e.g., sports
coaches), and adolescents themselves may be involved in
these efforts.

pediatric and adolescent hiv care
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ACCESSIBLE: Ready access to services is provided.

Table 3. Essential Characteristics of Youth-Friendly Health Services (cont.)
ACCEPTABLE: Care meets the expectations of the people who use the services.
Characteristic

Definition

Policies and procedures guarantee client
confidentiality.

Policies and procedures maintain adolescent confidentiality
at all times (except where staff are obligated by law to report
incidents—such as sexual assaults, road traffic accidents, or
gunshot wounds—to the relevant authorities). Policies and
procedures address the following:
n Registration—information on the identity of the adolescent and the presenting issue or complaint is gathered in
confidence
n Consultation—confidentiality is maintained throughout the
visit at the point of delivery (i.e., before, during, and after a
consultation)
n Record keeping—case records are kept in a secure place,
accessible only to authorized personnel
n Disclosure of information—staff do not disclose any information given to or received from an adolescent to a third
party (e.g., family members, school teachers, or employers)
without their consent

The point of service delivery ensures privacy.

The point of service delivery is located in a place that ensures
the privacy of adolescent users. Its layout is designed to
ensure privacy throughout an adolescent’s visit. This includes
the point of entry, the reception area, the waiting area, the
examination area, and the patient-record storage area.

Health-care providers are nonjudgmental,
considerate, and easy to relate to.

Health-care providers do not criticize their adolescent patients
even if they do not approve of their words or actions. They
are considerate to their patients and reach out to them in a
friendly manner.

The point of service delivery ensures that
consultations occur within a short waiting
time, with or without an appointment, and
that referrals (where necessary) are provided swiftly.

Adolescents are able to consult with health-care providers
at short notice, regardless of whether they have a formal
appointment. If their medical condition requires that they be
referred elsewhere, the referral appointment should also take
place within a short time frame.

The point of service delivery has an appealing and clean environment.

The point of service delivery is welcoming, attractive, and
clean.

The point of service delivery provides information and education through a variety of
channels.

Informational materials that are relevant to the health of adolescents are available in different formats (e.g., posters, booklets, and leaflets). They are presented in a familiar language,
are easy to understand, and are eye-catching.

Adolescents are actively involved in the
assessment and provision of health services.

Adolescents are given the opportunity to share their experiences in obtaining health services and to express their needs
and preferences. They are involved in certain appropriate
aspects of health service provision (e.g., peer education).
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Table 3. Essential Characteristics of Youth-Friendly Health Services (cont.)
APPROPRIATE: Required care is provided, and unnecessary and harmful care is avoided.
Characteristic

Definition

The required package of health care is
provided to reflect and fulfill the individual
needs of all adolescents, either at the
point of service delivery or through referral
linkages.

The health needs and problems of all adolescents are
addressed by the health services provided at the point of
delivery, or through referral linkages. The services provided
meet the special needs of marginalized groups as well as the
general population.

EFFECTIVE: Care produces positive change in the health status or quality of life of the client.
Characteristic

Definition

Health-care providers have the required
competencies to work with adolescents.

Health-care providers have the required knowledge and
skills to work with adolescents and to provide them with the
required health services.

Health-care providers use evidence-based
protocols and guidelines.

Health service provision is based on protocols and guidelines
that are technically sound and of proven usefulness. Ideally,
they should be adapted to the requirements of the local situation and approved by the relevant authorities.

Health-care providers are able to dedicate
sufficient time to deal effectively with their
adolescent clients.

Health-care providers allow for sufficient time to deal with
their adolescent clients.

The point of service delivery has the
required equipment, supplies, and basic
services necessary to deliver the essential
care package.

Each point of service has the necessary equipment, supplies
(including medicines), and basic services (e.g., water and
sanitation) needed to deliver the health services for which it
is required.

for young people are often provided in the context of adult clinics, where providers do not have
specific training in the care of young patients.
Since these adult clinics tend to be quite large,
newly diagnosed young people and those transitioning from pediatric care can often “slip
through the cracks.”

Key Considerations for Implementing
Youth-Friendly Health Services
When developing youth-friendly services for the
prevention and treatment of HIV among young
people, it is important to take a number of factors
into consideration.

In any given community, it is important to
recognize differences among young people and
to be prepared to adjust programming to respond
to these differences. Age, gender, marital status,
and socioeconomic status often influence how
health services are accessed and used by young
people. While global data show that there are
lower levels of investment in the health, nutrition, and education of young girls, multicountry service utilization data on youth-friendly
reproductive health services indicate that young
women aged 19 to 24 are more likely to visit government facilities than are young men; young
men aged 20 to 24 utilized services more than
pediatric and adolescent hiv care
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Box 1. Service Delivery Models for Youth-Friendly Services
Model Type

Description

Adult clinics

In Colombia, PROFAMILIA (Asociación Pro-Bienestar de la Familia Colombiana) began
basing youth-friendly services inside adult clinics after dedicated youth facilities proved
costly and difficult to sustain.43 PROFAMILIA now offers youth-friendly services in 35 cities
and towns across Colombia. Where young clients are numerous, managers set aside
space and assign personnel exclusively for young people. Elsewhere, young people
share clinic space and providers with adult clients. Regardless of the service model, all
staff members are trained on young people’s special reproductive health and family
planning needs.

Youth clinics

The Pediatric Infectious Disease Clinic at Mulago Hospital in Kampala, which is managed
by the Baylor-Uganda Children’s Foundation, cares for more than 5,000 children and
adolescents. Following a needs assessment in 2003, an outpatient adolescent HIV clinic
was established; it now cares for over 800 HIV-positive young people between the ages
of 12 and 24, the majority of whom were infected through MTCT. Young people are seen
on designated days of the week and benefit from comprehensive health services that
include sexual and reproductive health services and a robust psychosocial support
program that is designed to address the needs of early, middle, and late adolescence
(S. Kitaka, e-mail communication, June 12, 2008).
The Health and Education Alternatives for Teens (HEAT) Program, established in 1992
with funding from the New York State Department of Health AIDS Institute through
the Research Foundation of the State University of New York, is the only program
of its kind in Brooklyn, New York, to offer comprehensive medical care, supportive
services, and access to clinical research for HIV-positive and at-risk youth aged 13 to 24.
HEAT provides age- and developmentally appropriate, culturally competent care for
heterosexual, lesbian, gay, bisexual, and transgender black and Latino youth. The fullservice clinic embraces a philosophy of “one-stop shopping,” where all HIV-related care
is provided by an interdisciplinary team, eliminating the barriers that youth often face
when trying to access health care. HEAT’s adolescent-focused model puts the young
person in the center of his or her care and involves the client in all decisions about his
or her treatment and other services. The program supports both on-site and outreach
HIV counseling and testing, outpatient medical care, and mental health and case
management, and emphasizes transition to adulthood by helping young people build
the necessary life skills to maximize their potential to live productive lives. These include
financial skills such as budgeting, skills for independent living (housing, education, and
career), knowledge and responsibility for health care, social skills, developing a social
network, responsible sexual behavior, and the ability to use community resources (J.
Birnbaum, e-mail communication, May 22, 2008).

Youth corners
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In Zimbabwe, the Family Planning Service Expansion and Technical Support (SEATS)
project collaborated with the Gweru City Council to establish youth corners at adult
clinics. These spaces were located away from the busiest parts of the clinic to give young
people a private place to talk with peer educators and to read informational materials.
Peer educators could refer young people who wanted clinical services to nurses who
were specially trained in youth-friendly services.44
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Box 1. Service Delivery Models for Youth-Friendly Services (cont.)
Model Type

Description

Social franchising

In Madagascar, a franchised network of more than 120 private youth-oriented clinics
offers young people family planning and sexually transmitted infection services, and in
some cases HIV/AIDS counseling and testing. TOP Réseau franchise members share a
brand name and business strategy. Flexible hours, discreet locations, inviting surroundings, and subsidized fees help make the clinics youth-friendly, while special training, job
aids, on-site supervision, and regular monitoring ensure good quality of care.45,46

Workplace clinics

In Bangladesh, adolescent girls make up most of the workforce at many garment and
fish-processing factories. Teams of providers from the Marie Stopes Clinic Society offer
family planning, antenatal care, and treatment of sexually transmitted infections and
gynecological problems along with health education at over 140 of these factories;
employers subsidize the cost of services.47

Outreach services
for disadvantaged, displaced,
and marginalized
young people

The Uganda Youth Development Link (UYDEL) offers services such as family planning,
treatment of sexually transmitted infections, and HIV counseling and testing to street
children and adolescent sex workers at conveniently located drop-in centers and mobile
outposts. Teams of health providers make weekly visits to the outposts, which are placed
at clubs, restaurants, and other places where youth congregate.48,49

Youth-friendly
retail outlets

Cities across Mexico are replicating the youth-friendly pharmacies pioneered in
Guanajuato, Mexico, by the Centro Latinoamericano para Salud y Mujer (CELSAM). The
project trained pharmacy staff on adolescent reproductive health, stocked the pharmacies with posters and informational materials, and promoted the youth-friendly outlets in
schools, cafés, bars, and discos, as well as via a telephone hotline and a Web site.50

Multipurpose
youth centers

Youth centers offer recreational and vocational activities such as games, movies, and
computer training, along with information, counseling, and services on pregnancy
prevention and the prevention and diagnosis of sexually transmitted infections,
including HIV. Program evaluations in Latin America and sub-Saharan Africa, however,
have cast doubt on their sustainability and cost-effectiveness. Most young people use
youth centers for recreation rather than services; those using services tend to be older,
and recreational activities raise costs.51,52

young men aged 15 to19, with the youngest age
groups (10 to14) having the fewest visits. 54-56
The traditional location of these services within
maternal and child health clinics may explain
some of these differences.
Subpopulations of young people, such as outof-school youth; street youth; youth using drugs or
alcohol; gay, lesbian, bisexual, and transgendered

youth; sex workers; and youth with mental and
physical disabilities, may tend to engage in behaviors that put them at higher risk for pregnancy,
sexually transmitted infections, and HIV infection.
Specific strategies, which may include the implementations of both static facilities and outreach
campaigns, are required to reach these groups with
information and services.57
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Meeting the Psychosocial Needs of Children and
Adolescents Living with HIV through Health Worker
Training
Susan Strasser
Elizabeth Glaser Pediatric AIDS Foundation, Zambia

C

hildren living with HIV
struggle with many psychosocial issues
that could be effectively dealt with
through competent basic counseling and support. While psychosocial support is commonly
mentioned as an important component of comprehensive care for children living with HIV
infection, it is often vaguely defined, given lip
service, or perceived as an “add-on” activity. In
addition, there has been a lack of training curricula and job aids to enable health-care workers
to provide meaningful psychosocial support to
children in need.
A number of issues affect children’s psychological and social well-being. As parents and
caregivers, we often misread children’s attempts

Special Considerations for HIV-Positive
Young People and Those Most at Risk
of HIV Infection
Sexual and Reproductive Health
The further development of youth-friendly health
services in resource-limited settings must address
the unmet reproductive and sexual health needs of
young people. Efforts are increasingly focused on
ways to provide youth-friendly HIV care together
with youth-friendly sexual and reproductive health
services. When these services are combined, youth
can receive the full spectrum of care required to
both prevent and treat HIV and other sexually
transmitted infections, while other important
issues such as reproductive health and PMTCT for
young mothers are addressed as well.
948

at communicating intense feelings and worries,
and in the process children’s voices go unheard
or are misunderstood. Many children do not
know their HIV status; receive conflicting messages about their chronic health-care needs; and
are dealing with parents’ deaths, property grabbing, stigma, and discrimination. This breakdown in communication can affect a child’s
ability to trust and develop positive self-esteem
as well as his or her confidence and ability to
problem solve. To address this gap, a new psychosocial care and counseling training program
has been developed and field-tested in a number of African countries by CRS AIDSRelief,
a President’s Emergency Plan for AIDS Relief
(PEPFAR)–funded care and treatment program

Psychosocial Support
Numerous factors contribute to the psychological
health of HIV-positive children and adolescents. First
and foremost is the challenge of managing a serious
and at times life-threatening chronic illness within
the context of the already demanding developmental
tasks and changes associated with adolescence. Most
adolescents with chronic illnesses face the constant
threat of their illness interfering with their psychosocial as well as physical development. Taking medications on a regular schedule, a task so important to
the control of their infection, becomes an additional
challenge, as many children and adolescents whose
families may have been disrupted by the illness end
up living with surrogate caregivers who may not
understand the importance of adherence to therapy.
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This may be compounded by frequent changes in living environments and conditions.
Second, there is the inherent stigma of the disease for both the patient and his or her family. This is
most clearly evidenced in the constant struggle these
patients and families face surrounding the issue of
disclosure. This can be a challenge both within the
family and outside the family. “Who should know?”
and “How much should they know?” are common
questions asked by families. Children and adolescents
living with HIV face enormous stigma, and the range
of reactions resulting from this stigma can have serious, long-lasting impacts on their lives. For example,
many children have been disowned and isolated by
their family members and friends, marginalized by
those closest to them in life because of their HIV-

This course is meant to be adapted and modified to fit the local context and priority needs
of local health-care workers and counselors.
For example, in the first training conducted in
Zambia, the curriculum was adapted to include
time for the creation of simple tools to improve
communication with children, such as dolls,
puppets, modeling clay, rattles, and mobiles, as
these were not commonly available in the clinic
setting. Also, a job aid on the benefits of disclosure was developed through group work and
made into a handout for each participant.
Participants have described the course
as “an eye-opener” and as “a milestone in
my life!” as they learned to help children tell
their stories and make their own decisions.
When asked about specific skills gained, people expressed simply, “how to say it,” “talking with rather than to children,” “speaking
the language that the children are familiar
with,” and “active listening with the eyes, ears,
and heart!”

positive status. Often stigma arises from a lack of
knowledge regarding how the disease was contracted
and how it may be transmitted. To avoid unintended
disclosure, many youth resort to hiding medications
from family members and disguising the true intent
of their medical appointments. The demands of complex drug regimens coupled with the potential side
effects are quite burdensome for youth; the need to
hide their diagnosis makes the proper management
of their health even more challenging.
Parental influence often creates further challenges
for youth; many parents do not want their children
to know their own status for fear that the children
will then know the parents’ HIV status. Many parents
experience a profound sense of guilt for transmitting
the virus to their child or for not protecting the child
pediatric and adolescent hiv care

949

pediatric and adolescent
hiv care

in partnership with the African Network for
the Care of Children Affected by HIV/AIDS
(ANECCA).
Developed as a two-week training program
entitled “Psychosocial Care and Counseling for
HIV Positive Children and Adolescents,” the
course includes a series of modules as well as
an accompanying video. The 14 modules cover
key topics such as child development, family
systems, communicating with children, disclosure, and adherence, as well as legal and ethical issues. The video, developed for educational
purposes only, includes actual sessions with
HIV-positive children and adolescents as they
work through difficult issues such as disclosure,
stigma, and sexual abuse. The course explores
and challenges common barriers to pediatric
care and treatment (such as caregivers’ fear and
reluctance to disclose an HIV-positive diagnosis to a child), discussing adolescent sexuality
and practical issues such as inadequate legislation governing the rights of children.

from other causes of infection (e.g., sexual abuse).
Furthermore, the child becomes responsible for maintaining the secrecy regarding who in the family is
HIV-positive. The secrecy and lack of family discussion regarding HIV has further implications as these
children reach puberty and begin dating. In many cultures, sex and sexuality are not discussed within the
family, which means youth are not getting information regarding ways they can engage in normal adolescent development as a responsible, HIV-positive
adolescent. These overwhelming factors can lead to
depression, further impacting adherence to treatment
regimens and medical care. Unfortunately, these youth
have few if any opportunities to sort through the challenges related to being HIV-positive, since in many
resource-constrained settings, mental health services
are either unavailable or under-resourced.
Transitions to Adolescent and Adult Care and
Treatment Services
Transitioning, as it relates to HIV-positive
young people moving to adult care settings,
can be defined as the purposeful, planned
movement of adolescent and young adults
with chronic physical and medical conditions from child/adolescent-centered to
adult-oriented health care systems.
—Miles et al58
Transitioning to adult services poses many
challenges for young people living with HIV. The
higher patient load typical of adult care settings is
often accompanied by decreased time with healthcare workers, which can negatively impact the
development of the personal bonds and trust that
are critical for young people.58 The loss of trusting
relationships with health-care workers in pediatric/adolescent clinics can be compounded by the
lack of youth-friendly skills of many providers in
adult services. New service locations, exposure to
diverse patient populations in adult services, and
the challenges of increased responsibility for their
950

own health can pose significant barriers to successful transitions.59
While there is a lack of robust evidence to outline the ideal time and best models for transitioning HIV-positive young people to adult-oriented
services, several principles derived from experience with transitions from other disease programs
can help guide this process (Box 2).

Health Service Providers
While the increasing recognition of adolescent
medicine as a pediatric subspecialty has increased
the ranks of specialized providers in the United
States and several European countries, scaling up
services staffed by dedicated service providers for
young people is not feasible in most resource-limited settings. Therefore, a variety of service providers at multiple levels of the health system need to
be engaged and oriented to provide high-quality
and effective HIV prevention, care, and treatment
services for young people. Consideration should be
given to government health workers at all levels,
those providing services for young people through
nongovernmental organizations, private practitioners, and community caregivers (including traditional healers). In addition, youth should have a
role in the planning, support, and promotion of
these services, to ensure buy-in and relevance to
the target population, and to partially relieve the
burden on overstretched staff.
Research from both developing and developed
countries indicates that the most important factors cited by young people as real or perceived
barriers to accessing sexual and reproductive
health services are a lack of provider competency and discriminatory attitudes.19,41 This is not
surprising, given that the basic principles and
practices of working with adolescents are not a
routine part of health worker preservice and inservice training, leaving providers ill equipped to
appropriately address the health issues of young
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Box 2. Key Elements of Transitional Care
Beginning Early
When children enter the pediatric service, they should know what to expect and when they can expect to
leave it. It is important to understand, however, that transitioning ideally takes place during a stable time
when patients are chronologically as well as behaviorally and psychologically ready.
Fostering Independence
Many adolescents with chronic conditions are at higher risk than their peers for unnecessary dependency,
developmental difficulties, and psychosocial delay.60 To support increasing autonomy and self-reliance,
greater emphasis can be placed on providing opportunities for young people to take an increasingly active
role in their health care. New responsibilities can include activities such as self-management, scheduling
appointments, refilling medications, finding transportation, and discussing educational and vocational goals.27
Skills training in areas such as communication, decision making, problem solving, assertiveness, self-care, and
self-advocacy can also support the development of autonomy to support successful transitions.
Transition Planning
Having a designated professional to help facilitate the transition is invaluable to support the young person
and his or her family in making a successful transition. The development of detailed transition plans and an
accompanying portable, accessible, medical summary can help ensure a smooth transition between services
and health-care providers.61

people. Standardizing the training of service providers is an important aspect of the development
of services for the prevention, treatment, and care
of HIV among young people. This can be done
through a comprehensive training program on
adolescent health, by including an HIV-related
module in existing health training programs, a
focusing on the development of specific skills such
as HIV counseling and testing,b or by developing
modules that focus on the specific problems of
adolescents, for inclusion in ongoing HIV/AIDS
training programs for health workers.c

To address the gap in training materials focused
on adolescent issues, various organizations and
international bodies have developed training curricula for health-care workers who provide services
for young people.63-68 These training curricula are
intended to increase provider competency in the
provision of youth-friendly services and address
topics such as normal adolescent development,
adolescent sexual and reproductive health, counseling skills (that address provider biases), and
clinical care guidelines for young people. In addition, these curricula highlight key issues in working

S ee, for example, WHO. Optional Adolescent Module for National IMAI/ART Training Programmes. Geneva, Switzerland: WHO; 2008.
See, for example, Pan American Health Organization (PAHO). Youth-Centered Counseling: A Guide for Front-Line Providers.
Washington, DC: PAHO; 2005.
c
See, for example, WHO. Guidance on provider initiated testing and counselling in health facilities. http://libdoc.who.int/
publications/2007/9789241595568_eng.pdf. Published 2007.
a

b
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Partnership with Adult Services
Partnerships between adult and pediatric/adolescent services can facilitate the successful transition to
adult health services. Training programs for adult health-care providers that address transitional care
and that provide orientation regarding working with young people is a key element of this partnership.
Gradual introduction of young people to adult providers through group visits to the adult clinic and/or joint
consultations with adult and pediatric/adolescent providers that transition to consultations with only adult
providers can also help in this process.62

Tracy’s Story: Life as an HIV-Positive Teenager

T

racy is a perinatally HIVinfected 15-year-old girl. She is one
of seven children. Tracy has been on
antiretroviral medications since age six, and
failed first-line treatment approximately two
years ago. Her biological father does not live
in the home full-time, as he travels to find
work. Thus, Tracy is responsible for a significant amount of care for her younger siblings, including providing meals and supervision. She has numerous chores to tend
to in the home and is expected to help out
where needed. Her mother is often delayed
in getting home from work, as she must comply with her employer’s requested hours to
maintain her job. Tracy and her family live
on limited resources; feeding the family can
be a day-to-day challenge that often ends in
relying on community members for food.
Tracy describes herself as a good student; she

with HIV-positive youth, such as the differences
between vertically and horizontally infected youth
and how these differences influence health-seeking
behaviors and clinical needs, disclosure to vertically
infected young people, disclosure of HIV status to
sexual partners, prevention for positives (including harm-reduction strategies), and the challenges
of adherence to care and treatment regimens.
It is important that health providers for youth
are prepared and willing to screen for adolescent
risk behaviors and age-appropriate developmental
curiosities. The clinic visit is a unique opportunity
to provide adolescents with accurate health information that they might otherwise not receive. As
a part of the education process, it is important to
address issues that may be sensitive or difficult for
952

explains how she is very disappointed when
she is unable to attend school, but unfortunately this is a common occurrence.
Tracy is on a twice-a-day dosing schedule, but given the requirements regarding
food intake with certain medications and the
amount of time that needs to elapse between
the two doses, she must wake up at 5:30 a.m.
to eat and receive her first dose of medication.
Her evening dose begins at 5:30 p.m.; she
uses the start of a local TV show to remind
her that it is time to take her medication.
Tracy explains how she is tired of taking her
medications, and the fatigue is overwhelming
for her. Through teary eyes she acknowledges
how much she misses her father and the
role he has played in keeping her motivated
to stay on treatment. She talks about being
tired of this way of living but not knowing
any other way; she often questions whether

them to talk about, in language that is understandable and adolescent friendly (i.e., the tone should be
informative and friendly rather than judgmental).
Care providers need to appreciate that adolescents
are developing young adults, most of whom will
need to manage their health care independently.
As such, including them in decisions related to the
management of their illness and encouraging independent decision making facilitates their development into responsible adults. This empowerment
can have a positive impact on their adherence to
medication and compliance with medical appointments. Often caretakers will need to be involved
in this process, many of whom will require some
reeducation regarding adolescent development and
how to deal constructively with the adolescent’s
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emerging independence. This may include coaching the caretakers about appropriate language to
use when talking to their child about sensitive topics such as sex.

A Minimum Package of Services
A growing body of evidence shows that there are a
range of services that can be provided through the
health system to contribute to the prevention, care,
and treatment of HIV among young people.
These services include the following:
• Information and counseling to help young
people develop the skills needed to abstain from
sex, limit their numbers of partners, use condoms correctly and consistently, and strengthen
their ability to avoid infection

Tracy continues to display very good
immunologic signs in relation to her HIV
infection. However, it is clear that there are
numerous factors potentially impacting her
adherence to treatment and the management
of her illness. Likewise, her emotional wellbeing is strained, and there are no outlets or
resources to help her address the numerous
psychosocial difficulties present in her life.
Unfortunately, Tracy’s story is not unique.
Many teens around the world face very similar circumstances, with limited resources to
address them. Adolescent-friendly interventions are increasingly necessary, as vertically
infected children are aging into adolescence
due to the effectiveness of antiretroviral medications. Adolescent risk behaviors, such as
unsafe sexual practices, are yielding more
HIV-positive adolescents, and nonconsensual
sex is being forced upon young girls. Due to
these and other factors, the number of HIVpositive adolescents is increasing worldwide.

• Condoms for young people who are sexually
active and sterile injecting equipment for those
who are injecting drugs
• Diagnosis of and treatment for sexually
transmitted infections to decrease HIV infection and to identify individuals who are having
unprotected sex so that they can receive HIV
counseling and testing
• HIV testing and counseling,41 which is an
essential entry point for young people to access
HIV-related services
• Care, support, treatment, and prevention for
young people living with HIV and AIDS20
• Adult male circumcision, as there is now compelling evidence that male circumcision is protective against HIV transmission from women
pediatric and adolescent hiv care
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it is “worth it.” Tracy often stays with relatives for varying periods of time, where she is
not allowed to let them know her HIV status.
Under these circumstances it becomes quite
difficult to be adherent to her medication
regimen, as she must hide her medications.
She struggles with this same issue when staying over with friends. Tracy explains how
secrecy is a constant part of her illness management. When it comes to her friends, she
does not disclose to anyone. She says she has
a boyfriend who does not know her status.
When asked whom she talks with about the
challenges of being a teenager and trying to
manage her social life, she replies that there
is no one; conversations about sex are completely off limits. Tracy admits to having sex
with her boyfriend but is certain to use condoms each time. She describes her family and
the broader culture as a place where sex is
almost a taboo subject. “I don’t even tell my
doctor about that,” she explains.

to men,69 and that it is an important intervention to consider, particularly in countries where
there is a high HIV prevalence and a low circumcision rate.70
In selecting a package of adolescent care services
for a particular country, it will be important to have
baseline HIV/AIDS data from this group, as well as
details on risk behaviors and what types of health
services are currently being accessed by young people. Some specific factors to consider in defining the
package of services include the following71:
• The estimated HIV-related morbidity and mortality among the population as a whole, and the
share of this burden that falls on adolescents,
as well as unhealthy practices adopted during
adolescence that could result in morbidity and
mortality later in life
• The feasibility and cost of the recommended
interventions (especially in the context of going
to scale)
• The provision of health services as part of other
initiatives to address problems and needs identified (e.g., national programs addressing HIV/
AIDS that are not focused on a particular age
group)
Each health system will need to select a package of services that reflects the specific needs of the
young people in the target setting. In most countries, however, services should include
• information and counseling to reduce risky
behavior;
• interventions to reduce the harmful effects of
risky behavior; and
• testing, treatment, and care of young people
with sexually transmitted infections, including
HIV.57
With national and regional considerations
in mind, it is important to clearly articulate a

comprehensive package of services that is to be
provided for HIV-positive young people (see
Table 4). While the majority of the elements of
the package are identical to services for adults or
younger children, providing services in an ageand developmentally appropriate manner and
ensuring that the services are responsive to the
particular population of young people is critical.
In addition, to the degree that it is feasible, providing the convenience of integrated services can
help attract and retain young clients.

Health System Policies and Standards
Policies
The health sector needs to contribute to and disseminate a broad evidence base for effective interventions for HIV prevention and care. However,
there are some policy issues that are of specific
importance to the provision and use of health services for HIV prevention by young people and that
may either facilitate or obstruct access to the services by those who need them. These include policies and laws that restrict the provision of services
and commodities to young people, and those that
have an impact on young people’s ability to use the
services that are provided. For example, policies
relating to consent and confidentiality for minorsa
are particularly relevant for those seeking VCT
services. It is important that a systematic review of
existing laws and policies affecting the provision
and use of services be included when a situation
analysis is carried out.
Standards
The past decade has seen the development of programs to define and implement standards for health
services in both developed and developing countries. The development of standards can help in

See, for example, WHO South-East Asia Regional Office (SEARO). Consent and Confidentiality: Increasing Adolescents’ Access to
Health Services for HIV and Sexual and Reproductive Health: Report of a Regional Consultation. New Delhi, India: WHO SEARO;
2007.
a
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Table 4. WHO Recommended Minimum Package of Services for Young Client
Minimum Package of Services

Minimum Plus
(in addition to the minimum package)

HIV testing and counseling
Treatment for:
n OIs, including PCP, TB, and candidiasis
n Diarrhea (ORS)
n Malaria
n Deworming

n

Prophylaxis (primary/secondary) for:
OIs, including PCP and cryptococcus
n Malaria (IPT, mosquito nets)

n

ARVs (first and second line)

ARVs (third line/experimental)

Prophylaxis (primary/secondary) for:
TB
n MAC

PMTCT and antenatal care
Complete history and clinical examination
including weight and height
n including a focus on STI signs and symptoms
n

Sexual and reproductive health
Condoms/contraception/emergency contraception
n Family planning
n Pregnancy options and support
n Sex education

Termination of pregnancy

n

Prevention with/for positives
Counseling for prevention
n Positive (healthy) living
n Family testing
n PEP
n Condoms
n Substance abuse counseling
n Clean needles and syringes for injection drug
users (i.e., access to harm-reduction services)
n

n

Family-/home-based VCT

pediatric and adolescent
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Psychosocial counseling
Mental health screening and referral
n Adherence counseling
n Disclosure counseling
n Clinic-based peer support group
n

Nutrition counseling
Laboratory
Pregnancy
n Hemoglobin
n Syphilis
n Sputum
n CD4 lymphocyte count
n

Nutrition support
n
n
n

Pap smear
Viral load
Resistance testing
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Table 4. WHO Recommended Minimum Package of Services for Young Client (cont.)
IEC materials
n Prevention
n Treatment literacy
n Disease literacy
n Living positively
n Existing legal rights (as they apply locally)
Effective referral system with follow-ups
Linkages with family, community, NGO services
n Linkages with other youth services
n Connections with legal institutions
n

Immunizations
Tetanus toxoid

n

Immunizations
Hepatitis B
n Pneumococcal
n Human papillomavirus
n

OI = opportunistic infection; PCP = Pneumocystis jirovecii pneumonia; TB = tuberculosis; ORS = oral rehydration salts;
IPT = intermittent preventive treatment; ARV = antiretroviral; STI = sexually transmitted infection; PEP = postexposure
prophylaxis; NGO = nongovernmental organization; MAC = mycobacterium avian complex; VCT = voluntary counseling
and testing; PMTCT = prevention of mother-to-child transmission; IEC = information, education, and communication
Source: WHO and UNICEF.20

establishing and maintaining youth-friendly HIV
prevention, care, and treatment services and can
serve as a foundation for ongoing quality improvement processes at institutional and national levels.40,41 The development of criteria is a critical element of this process, as a means to assess whether
the developed standards have been attained.
Evidence from an assessment of South Africa’s
National Adolescent Friendly Clinic Initiative
(NAFCI) has shown that setting and implementing standards and criteria improves the quality of
adolescent services in clinics.72

Facility Changes
There is ample programmatic evidence to show that
changes made in facilities can increase young people’s
utilization of health services.73,74 These changes may
include increasing the physical accessibility of health
services by holding clinics in special youth centers or
in places that are regularly accessed by young people;
offering services in places that are easily accessible
through public transportation; and extending clinic
956

hours to evenings or weekends, when young people
are not working or in school. Creating physical surroundings that provide a welcoming environment
(e.g., the paint on the walls, posters, chairs, clear
advertisement of the clinic, a separate entrance for
youth) is another important component of making
a facility more adolescent-friendly. In addition, it is
vital to ensure that privacy and confidentiality are
upheld when young people enter the health facility
and meet with their health providers.75
As cost can create a significant barrier to young
people’s ability to utilize health services, free or
subsidized services are preferable. Evidence indicates that the utilization of cash transfers and programmatic vouchers to subsidize the cost of services may provide a useful approach to increasing
health service utilization and to providing services
to young people.45-47,76-79

The Role of Family and Community
In addition to improving the supply of health services, it is also important to generate demand from
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South Africa and the National Adolescent Friendly Clinic
Initiative: Standards for Certification80

the youth in the community. To do this, families
and communities need to be informed about the
availability of services through a range of channels,
including youth groups, the media, and schools.
This information needs to include not only details
about the availability of services (when and where),
but also information about why young people
should use the services, and information to allay
young people’s anxieties about using them. As
there is considerable stigma surrounding HIV and
sexuality among young people, community acceptance of HIV-related services can be critical to their
success. It may be necessary to find some respected

4. The clinic’s physical environment is conducive to the provision of adolescentfriendly health services.
5. The clinic has the drugs, supplies, and
equipment necessary to provide the
essential service package for adolescentfriendly health care.
6. Information, education, and communication promoting behavior change are provided, consistent with the essential service
package.
7. Systems are in place to train staff to provide effective adolescent-friendly health
services.
8. Adolescents receive an adequate psychosocial and physical assessment.
9. Adolescents receive individualized care
based on standard case management
guidelines or protocols.
10. The clinic provides continuing care for
adolescents.

“champions” in the community (e.g., religious leaders, youth leaders, local government officials, etc.)
to support the provision and use of health services
by young people for HIV prevention and care. For
services involving treatment and care, support
groups will be required in the community.
A number of innovative approaches have been
devised to increase the demand from young people
who do not currently use services but who may be
vulnerable and in need of such services.
• Outreach. Outreach is necessary for any atrisk population that cannot be reached through
existing health centers and that is not being
pediatric and adolescent hiv care
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n South Africa, the Department
of Health and the loveLife program—
a national HIV prevention program for
youth—have developed and implemented
national standards for youth services that
include clinic policies, the range of services,
staff training, and the assessment and care of
clients. Participating clinics form a quality
improvement team that includes all categories
of staff to assess youth-friendliness, identify
needed improvement, and develop a plan of
action for implementing changes. The National
Adolescent Friendly Clinic Initiative (NAFCI)
has articulated 10 key standards by which adolescent-friendly clinics are evaluated:
1. Management systems are in place to support the effective provision of adolescentfriendly health services.
2. The clinic has policies and processes that
support the rights of adolescents.
3. Appropriate adolescent health services
are available and accessible.

Improving the Reproductive Health Status of Young
People in Kenya: The Nyeri Youth Health Project81

T

he Nyeri Youth Health
Project is an intervention for young people implemented by the Family Planning
Association of Kenya in collaboration with representatives from the community that took place
from 1998 to 2000 with the goal of addressing
the unmet reproductive health needs of 14,000
unmarried young people aged 10–24 living
in the Nyeri municipality in Kenya’s Central
Province. Formative research revealed that both
young people and parents preferred that sexual
and reproductive health information be provided by trusted adults rather than peers. Based
on this research, the Nyeri Youth Health Project
enlisted respected young parents living in the
community to give young people sexual and
reproductive health information and referrals
for services. The counselors, known as Friends
of Youth (FOY), received a month of training
on HIV/AIDS, sexual and reproductive health,

served by existing providers. Outreach activities
can be performed by trained staff or volunteers,
often with the help of trained peers from the
target population, who deliver health services
directly to the community or target population. Outreach may be used to deliver specific
materials, such as condoms, or to promote the
utilization of prevention and care services. The
challenge of this work is to deliver services in a
sensitive manner to marginalized client groups
and to build a relationship based on trust, so
that the target population responds positively.57
• Social marketing. Social marketing uses advertising techniques to promote products and services (e.g., condoms, VCT), which are branded
958

behavior change, and communication skills,
among other basic skills. The FOY also gave
young people in need of services coupons to
visit participating providers; the coupons were
subsidized by the providers and the Family
Planning Association of Kenya. The counselors
made more than 40,000 contacts with young
people and 5,800 contacts with parents during
the project. Simultaneously, providers (mainly
from the private sector) were given training on
youth-friendly service provision. Evaluation
of the project showed a significant increase
in the proportion of young people reporting
healthy behaviors, as seen in the decrease in
sexual activity and the number of partners and
the increase in the percentage of young people
reporting condom use during their last sexual
encounter, abstention from sexual activity, and
discussion of a sexual or reproductive health
topic with a parent or other adult.

and marketed in such a way as to make them
attractive to young people. While social marketing can be effective at generating increased
demand, products or services that must be paid
for are often out of reach for young people who
have no income.57
• Incentives. In certain situations, incentives
can be used to promote preventive programs
that might involve young people making several visits. Incentives can be provided by either
the private sector or the government and can
take several forms, including offering schemes
that make health more “fun” (such as offering
the chance of winning a prize or a ticket to an
event) or offering treatment for health problems
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Engaging Mass Media to Support HIV Prevention for
Youth: Uganda’s Straight Talk Program85

that are of importance to young people but not
necessarily to policymakers (such as menstrual
problems or relationship counseling).82

Involving Young People Living with HIV
Young people living with HIV can play a unique role
in supporting the health sector in its response to the
unique needs of their peers. They can contribute to
the provision of services in many ways, including
serving as counselors, outreach workers, and advisers contributing to policy and program design and
oversight. The type and degree of responsibility
conferred to a young person must be appropriate to
his or her level of training, and support should be
provided to address issues of work-related stress and
burnout. Support should include psychosocial services (e.g., debriefing sessions, “check-in” meetings,
and supportive supervision) as well as services to
address personal growth and development, such as
career building, education, family, health, and work
recognition and incentives.

communication programs revealed significant
positive associations between exposure to ST
media and a number of key outcomes among the
young, including increased reproductive health
knowledge for males and females, with each
incremental exposure associated with greater
knowledge; decreased sexual activity and adoption of secondary abstinence among males, with
additional benefits from incremental exposure;
and increased likelihood of having been tested
for HIV and knowing whether a partner had
been tested, with those exposed to all three ST
media products more than three times as likely
to have been tested for HIV themselves.

While the results of a recent survey of the literature on community-based peer education programs targeting youth in lower-income communities showed positive changes in the knowledge,
attitudes, and behaviors of young people that
would help reduce the risk of exposure to HIV,
there is an ongoing need to carefully monitor
and evaluate the involvement of young people in
program development, implementation, and outcomes.83 Demonstrating positive outcomes associated with this practice will help make a stronger
case for the greater involvement of young people
in all aspects of care.20,84

Sources of Information
Young people may accept information about HIV
regardless of its source, whether it be from friends,
family members, teachers, health-care providers,
religious leaders, or the mass media. The health system must work with these constituents to ensure a
coherent and consistent package of information for
pediatric and adolescent hiv care
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T

he Straight Talk (ST) program
is one of the most successful media initiatives to bring sexual and reproductive
health information to young people in Africa.
The ST program uses three audience-specific
media products to reach young people: a multilingual ST radio show geared toward older
adolescents who are out of school and those
who cannot read, a multilingual ST newspaper
for secondary schools, and an English Young
Talk newspaper aimed at primary schools. In
addition, the ST program implements a variety of school-based and community activities. A recent evaluation of the ST mass media

young people about HIV and related risk behaviors.
Most importantly, the health system must ensure that
the information being used and disseminated by this
network of sources is accurate and up-to-date. Young
people value accuracy, and research indicates that
they trust information given by a nonjudgmental and
friendly health-care provider.20,85,86 As health services
become more accessible and acceptable to young
people, the role of health-care providers in providing
information about HIV will increase.73

Mobilization of and Technical Support to
Nonhealth Sectors
It is important that the health sector interact with
other sectors in the following ways:
• The health sector should enlist the help of other
sectors in strengthening and facilitating health
interventions targeting young people. For example, the education and media sectors can provide
information to young people about the availability of health services, thus generating greater
awareness of and demand for services, along with
greater community support.
• The health sector can also play a role in supporting HIV/AIDS initiatives being undertaken
by other sectors. For example, educational institutions and the media have an important role
to play in providing young people with information, as well as developing their skills and
shaping their beliefs. The health sector should
ensure that the information provided through
these channels is technically sound and consistent with other messages young people are
receiving, and that any strategies that are being
implemented are evidence-based.

Utilization of Information to Inform
Programming
It is important that the health system collect, analyze, and disseminate data on the prevalence and
impact of HIV among young people for the wider
960

research and programmatic community. Such data
are important to monitor progress on global commitments and support the development of youthfocused policies and programs, and they also serve
as a platform for advocacy and for the monitoring
and evaluation of program effectiveness. To this
end, following a global technical consultation, a
set of 16 global and national-level indicators have
been developed and proposed for use in countries
to provide more comprehensive information on
the provision of health services for young people.88
Additional ways to provide data that will better
inform programs targeting young people include
the following:
• Disaggregating routinely collected data by
age, sex, school attendance, and marital status.
This basic requirement, an ongoing challenge
in many countries, is essential for designing
appropriate interventions.
• Collecting data that help programmers understand young people who are most at risk of
HIV, in order to develop and monitor appropriate responses. Specific data can include the
following:
- Percentage of young people who have had
sex before the age of 15
- Percentage of young people who have had
sex with a sex worker in the preceding
12 months
- Percentage of young men who have had anal
sex with a male partner in the preceding
6 months
- Percentage of young people who report intravenous drug use during the past 12 months
- Percentage of young women who have
exchanged sex for money or gifts in the preceding 12 months
• Collecting data to help understand the linkages
needed between HIV/AIDS and other related
public-health problems confronting young
people, such as other sexually transmitted
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The Way Forward
The largest generation of young people in history is
currently entering adulthood. These young people
face numerous social, economic, psychological,
and biological challenges as they transition into
new roles and responsibilities. HIV reflects one
such global challenge facing this vulnerable and
often neglected population. Despite representing
the largest percentage of new infections annually,

and despite the articulation of commitment by
the international community to addressing HIV
infection in youth, HIV-positive young people are
often conspicuously absent from national strategic plans, policies, and guidelines. Oftentimes, the
paucity of systematic research addressing HIV and
youth compromises the implementation and operationalization of evidence-based programming for
young people living with HIV. While advocating
for increased resources for quantitative and qualitative research to guide programming, countries
and organizations must not allow these gaps in
knowledge to serve as an impediment to supporting a greater multisectoral response facilitating the
access and utilization of HIV services by young
people. In the words of a young man living with
HIV in Uganda:
HIV is everyone’s problem and needs the
involvement of all stakeholders including religious people, politicians, scientists, women,
children, and the community . . . What is important, however, is not how one gets infected but
how one can live positively after knowing one is
living with HIV and helping stop further infection . . . I am a free person, and cannot spend a
day without thinking about HIV because it is a
part of me . . . I want to be remembered for contributing to change, and advocating for equality and justice. I am hopeful that when that day
comes, people can look back and reflect on the
struggles and pains some people went through
to help save lives of the future generation . . . I
don’t want to die with the little knowledge I
have. I want to share it with the rest so that it
can be passed on to the future.89
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infections, unplanned pregnancies, alcohol and
substance abuse, and gender-based violence.
Specific data can include the following:
- Percentage of young people who have been
forced to have sex in the last 12 months
- Percentage of young people who have had sex
while intoxicated during the last 12 months
- Percentage of young people who tested positive for a sexually transmitted infection during the past 12 months
- Percentage of young pregnant women who
have tested positive for HIV during sentinel
surveillance at selected antenatal clinics
• Collecting data to help policymakers and programmers understand individual and contextual
factors that increase or decrease young people’s
likelihood of engaging in high-risk behaviors.
Specific data can include the following:
- Percentage of young people who believe their
peers are having sex
- Percentage of young people who believe they
have the ability to refuse unwanted sex
- Percentage of young people who know at
least one formal source of male or female
condoms
- Percentage of young people who feel connected with their parents and/or primary
caregivers
- Percentage of adults who are in favor of
young people being educated about the use
of condoms to prevent HIV
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Mengistu
Zemene
Director of Mekdim (HIV-Positive Persons and AIDS Orphans
National Association), Ethiopia

In 1995, at one of the first public forums
on AIDS in Ethiopia, Mengistu Zemene, a former police officer, listened in shock to one of the
speaker’s comments. The man said that if the government learns a person is infected with the virus,
it should either put them in prison or kill them. “If
they are left alone, they will spread the virus,” the
man said, explaining his reasoning.
Zemene and three other people then gave their
presentations. When they finished, Zemene turned
to the man with the idea of jailing or killing those
infected with the virus.
“One of us who spoke today is HIV-positive.
Could you identify that person?” Zemene asked
him.

written by John Donnelly
photographs by Dominic Chavez

mengistu zemene in his office in
addis ababa, ethiopia
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“I saw so many people coming in who were infected
to support these people.”

The man looked at him dumbfounded.
“It is me,” Zemene said.
The man apologized, saying, “We don’t understand this virus. We don’t know what to do.”
Since then, Zemene, 42, has helped his country
develop responses to AIDS prevention, care, and
treatment. He has also helped the man at the forum
understand that those infected with HIV can play
important roles in society; the two have become
friends in the process.
Zemene formed Mekdim Ethiopia, a group of
people infected and affected by HIV. It started
with 21 members in 1996 and has expanded to
six branches around the country, with more than
5,000 members. Mekdim, which means “pioneer”
in Amharic, oversees treatment and care of those

970

living with HIV and offers support for
orphans.
His impact, say observers, has been
far reaching. “What people love to see
about him is that he is strong and he is
healthy,” said Netsanet Assaye, a radio
journalist based in Addis Ababa.
She remembered a day in 2002
when Zemene graduated from college.
“There was big publicity,” she said.
“It was wonderful for HIV-positive
people, and the rest of the country, to
show that if you have the virus, you
have a future.”
Zemene, a father of two, now wants
to enter a master’s degree program.
“The problem is,” he said, “that I’m so busy with
this work. I don’t have time.”
Q: In the early 1990s, you were coinfected with
HIV and TB, and you started to improve after
taking the TB medication. How did you rebuild
your life?
“What was most important was that I believed I
could live. That helped me grow strong not only in
my body but also with my mind. I approached an
organization of Catholic nuns that was providing
health care. It was the Medical Mission of Mary. I
told them I don’t want your support. I said I wanted
to work. That surprised them, but they promised
me work. Two months later, I was working for
them as a receptionist.”

From the ground up: establishing a framework for success

with HIV. When I saw them, they were afraid. I wanted
Q&A
with
Mengistu
zemene

Q: How did you make the jump into being an activist?
“I saw so many people coming in who were infected with HIV. When I saw them, they were afraid. I wanted
to support these people. So I asked the nuns whether it was possible to start a support group for positives.
They gave me permission. But there was still one issue—the nuns did not know my status. So I told them, and
some thought I was trying to cheat them, that I couldn’t be telling the truth because I looked so healthy. They
didn’t want to believe me. So I showed them my documents, my test results.”
Q: How did you start the support group?
“The nuns sent me to Uganda for training. That was very important. Uganda was far more advanced than
Ethiopia in supporting AIDS patients. I went for two months—one month in a big hospital that was seeing
almost only AIDS patients, and one month training for home-based care. When I returned, I had many ideas.
I was ready to bring positives together.”
Q: Was it difficult in the beginning?
“No. After the first support group meeting, you should have seen their faces. They were so happy, even if they
didn’t know each other. They realized they weren’t the only persons who had HIV. We went out after the
meeting for tea and coffee. It was a kind of a celebration. I felt so great because I was supporting them.”
Q: How did you become publicly known as being HIV-positive?
“The numbers of clients were increasing, the support group was growing, and I decided I needed to start educating the public through conferences, workshops, and the media. I started to share my personal story.”
Q: The group has experienced some trying times. Why was that, and how did you address those issues?
“It had to do with the money coming in. From 1998 to 2000, we started getting funds from donors. Conflicts
started. People wanted to do different things with the money. Some were pushing for personal interests. It
was so bad we closed down for a while. We didn’t talk for six months. Then we negotiated for three months
and we finally solved the conflict. One of the issues was how to include HIV-negative people—orphans, for
instance—and how they could avoid any stigma. We decided to expand the group to make it for people who
are positive and negative and include an element of HIV education.”
Q: What is the group’s biggest challenge ahead?
“It has to do with continuing treatment for those on antiretrovirals. While the government oversees antiretroviral treatment, this is all supported by the U.S. government and the Global Fund. To be sustainable for this
program, we have to do something. If the U.S. government or the Global Fund stops their support, people will
have a big problem in getting treatment. I also think Ethiopia and other countries need to start companies to
make these drugs within their borders.”
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