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S U P P L E M E N T A R T I C L E

Prevention in Neglected Subpopulations: Prevention
of Mother-to-Child Transmission of HIV Infection

Lynne M. Mofenson
Pediatric, Adolescent and Maternal AIDS Branch, Eunice Kennedy Shriver National Institute of Child Health and Human Development,
National Institutes of Health, Rockville, Maryland

Worldwide, 11000 children are newly infected with human immunodeficiency virus (HIV) each day; the

majority of these children are in sub-Saharan Africa. The primary mode of HIV acquisition is through mother-

to-child transmission (MTCT) during pregnancy, childbirth, or breastfeeding. In well-resourced health care

systems, like those in the United States, universal HIV testing for pregnant women, provision of antiretroviral

therapy (when needed for maternal health) or prophylaxis, elective cesarean delivery, and avoidance of breast-

feeding has reduced MTCT of HIV infection to 1%–2%. However, in resource-limited countries, the perinatal

epidemic continues generally unabated. Clinical trials have identified simple, less expensive, effective antiret-

roviral prophylaxis regimens that can be implemented in resource-limited settings. However, implementation

has been slow, and postnatal transmission of HIV through breastfeeding remains a significant challenge. This

article will review the research on prevention of MTCT of HIV infection in resource-limited countries and

the challenges to expansion of the benefits of preventive interventions for MTCT throughout the world.

An estimated 430,000 children were infected with hu-

man immunodeficiency virus (HIV) worldwide in 2008

[1]. This translates to 11000 new infections in children

each day, the majority of which occur in sub-Saharan

Africa. The primary mode of HIV acquisition in chil-

dren worldwide is through mother-to-child transmis-

sion (MTCT) during pregnancy, childbirth, or breast-

feeding. Before the development of effective

interventions to reduce MTCT of HIV infection, esti-

mated transmission rates were 15%–25% among non-

breastfeeding populations in North America and Eu-

rope and 25%–40% among breastfeeding populations

in resource-limited countries [2].

In well-resourced health care systems, such as those
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in the United States, there has been dramatic progress

in reducing MTCT of HIV infection. Early identifica-

tion of HIV infection in pregnant women through rou-

tine, opt-out antenatal HIV testing; immediate assess-

ment of HIV-infected pregnant women for their need

for treatment for their own health; and provision of

antiretroviral treatment when needed or antiretroviral

prophylaxis if therapy is not yet required has substan-

tially reduced the risk of infection among infants during

pregnancy and delivery. When combined with elective

cesarean delivery and complete avoidance of breast-

feeding, these interventions have reduced the risk of

HIV transmission to 1%–2% [3].

However, in resource-limited countries, the perinatal

HIV epidemic continues generally unabated. Clinical

trials have identified simple, effective, and relatively in-

expensive antiretroviral prophylaxis regimens that can

be implemented in resource-limited settings [4, 5].

However, implementation has been slow. Lack of avail-

ability and access to family planning and antenatal ser-

vices, low rates of HIV testing among pregnant women,

and lack of integration of CD4 cell count testing and

antiretroviral treatment services into the antenatal set-

ting, compounded by human resource constraints and

a lack of political will to prioritize maternal health and
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Table 1. Four Components of the World Health Organization Strategic Approach
to Prevention of Pediatric HIV Infection

Prevention of HIV infection among young persons and pregnant women
Prevention of unintended pregnancies in HIV-infected women
Prevention of HIV transmission from HIV-infected women to their infants
Provision of treatment, care, and support to HIV-infected women and their families

prevention of MTCT, have contributed to the slow pace of

expansion of prevention coverage. In addition, postnatal HIV

transmission through breastfeeding remains a significant chal-

lenge.

PREVENTION OF MTCT OF HIV INFECTION
AND MATERNAL HEALTH

Prevention of MTCT of HIV infection cannot be viewed in

isolation from optimization of maternal health and survival.

Maternal and infant health are inextricably linked; uninfected

infants born to HIV-infected women have higher rates of mor-

tality than do infants born to uninfected women, and infant

mortality is associated with advanced maternal disease [6]. Of-

ten, clinical research, policies, and country programs have nar-

rowly focused on providing antiretroviral drugs to HIV-infected

women for the sole purpose of preventing transmission to the

infant, without recognizing that antenatal counseling and test-

ing may be the only entry point for an infected woman to

access antiretroviral treatment for her own health.

To maximize prevention of HIV transmission and maternal

and infant survival, it is critical that care of both the mother

and the infant is optimized. The World Health Organization

(WHO) recommends a comprehensive strategic approach that

includes 4 components (Table 1), which include routine offer-

ing of HIV testing and counseling to all pregnant women,

antiretroviral treatment for HIV-infected women who require

treatment and antiretroviral prophylaxis for prevention of

transmission for those not yet needing treatment, counseling

and support for infant feeding, and continued provision of care,

treatment, and support for women (and their families) infected

with HIV [7].

PRIMARY PREVENTION OF HIV INFECTION IN
WOMEN AND PREVENTION OF UNINTENDED
PREGNANCY

Prevention of HIV infection in women of childbearing age and

prevention of unintended pregnancies among women infected

with HIV are among the most cost-effective ways to prevent

HIV infection in children. Although this articles primarily de-

scribes interventions to prevent MTCT of HIV infection from

women, we also present a brief discussion of primary preven-

tion of HIV infection, focused on prevention of acquisition

during pregnancy, and avoidance of unintended pregnancy.

Primary prevention of HIV infection in pregnant women.

Although a critical focus of attention for prevention of MTCT

of HIV infection is the pregnant woman already infected with

HIV, primary prevention of HIV infection in pregnant women

found to be uninfected is also important. Although a study in

Zimbabwe did not find pregnancy to be associated with in-

creased risk of HIV acquisition, in a large study in Uganda,

pregnant women had nearly twice the risk of acquiring HIV

infection, compared with nonpregnant women, irrespective of

their sexual behavior or their partners’ plasma viral loads; sim-

ilar results were found in a recent study from South Africa [8–

10]. Increased risk of HIV acquisition during pregnancy, cou-

pled with initial high levels of viral replication during acute

infection, including that in genital secretions, could make preg-

nancy a mechanism for efficient transmission of HIV from male

sex partners to pregnant women and subsequently to their

infants. In resource-rich countries, a significant proportion of

remaining vertical transmission occurs among women who ac-

quire HIV infection during pregnancy [11]. In a study in Bot-

swana, where repeat HIV testing was offered to 400 women in

maternity wards and 244 women seen 9–15 months postpar-

tum, all of whom had previously tested negative for HIV during

pregnancy, 1.3% and 2.9%, respectively, had newly positive HIV

test results [12]. The authors estimated that 43% of all infant

HIV infections in Botswana in 2008 were attributable to in-

cident maternal HIV infection acquired during pregnancy or

postpartum. Thus, it remains very important for antenatal pro-

grams (and programs that access breastfeeding women) to stress

the need for condom use to protect both mother and infant

from HIV infection and also to involve the partners of pregnant

women in risk-reduction strategies. HIV retesting during late

pregnancy or labor (and during the breastfeeding period) offers

an opportunity to identify women experiencing seroconversion

to allow interventions for prevention of MTCT of HIV infection

and to ensure care for these women.

Avoidance of unintended pregnancy. Worldwide, ∼80 mil-

lion (38%) of the 211 million pregnancies each year are un-

intended [13]. Unintended pregnancies account for 14%–58%

of births in countries where HIV burden is greatest [14]. Several

studies suggest that the rates of unintended pregnancy among

HIV-infected women may be higher than those in the general

population. In a study in South Africa, 84% of pregnancies in

HIV-infected women were reported to be unplanned [15]. In
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Uganda, 190% of pregnancies were unintended among women

enrolled in an antiretroviral treatment program [16]. A study

in Côte d’Ivoire that involved 149 women who received a di-

agnosis of HIV infection during a previous pregnancy found

37 repeat pregnancies, of which 51% were unintended [17].

Meeting the contraceptive needs of HIV-infected women will

greatly reinforce efforts to reduce the number of HIV-infected

children. It is estimated that if all women in sub-Saharan Africa

who did not wish to get pregnant accessed contraceptive ser-

vices, as many as 160,000 new infant HIV infections could be

averted every year [18].

ANTENATAL HIV TESTING AND COUNSELING

Because access to interventions to reduce MTCT of HIV in-

fection requires a knowledge of maternal HIV serostatus, access

to voluntary HIV testing and confidential counseling is critical.

However, only 21% of women who became pregnant in low-

and middle-income countries in 2008 received HIV testing [13].

Although this represents an increase from 15% in 2007, it re-

mains far too low to allow a population response to prevention

of pediatric HIV infection. HIV testing coverage among preg-

nant women in Africa in 2008 varied from 16% in western and

central Africa to 28% in sub-Saharan Africa and 43% in eastern

and southern Africa [13]. Six of the 10 African countries es-

timated to have the largest number of HIV-infected pregnant

women (Kenya, Malawi, Mozambique, South Africa, Tanzania,

and Zambia) have increased HIV testing coverage among preg-

nant women to 60%–80%. HIV testing coverage among preg-

nant women in Asia and in Latin America and the Caribbean

in 2008 was 12% and 54%, respectively [13].

High uptake of testing can be achieved with routine provider-

initiated HIV testing and counseling, combined with use of

rapid tests offering same day results in antenatal and delivery

settings. Studies have demonstrated that rapid point-of-care

HIV tests have high diagnostic performance [19]. In Botswana,

a shift from patient-initiated testing to provider-initiated rou-

tine testing increased the proportion of antenatal clients who

accepted HIV testing from 76% to 95%; in urban Zimbabwe,

rates of HIV testing increased from 65% to 99% when an opt-

out, provider-initiated testing program was implemented [20,

21].

In the absence of provider-initiated testing and counseling

in antenatal clinics, testing rates remain low, even in settings

where rates of antenatal care attendance are high. Although

these low rates are primarily attributable to lack of offering of

the test, other factors involved include lack of test kits, inad-

equate counseling, a need to discuss with a male partner before

making a decision, and fear of stigmatization [22]. Provision

of couple counseling and testing has been shown to increase

acceptance of HIV testing by pregnant women in studies from

Burkina Faso, Cambodia, Kenya, Tanzania, and Uganda [23–

28]. However, even in family-focused programs with free access

to antiretroviral therapy, such as the MTCT-Plus program in

Côte d’Ivoire, only 53% of 568 women indicated that they had

disclosed their HIV status to their male partner, with reasons

for nondisclosure including fear of accusations of infidelity,

abandonment, discrimination, and violence [29]. Further re-

search surrounding the issue of disclosure and involvement of

male partners is needed.

For countries where rates of antenatal care attendance and

facility-based deliveries are low, identification of HIV-infected

pregnant women and provision of antiretroviral interventions

is even more challenging. On a global basis, almost one-quarter

of pregnant women do not receive any antenatal care [1, 30].

Innovative and creative approaches are needed in such settings,

including ways to use the services of midwives and traditional

birth attendants in provision of HIV testing and interventions

for prevention of MTCT of HIV infection.

COMPARISON OF ANTIRETROVIRAL DRUGS
FOR MATERNAL TREATMENT AND
PROPHYLAXIS OF MTCT OF HIV INFECTION

Clinical research, policy makers, and country programs have

too often emphasized provision of antiretroviral drugs solely

for preventing MTCT of HIV infection without consideration

of optimal treatment for the mother. Antiretroviral drugs are

now available in resource-limited countries. Women who meet

the criteria for treatment have lower CD4 cell counts and higher

viral load than do women who do not meet the criteria and,

thus, are the group at highest risk of transmission to their

infant. A key issue in decisions related to which antiretroviral

regimen to choose for an HIV-infected pregnant woman is

whether the antiretroviral drugs are being provided for treat-

ment or for prophylaxis of MTCT. Treatment in this context

means that antiretroviral therapy is started during pregnancy

and continued throughout life; in contrast, antiretroviral drugs

given solely for prophylaxis would stop when the risk of MTCT

is no longer present.

Although guidelines in both resource-rich and resource-lim-

ited countries recommend treatment for individuals with sig-

nificant HIV-related symptoms, the CD4 cell count threshold

for therapy initiation in individuals with mild or no symptoms

has differed. In the 2006 WHO guidelines, the CD4 cell count

threshold for starting treatment in individuals with WHO stage

I or II disease was !200 cells/mL, whereas guidelines from re-

source-rich countries have a threshold of !350–500 cells/mL

(with debate about whether an even higher CD4 cell count

threshold may be beneficial) [31, 32]. In December 2009, the

WHO revised its guidelines for treatment of HIV-infected

adults, including pregnant women, to a CD4 cell count thresh-

old of !350 cells/mL [5, 33]. For pregnant women, this higher

threshold is particularly important in resource-limited settings.
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Data from Zambia indicate that 84% of maternal deaths and

82% of postnatal infant infections involve women whose CD4

cell count is !350 cells/mL; by contrast, only ∼55% of maternal

deaths and ∼47% of postnatal infections involve women whose

CD4 cell counts are !200 cells/mL (Louise Kuhn, personal com-

munication). Therefore, a CD4 cell count threshold of !350

cells/mL seems to be a more effective threshold for starting

treatment for pregnant women, as it has the potential to prevent

substantially more maternal deaths and infant HIV infections

than does initiation of treatment at a CD4 cell count !200 cells/

mL. Recent data from Haiti also suggest significant decreases

in morbidity and mortality when treatment is initiated at a

higher CD4 cell count of !350 cells/mL in a resource-limited

country [34].

It is therefore critical that programs that provide HIV testing

and interventions for prevention of MTCT of HIV infection

for pregnant women also have available CD4 cell count assays

to determine the need for therapy and provide treatment to

women who require it for their own health. However, many

programs are located in antenatal clinics that are not equipped

to provide either CD4 cell count testing or HIV treatment,

which tend to be provided in stand-alone clinics to which

women have to be referred, creating a significant barrier to

provision of treatment to pregnant women who need it.

DEBATE REGARDING OPTIMAL
ANTIRETROVIRAL PROPHYLAXIS FOR
PREVENTION OF MTCT OF HIV INFECTION

Provision of triple-drug antiretroviral prophylaxis to all preg-

nant and breastfeeding women has been suggested as a way to

simplify prevention of MTCT of HIV infection. Of note, in

resource-rich countries, triple-drug regimens are often used for

prevention of MTCT for women who do not yet require treat-

ment for their own health. However, in the United Kingdom,

women with a CD4 cell count 1350 cells/mL and an HIV RNA

level !10,000 copies/mL may receive zidovudine (AZT) alone

during pregnancy combined with elective cesarean delivery; in

an analysis of data from the period 2000–2006 from the United

Kingdom and Ireland, the rate of transmission among 464

women who received only AZT during pregnancy and elective

cesarean delivery was 0% [3]. In the Thailand Perinatal HIV

Prevention Trial-2 involving nonbreastfeeding women, AZT

prophylaxis starting at 28 weeks of pregnancy plus single-dose

nevirapine (NVP) prophylaxis resulted in infant infection rates

of 1% among women with CD4 cell counts 1200 cells/mL [35].

Finally, the Kesho Bora multicountry African study (Table 2)

directly compared AZT prophylaxis starting at 28 weeks of

pregnancy plus single-dose NVP prophylaxis (with 1-week

postpartum prophylaxis with AZT and lamivudine [3TC]) with

maternal triple-drug prophylaxis from 28 weeks of pregnancy

through 6 months of breastfeeding in women with CD4 counts

of 200–500 cells/mL [42]. In a comparison of infection rates at

birth between the 2 antepartum regimens in women in this

CD4 cell count strata, transmission was 1.8% (95% confidence

interval, 0.8%–3.7%) with maternal triple-drug prophylaxis

and 2.2% (95% confidence interval, 1.2%–4.3%) with maternal

AZT and single-dose NVP prophylaxis (the data are not sta-

tistically significantly different).

Although use of triple-drug prophylaxis for all women in

resource-limited countries is a seemingly attractive alternative,

there are several issues that must be considered. For women

who require therapy for their own health, the benefit of re-

versing maternal HIV disease progression and improving sur-

vival with triple-drug antiretroviral therapy outweighs any the-

oretical risks of in utero exposure of the infant to multiple

drugs. When 3 drugs are not being administered for maternal

treatment but rather as solely prophylaxis to prevent MTCT of

HIV infection, the risk of maternal drug toxicities, treatment

interruption (presuming treatment stops after risk of MTCT

ceases), fetal exposure to multiple drugs, and cost need to be

weighed against the potential incremental benefit of triple-drug

prophylaxis in preventing MTCT, compared with less complex

regimens. In addition, universal triple-drug prophylaxis for

pregnant women does not eliminate the need for prompt eval-

uation of CD4 cell count for determination of whether the

drugs should be stopped after risk of MTCT has ceased, unless

all pregnant women who receive triple-drug prophylaxis con-

tinue to receive lifelong therapy.

In resource-rich countries, protease inhibitor–based triple-

drug prophylaxis is typically used for prophylaxis in women

with CD4 cell counts 1250 cells/mL [43]. In resource-limited

countries, the choice of drugs for triple-drug prophylaxis is

more problematic. The recommended first-line therapy in such

settings is nonnucleoside reverse-transcriptase inhibitor

(NNRTI)–based triple-drug prophylaxis, because of the expense

of protease inhibitors [31, 33]. However, an increased risk of

symptomatic and fatal acute hepatic events has been reported

when NVP is used in women with higher CD4 cell counts [44,

45]. The available alternative NNRTI efavirenz may be asso-

ciated with teratogenicity if received during early pregnancy,

posing a problem with prolonged use during breastfeeding,

when repeat pregnancy could occur [43]. The incidence of

repeat pregnancy among HIV-infected women in Abidjan was

16.5 pregnancies per 100 women-years at risk during the first

24 months postpartum [46].

Safety concerns have been raised about the potential impact

of receipt of repeated courses of triple-drug prophylaxis for

prevention of MTCT of HIV infection during pregnancy and/

or breastfeeding for women not requiring treatment for their

own health. Multiple sequential pregnancies are common in

resource-limited countries, where family planning is limited

and there are significant cultural pressures for large families

[15–17]. The Strategies for Management of Antiretroviral Ther-
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apy study found an increased risk of disease progression among

individuals who discontinued antiretroviral therapy when their

CD4 cell count was 1350 cells/mL, compared with those who

received treatment and never stopped [47, 48]. Although that

study was conducted among adults who required treatment for

their own health, the impact of repeatedly starting and stopping

triple-drug prophylaxis on women who receive it only for pre-

vention of MTCT needs to be studied.

Controversy remains about the association of triple-drug

prophylaxis during pregnancy with preterm delivery or low

birth weight [49–53]. In a study involving 326 women in Côte

d’Ivoire, the risk of birth weight !2500 g was significantly higher

(22%) among women who received an NVP-based triple-drug

regimen during pregnancy than in an earlier cohort of women

with similar CD4 cell counts who received a short-course AZT

or AZT plus 3TC regimen during pregnancy (12%; )P p .02

[53]. In the Mma Bana study in Botswana, which compared 2

different triple-drug prophylaxis regimens (AZT, 3TC, and

abacavir vs AZT, 3TC, and lopinavir-ritonavir), the protease

inhibitor–based regimen was associated with significantly

higher rates of preterm delivery than was the triple-nucleoside

regimen (23% vs 15%; ) [54]. Further evaluation of theP p .04

potential association of triple-drug prophylaxis with pregnancy

outcome is critically needed in resource-limited countries as

use of 3-drug regimens for treatment and/or prophylaxis for

MTCT of HIV infection is rolled out.

The long-term risks of fetal exposure to multiple antiret-

roviral drugs are not known [55, 56]. Short-term risks appear

to be minimal, but there is currently !15 years of experience

with administration of multiple antiretroviral drugs during

pregnancy. A recent modeling study reassuringly suggested that

the risk of mitochondrial toxicity due to triple-drug prophylaxis

during pregnancy is at least an order of magnitude lower than

the risk of HIV infection with use of less effective regimens

[57]. However, long-term follow-up of antiretroviral-exposed

but uninfected children in resource-limited countries is also

important as triple-drug regimens for treatment and/or pro-

phylaxis for MTCT of HIV infection are increasingly used dur-

ing pregnancy.

Thus, for the subset of women with CD4 cell counts 1350

cells/mL who do not meet treatment criteria, there are critical

yet unanswered questions regarding the risks, benefits, and pro-

phylactic efficacy of less complex regimens, compared with tri-

ple-drug prophylaxis. Table 3 shows ongoing and planned clin-

ical trials that may directly address these questions in the next

few years.

INFANT FEEDING AND PREVENTION OF
POSTNATAL TRANSMISSION OF HIV
INFECTION THROUGH BREASTFEEDING

The only method known to completely eliminate breastfeeding-

associated HIV transmission is not to breastfeed; this is rec-

ommended in settings in which infant replacement feeding is

affordable and sustainable, clean water is widely available, hy-

giene and sanitation conditions are good, and death due to

diarrhea and other infectious diseases is relatively uncommon.

However, this approach is neither feasible nor safe in many

resource-limited countries because of cost, inadequate replace-

ment foods to meet the nutritional needs of the infant, unsafe

water supply, and/or low acceptability because of stigma as-

sociated with not breastfeeding.

Thus, there is a critical need to identify strategies to prevent

breastfeeding-associated HIV transmission. Exclusive breast-

feeding has been shown in observational studies to lower the

risk of postnatal transmission, compared with mixed feeding,

but does not eliminate risk [58–60]. Two potential prevention

strategies under study in resource-limited settings are provision

of antiretroviral drugs to infants exposed to HIV during breast-

feeding (Table 2) and provision of triple-drug prophylaxis to

lactating women (Table 4) [36–42, 54, 61–65]. However, many

of these studies have treated all women the same, regardless of

maternal health and CD4 cell count. HIV-infected breastfeeding

women need to be assessed for their need for treatment and

initiate combination antiretroviral therapy when eligible.

Women who require treatment for their own health (eg, women

with a CD4 cell count !350 cell/mL) are at greatest risk of

postnatal transmission to their infant and should receive com-

bination antiretroviral therapy for their own health and con-

tinue therapy after cessation of breastfeeding; this will also de-

crease postnatal MTCT of HIV infection. The question of what

is optimal prophylaxis for postnatal transmission (in which

therapy is stopped after breastfeeding cessation) should be re-

stricted to women who do not require treatment for their own

health.

Both maternal and infant antiretroviral interventions eval-

uated to date are predicated on early weaning of the infant,

generally at or before 6 months of age. However, increasing

data suggest that early weaning at 4–6 months of age may be

associated with increased risk of malnutrition and infant mor-

tality associated with infectious diseases in HIV-exposed infants

[66–70]. Therefore, evaluation of the safety, additional efficacy,

and cost-effectiveness of more extended postnatal prophylaxis

(ie, for 16 months) to allow for more prolonged breastfeeding

is warranted. Several clinical trials will evaluate longer durations

of infant or maternal prophylaxis (9–18 months) (Table 3).

There are major difficulties in comparing the studies of ma-

ternal and infant prophylaxis of postnatal transmission. For

example, antepartum antiretroviral drug administration and

duration (if given) differ between studies but are clearly im-

portant in terms of prevention of in utero infection and com-

parisons of cumulative risk of infection; the duration of post-

natal prophylaxis differs between studies; rates of exclusive

breastfeeding differ; the duration of breastfeeding and, thus,
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the time at risk of postnatal infection, is not specified in several

studies; and several studies do not provide birth infection rates,

making it difficult to compare incremental benefit of interven-

tions during the breastfeeding period, because the proportion

of transmission occurring in utero cannot be determined.

Given these caveats, the currently available data suggest that

provision of antiretroviral prophylaxis to the breastfeeding in-

fant may have comparable efficacy to provision of triple-drug

prophylaxis to the lactating mother. Early postnatal infection

rates (from birth to 4–6 weeks of age) were 0%–1.5% in the

4 maternal studies (Amata, Kisumu Breastfeeding Study [KiBS],

Kesho Bora, and Mma Bana) (Table 4) and 0.8%–2.5% in the

4 infant studies (Mashi, Post-Exposure Prophylaxis of the In-

fant [PEPI]–Malawi, Simba, and Six-Week Extended Nevira-

pine [SWEN] study) (Table 2), with adequate data for a mean-

ingful comparison. Late postnatal infection rates (from 4–6

weeks to 6–9 months of age) were 0.4%–3.0% in the 7 maternal

studies (Amata; Breastfeeding, Antiretroviral and Nutrition

[BAN] study; Dream; Kesho Bora; KiBS; Mitra-Plus; and Mma

Bana) (Table 4) and 0.8%–4.4% in the 4 infant studies in which

prophylaxis was given for 6 months (BAN, Mashi, Mitra, and

Simba) (Table 2), to allow comparison of prophylaxis admin-

istered over periods similar to those in the maternal studies.

The Mitra study of infant prophylaxis and the Mitra-Plus

study of maternal prophylaxis provide a better comparison of

interventions, because both were conducted sequentially in the

same clinics, both provided some maternal antepartum anti-

retroviral prophylaxis, and both provided the same duration (6

months) of maternal or infant postnatal prophylaxis [37, 64].

The cumulative transmission risk at 6 months was 4.9% with

infant prophylaxis in Mitra and 5.0% with maternal prophylaxis

in Mitra-Plus, and the risk of late transmission from 6 weeks

to 6 months was 1.2% with infant prophylaxis and 1.0% with

maternal prophylaxis.

Data from a randomized comparison of maternal and infant

interventions for prevention of postnatal transmission are avail-

able from the BAN study, which compared 6 months of post-

natal maternal HAART or infant NVP prophylaxis with a con-

trol short-course arm with no extended maternal or infant

prophylaxis during breastfeeding (Table 2) [41]. The trans-

mission rate at age 7 months among infants uninfected at 2

weeks of age was 6.4% in the control arm, compared with 3.0%

in the maternal HAART arm ( ) and 1.8% in the infantP p .003

NVP arm ( ). Although the transmission rate in theP ! .001

infant NVP arm was lower than that in the maternal HAART

arm, there was not a significant difference between the 2 rates

( ), and the study was not powered to detect a differenceP p .12

between these 2 arms.

REVISED DECEMBER 2009 WHO GUIDELINES
FOR PREVENTION OF MTCT OF HIV INFECTION

The WHO recently revised their guidelines on use of antiret-

roviral drugs for prevention of MTCT of HIV infection; on the

basis of the aforementioned studies, for the first time, these

guidelines include recommendations for antiretroviral prophy-

laxis to prevent transmission through breastfeeding [5]. These

recommendations place increased emphasis on improving ma-

ternal health while providing maximal protection against HIV

transmission to the infant. Lifelong treatment with combination

antiretroviral therapy, started as soon as possible during preg-

nancy, is recommended for all pregnant women with severe or

advanced clinical disease or with a CD4 cell count !350 cells/

mL, regardless of symptoms. For women with a CD4 cell count

1350 cell/mL, earlier initiation of antiretroviral prophylaxis (at

14 weeks or as soon as possible thereafter) is recommended.

Two different options are discussed for prophylaxis: (1) ma-

ternal antepartum AZT with intrapartum single-dose NVP,

AZT plus 3TC continued for 7 days postpartum, and daily

infant NVP from birth to the end of the breastfeeding period

or (2) a 3-drug regimen given to the mother during pregnancy

until the end of the breastfeeding period, with 6 weeks of infant

antiretroviral prophylaxis after birth. Currently available data

suggest that both prophylaxis approaches would have similar

efficacy, and choice involves weighing a number of consider-

ations, including relative costs, feasibility, risks, and benefits of

the intervention, as discussed above.

Infant feeding guidelines have also been revised to recom-

mend that national or subnational health authorities should

decide whether health services will principally counsel and sup-

port HIV-infected mothers to either avoid all breastfeeding or

to breastfeed and receive infant or maternal antiretroviral pro-

phylaxis [71]. If the approach chosen is to recommend breast-

feeding, HIV-infected women should exclusively breastfeed

their infants for the first 6 months of life and introduce com-

plementary foods thereafter while continuing breastfeeding for

the first 12 months of life; breastfeeding should stop after a

nutritionally adequate and safe diet without breast milk can be

provided. Gradual weaning over the course of 1 month is rec-

ommended, with infant or maternal antiretroviral prophylaxis

continued until 1 week after breastfeeding is fully stopped.

Because laboratory evidence demonstrates that heat treatment

of expressed milk can inactivate HIV [72], the guidelines also

note that use of heat-treated, expressed breast milk may be

considered as an interim feeding strategy in special circum-

stances (eg, if the mother is temporarily unable to breastfeed,

if antiretroviral drugs are temporarily not available, or to assist

in stopping breastfeeding).
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ANTIRETROVIRAL DRUG RESISTANCE

Selection of NNRTI-resistance mutations after use of single-

dose NVP for prevention of MTCT of HIV infection in women

and in infants who become infected despite prophylaxis is well

documented and is attributable to the long half-life of NVP,

coupled with the fact that a single mutation in the viral codon

confers drug resistance [73]. There is a wide range in resistance

rates, which vary by maternal CD4 cell count and viral load at

the time of exposure, viral subtype, whether other antiretroviral

drugs were given in addition to single-dose NVP, the type of

resistance assay, and for infants, whether the mother received

single-dose NVP (Table 5) [74–97]. Women who require treat-

ment for their own health are also at greatest risk for devel-

opment of resistance after single-dose NVP treatment; identi-

fication of such women and initiation of lifelong combination

antiretroviral therapy during pregnancy will avoid the devel-

opment of resistance in this group.

Although resistance is frequent during the first few weeks to

months after exposure, frequency of detection decreases with

time. However, low levels of virus with resistance mutations

can persist for prolonged periods and, in some cases, can re-

main present in latently infected cells [98, 99]. The long-term

relevance of the selection of NNRTI resistance for response to

future antiretroviral therapy in both women and infected chil-

dren is under study; current data suggest that women starting

NNRTI-based therapy within 12–24 months after single-dose

NVP exposure have higher rates of viral failure than do those

without single-dose NVP exposure [100–103].

However, administration of antiretroviral drugs for a period

after single-dose NVP therapy (use of a “tail” regimen) can

reduce the development of resistance to very low levels. Reg-

imens studied for prevention of resistance include administra-

tion of AZT and 3TC for 4–7 days after single-dose NVP ther-

apy; tenofovir and emtricitabine as a single dose during labor

or for 7 days postpartum; administration of AZT, didanosine,

and lopinavir-ritonavir for 7 or 30 days; and administration of

AZT and didanosine for 30 days (Table 5) [89–95]. NNRTI

resistance rates of 0%–7% at 2–6 weeks postpartum, as deter-

mined by ultrasensitive assays, have been reported with use of

some of these tail regimens (Table 5) [91–95]. Thus, use of a

minimum of 7 days of a tail regimen after use of single-dose

NVP (alone or with AZT) as prophylaxis for MTCT is rec-

ommended to reduce drug resistance in women. Resistance

among infants who become infected despite single-dose NVP

therapy can also be reduced by the addition of a short course

of antiretroviral treatment (Table 5); rates of resistance were

lower among infants who received 3–7 days of AZT or AZT

plus 3TC therapy after single-dose NVP therapy [89, 95, 96].

RESISTANCE AND POSTNATAL INFANT OR
MATERNAL PROPHYLAXIS FOR
TRANSMISSION THROUGH BREAST MILK

There are also concerns regarding potential drug resistance in

infants infected postnatally despite either infant or maternal

antiretroviral prophylaxis interventions, and additional studies

are needed to better define risk. High rates of NVP resistance

were seen in breastfed infants in the SWEN study of infant

NVP prophylaxis: 92% of infants who became infected during

the first 6 weeks of life—during the period of NVP prophy-

laxis—had NNRTI resistance, compared with 38% in the con-

trol arm who were exposed to single-dose NVP only (Table 5)

[39, 97]. However, the risk of NNRTI resistance among infants

who became infected after prophylaxis had ceased (after 6 weeks

of age) was similar (15% among infants exposed to single-dose

NVP prophylaxis and among infants who received the extended

6-week NVP infant prophylaxis regimen). Whether the ex-

tended NVP plus AZT infant prophylaxis regimen in the PEPI-

Malawi study (Table 2) will reduce NVP resistance in infants

infected despite prophylaxis is under study [40].

Antiretroviral drug resistance has also been observed in in-

fants infected despite maternal triple-drug prophylaxis. Drug-

resistant virus was identified in 67% of the 24 infants infected

postnatally in the KiBS (Table 4) of maternal triple-drug pro-

phylaxis for postnatal transmission [63, 104]. Some antiret-

roviral drugs are known to enter breast milk in varying

amounts. 3TC appears to concentrate in breast milk and is

present at levels 3–5 times those in maternal plasma, and AZT

appears to be present in breast milk at levels similar to or

somewhat less than those in maternal plasma [105]. NVP levels

in breast milk are only 60%–75% of those in maternal plasma,

and the protease inhibitors that have been studied have had

very limited penetration in milk [106]. Thus, breastfed infants

of mothers receiving triple-drug prophylaxis who become in-

fected may be ingesting subtherapeutic levels of antiretroviral

drugs present in breast milk and, therefore, can develop drug-

resistant virus.

OBSTACLES, GAPS, AND THE WAY FORWARD

Although debate remains regarding the optimal antiretroviral

intervention to reduce MTCT of HIV infection and results from

ongoing and new clinical trials are eagerly awaited, there is no

doubt that we currently have the tools to significantly impact

the HIV epidemic affecting children. The ability to implement

programs for prevention of MTCT of HIV infection is less tied

to financing the purchase of the drug regimens or choice of

regimen than to the development and support of the maternal-

child health infrastructure required for implementation of such

programs.
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Structural factors in country health systems are one of the

largest challenges to implementing effective programs for pre-

vention of MTCT of HIV infection. At the country level, ma-

ternal, newborn, and child health services, in which programs

for prevention of MTCT are targeted, are usually separate from

programs, laboratories, and services for treatment and care of

HIV infection. Thus, antepartum and postpartum care systems

are not equipped to test all women for HIV, conduct CD4 cell

count testing to stage disease in HIV-infected women, and pro-

vide antiretroviral treatment to women who need it and an-

tiretroviral prophylaxis to the others. The success in resource-

rich countries in perinatal prevention lies not only in the

antiretroviral regimen provided for prevention of MTCT but

also in the integration of the entire array of services needed

for identification, care, and treatment of an HIV-infected

woman and her infant in the antepartum obstetric and child

health infrastructure. Implementation of programs for preven-

tion of MTCT in resource-limited countries offers a unique

opportunity to link prevention and treatment efforts, rather

than viewing these as competing efforts.

Particularly in rural areas of resource-limited countries,

health services remain hard to access or are too expensive.

Despite having effective prevention regimens that can be im-

plemented even in settings where women may have only limited

antenatal care or present to the health care system for the first

time in labor, women must be able to access the health care

system to be able to receive such interventions; this may be

difficult in rural settings, where many deliveries occur at home

with use of traditional birth attendants. There is a need for the

development of innovative delivery systems for provision of

preventive regimens in such settings.

Human resource limitations are also a significant constraint

toward implementation of programs for prevention of MTCT

of HIV infection [107]. Task shifting from professional health

workers to nonprofessionals could help facilitate scale-up of

prevention services. Donor investment in strengthening and

expansion of human resource capacity in health systems is crit-

ical not just for programs for prevention of MTCT but also

for enabling treatment programs for expanded populations of

infected individuals as treatment guidelines move toward earlier

initiation of therapy.

Systematic evaluation of program effectiveness is needed to

measure the impact of programs for prevention of MTCT of

HIV infection and to determine best practices. Indicators to

measure performance have been poorly defined and not sys-

tematically collected. Data on the traditional “prevention of

MTCT cascade” (ie, antenatal attendance, uptake of HIV test-

ing, and use of any antiretroviral drugs during pregnancy) are

inadequate to address the true impact of programs for preven-

tion of MTCT. Data on numbers of women who have had

clinical staging and CD4 cell count testing and who require

and receive antiretroviral treatment, as well as the antiretroviral

prophylaxis regimens that are given to women not receiving

treatment, are needed. Data on the impact of services for pre-

vention of MTCT on HIV transmission to the infant and, more

importantly, on survival among HIV-uninfected children

should be considered as the gold standard to measure the ef-

fectiveness of programs for prevention of MTCT [108].

Stigmatization, discrimination, and violence remain realities

in the lives of many HIV-infected women and are another

barrier to uptake of services. Even in settings where HIV coun-

seling and testing services are available, the social stigma as-

sociated with HIV infection inhibits many women from ac-

cessing services to learn their HIV infection status, and,

therefore, from taking steps to prevent transmission of HIV to

their infant. Further research on this subject is needed.

The limited availability of family planning services in re-

source-limited countries is a major challenge. Provision of safe

and effective family planning to women of childbearing age is

a key element of perinatal prevention, and capacity for family

planning needs to be included in programs caring for HIV-

infected women. Finally, primary prevention of HIV infection

in women holds the true key to perinatal prevention.

It is easy to get overwhelmed by the enormity of the world-

wide perinatal HIV epidemic and the extent of resource and

infrastructure needs; however, this cannot be an excuse for

inaction. Implementation will be challenging. However, the cost

of indecision and delay in program implementation is high,

because every pediatric HIV infection that is not prevented

increases the ultimate economic and social cost to each family,

community, and country.
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