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Abstract
Considerable advances have been made in the effort to prevent mother-to-child HIV transmission
(PMTCT) in sub-Saharan Africa. Clinical trials have demonstrated the efficacy of antiretroviral
regimens to interrupt HIV transmission through the antenatal, intrapartum, and postnatal periods.
Scientific discoveries have been rapidly translated into health policy, bolstered by substantial
investment in health infrastructure capable of delivering increasingly complex services. A new
scientific agenda is also emerging, one that is focused on the challenges of effective and
sustainable program implementation. Finally, global campaigns to “virtually eliminate” pediatric
HIV and dramatically reduce HIV-related maternal mortality have mobilized new resources and
renewed political will. Each of these developments marks a major step in regional PMTCT efforts;
their convergence signals a time of rapid progress in the field, characterized by an increased
interdependency between clinical research, program implementation, and policy. In this review,
we take stock of recent advances across each of these areas, highlighting the challenges – and
opportunities – of improving health services for HIV-infected mothers and their children across
the region.
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Introduction
Tremendous gains have been made to prevent mother-to-child HIV transmission (PMTCT)
worldwide. Since the peak of the global HIV epidemic in 2003, we have witnessed a greater
than 40% decline in new pediatric HIV infections annually [1]. In sub-Saharan Africa,
where an estimated 1.5 million HIV-infected women become pregnant each year, incident
HIV infections among infants and children has dropped by 24% in two years. Despite these
substantial gains, however, the absolute numbers of HIV-infected children remains
staggering. In 2011 alone, more than 330,000 children were newly infected and in need of
lifelong HIV treatment [2].
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Efficacious antiretroviral drug regimens have been the cornerstone of PMTCT programs.
The virtual eradication of pediatric HIV in North America and Europe was due in large part
to the highly effective combination maternal antiretroviral regimens available to HIV-
infected pregnant women [3, 4]. The path toward progress has been slower in sub-Saharan
Africa. Because of limited health infrastructure and high disease burden, early PMTCT
programs relied heavily on simple interventions such as peripartum single-dose nevirapine
(NVP) [5]. However, the need for effective yet scalable regimens, particularly those
targeting breastfeeding populations, has led to a series of remarkable scientific discoveries.
Recommended drug interventions have rapidly incorporated more effective (and often more
complex) regimens, while their implementation has been made possible by huge external
investment in health systems infrastructure [6, 7]. The 2010 World Health Organization
(WHO) guidelines for PMTCT represented a culmination of those efforts [8], as global
recommendations became closely aligned to those of industrialized countries.

In June 2011, the Joint United Nations Programme on HIV/AIDS (UNAIDS) introduced the
Global Plan Towards the Elimination of New HIV Infections Among Children by 2015 and
Keeping Their Mothers Alive, which called for a 90% reduction in new childhood HIV
infections and a 50% reduction in HIV-related maternal deaths by 2015 [9]. Endorsed by 22
governments and numerous international agencies, this initiative has reframed the policy
discussion around PMTCT away from prevention to the “virtual elimination” of pediatric
HIV. To reach these highly ambitious targets, however, coordinated efforts will be needed,
so that recent advances in clinical research can be quickly translated to policy and effective
program implementation. In this report, we review the substantial progress that has been
made since 2010, when the WHO issued its most recent recommendations for PMTCT.

New clinical evidence
The 2010 WHO recommendations for PMTCT emphasized early triage for HIV eligibility,
lengthier durations of antenatal prophylaxis, and antiretroviral coverage during the
breastfeeding period [8]. Women who met immunologic and/or clinical criteria for lifelong
antiretroviral therapy (ART) were to initiate as soon as possible; those who did not were
prescribed antenatal prophylaxis from 14 weeks gestation onward. The WHO recommended
two approaches (also called “options”) for PMTCT prophylaxis. With “Option A,” pregnant
women were to start zidovudine (ZDV) monotherapy during the antenatal period and,
around delivery, take a single-dose of NVP with a week-long “tail” of zidovudine-
lamivudine (ZDV-3TC). HIV-exposed infants were prescribed continuous daily nevirapine
(NVP) from birth until the cessation of breastfeeding. In the “Option B” strategy, women
not yet eligible for ART were to initiate three-drug combination antiretroviral prophylaxis
during the antenatal period and continue until the cessation of breastfeeding. During the first
six weeks of life, their HIV-exposed newborns were to receive daily NVP or ZDV
prophylaxis. Strong scientific evidence supported these two comprehensive prophylaxis
regimens (Table 1); however, because of the lack of head-to-head comparisons, Ministries
of Health were encouraged to consider the relative risks and benefits of each approach and
select the most feasible policy for nationwide implementation.

Reducing risk of HIV transmission during breastfeeding
To promote infant HIV-free survival, the 2010 WHO guidelines promoted 6 months of
exclusive breastfeeding, followed by 6 months of complementary feeding, for HIV-infected
mothers without safe and reliable alternatives for infant nutrition [8]. Antiretroviral
regimens were to be prescribed to either mother or infant, to provide prophylaxis during
breastfeeding. Since 2010, new reports have emerged to further support the postpartum
components of Option A and Option B. Hudgens and colleagues pooled data from five
randomized trials of extended infant NVP prophylaxis: Post-Exposure Prophylaxis of
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Infants (PEPI-Malawi), the Breastfeeding, Antiretrovirals, and Nutrition (BAN) study, and
the 3 parallel randomized trials of Six Weeks Extended Nevirapine (SWEN). They found
that the 28-week efficacy increased with the duration of infant NVP prophylaxis, when
compared to those receiving single-dose NVP with up to one week of ZDV or ZDV-3TC: 6-
week regimen (adjusted hazard ratio [HR]: 0.80; 95%CI: 0.53–1.21), 14-week regimen
(adjusted HR: 0.36; 95%CI: 0.23–0.57); and 28-week regimen (adjusted HR: 0.28; 95%CI:
0.15–0.54) [22].

Similar trends were observed in longer-term follow-up of the individual studies. By 12
months of life, differences in HIV transmission were no longer detectable between 6 weeks
of extended infant NVP and peripartum nevirapine (risk ratio: 0.87; 95%CI: 0.56–1.15) [23].
However, when infant NVP was provided for 14 weeks (6% vs. 12%; p<0.05) and 28 weeks
(4% vs. 7%; p=0.003), the risk of HIV transmission at 12 months postpartum was
significantly lower than in the control arm [24, 25]. In the HIV Prevention Trials Network
(HPTN) 046 protocol, at 6 months of follow-up, infant NVP prophylaxis for 6 months was
also shown to be superior to a shorter regimen of 6 weeks (1.1% vs. 2.4%; p=0.05).
However, differences in HIV transmission were not sustained and, by 12 months of life,
differences were no longer observed (2.1% vs. 3.0%; 0.27). In a subgroup analysis, there
were also no detectable differences in breastfeeding transmission between the intervention
and control arms among women with CD4 <350 cells/μL but not receiving ART [21].

Provision of continuous maternal combination prophylaxis – from pregnancy until
breastfeeding cessation – has also shown to be efficacious. In Kenya, the single-arm Kisumu
Breastfeeding Study demonstrated low rates of drug toxicity and HIV transmission when
three-drug regimens were prescribed from 34–36 weeks gestation to 6 months postpartum.
Among the 487 mother-infant pairs, HIV transmission was 2.5% at birth, 4.2% at 6 weeks,
5.0% at 6 months, 5.7% at 12 months, and 7.0% at 24 months [14]. A similar sustained
protective effect was also observed in the maternal prophylaxis arm of the BAN study,
which started maternal combination regimens after delivery and provided them for only the
first 28 weeks postpartum: 4% of infants in the experimental arm were infected at 12 months
of life versus 7% in the control arm (p=0.03) [25]. Across multiple sites in South Africa,
Kenya, and Burkina Faso, the Kesho Bora study showed that lower rates of HIV
transmission at 12 months when combination maternal regimens (antenatal, intrapartum,
postpartum through 6 months of breastfeeding) were compared to antenatal ZDV and
peripartum NVP (5.4% vs. 9.5%; log-rank p=0.029). Interestingly, the transmission rates
between the two arms were comparable at birth (1.8% vs. 2.5%), suggesting similar efficacy
between the antenatal components of Option A and Option B among women who are not
eligible for ART [26]. In their comparison of three combination antiretroviral regimens,
Shapiro and colleagues demonstrated high rates of virologic suppression (defined as < 400
copies/mL) at delivery and throughout breastfeeding period (>92%). Only 8 of 709 (1.1%;
95% CI: 0.5–2.2) of infants were infected – among the lowest transmission rate ever
reported in breastfeeding infants – with the majority acquiring HIV in utero [16].

To date, there have been no studies comparing the full Option A and Option B regimens
described by the WHO in 2010 [8]. The only head-to-head comparison thus far has been of
the postpartum components in the BAN study, where no differences were noted between
maternal and infant prophylaxis regimens at 28 weeks of life (2.9% vs. 1.7%; p=0.10) [13].
The 1077 PROMISE study (NCT01061151), funded by the U.S. National Institutes of
Health, will directly compare the antenatal/intrapartum and postpartum components of
Option A and Option B. Enrollment commenced in 2011 and is ongoing.

Chi et al. Page 3

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Impact of antiretroviral regimens on maternal and infant health
The risk of maternal mortality among HIV-infected women remains high in the 24 months
following delivery, even among those with CD4 counts as high as 1000 cells/μL [27].
Because many of the observed co-morbidities may be HIV-related (e.g., tuberculosis), early
initiation of three-drug combination ART could reduce the number of deaths around time of
delivery. In the HPTN 052 study, which enrolled non-pregnant adults, immediate ART
initiation at CD4 counts of 350–550 cells/μL led to fewer clinical events and greater time to
first AIDS-defining diagnosis when compared to a strategy of waiting until the CD4 count
fell below 350 cells/μL [28]. In the Kesho Bora study, combination triple antiretroviral
regimens resulted in a lower incidence of HIV disease progression during its use, but this
effect waned once the drugs were discontinued [26].

Early data from the Drug Resource Enhancement Against AIDS and Malnutrition (DREAM)
cohort suggested reduced maternal mortality, stillbirth, and prematurity with provision of
ART [29]. More recent studies from Botswana are less reassuring. In an observational
analysis of over 9,500 HIV-infected pregnant women, ART prior to conception was
associated with higher risk for preterm delivery (adjusted odds ratio [OR]: 1.2, 95%CI: 1.1–
1.4), small for gestation age (adjusted OR: 1.8, 95%CI: 1.6–2.1), and stillbirth (adjusted OR:
1.5, 95%CI: 1.2–1.8), when compared to all other HIV-infected women. Similar
observations were made when women initiating ART in pregnancy were compared to those
starting ZDV prophylaxis [30]. In a study of 99 stillbirths at Princess Marina Hospital
(Gaborone, Botswana), a large proportion had placental pathology suggestive of chronic
hypertensive damage. This finding was similar between HIV-infected women on ART and
HIV-uninfected women (65% vs. 54%, p=0.37); however, it was less frequently observed
among HIV-infected women not on ART (28%; p= 0.003 when compared to women on
ART) [31].

There is growing literature about the safety of antiretroviral exposure to the fetus and infant
in the antenatal, intrapartum, and postpartum periods. Despite concerning animal data
around first-trimester efavirenz exposure and embryopathy, particularly neural tube defects,
a meta-analysis of 21 human studies suggests only rare incidence of myelomeningocele
(0.07%) overall and no difference between efavirenz and non-efavirenz-containing
antiretroviral regimens [32, 33]. In a cohort of U.S. infants, exposure to tenofovir-based
ART in utero was associated with reduced head circumference and length-for-age z-scores
at one year of age (when compared to exposure to non-tenofovir-based regimens), but the
long-term significance of these findings is yet unknown [34]. In follow-up of 219 children
born to women in the Development of Antiretroviral Therapy in Africa (DART) trial, in
utero tenofovir exposure did not seem to increase birth defects or growth abnormalities.
Height- and weight-for-age at two years were similar to HIV-uninfected Ugandan
populations [35]. Maternal ART has been associated with an increased risk for severe infant
anemia compared to maternal and infant ZDV regimens [36]. Combination maternal
regimens have also been associated with lower weight-for-age, length-for-age, and weight-
for length at birth; however, due to rapid growth observed in ART-exposed children, most
abnormalities had corrected by 3 months of age [37].

The risk of antiretroviral drug resistance is increased among failed cases of prophylaxis. In
studies of extended infant NVP prophylaxis, for example, genotypic resistance to non-
nucleotide reverse transcriptase inhibitor agents (NNRTI) was detectable in 75–92% of
HIV-infected infants [38, 39]. The highest risk of drug resistance appeared to be among
infants acquiring HIV in the antenatal, intrapartum, or early breastfeeding period in the
HPTN 046 study. Twelve of 13 (92%) infants infected by 6 weeks of age had detectable
NNRTI resistance, while 7 of 25 (28%) infants infected between 6 weeks and 6 months of
age had detectable resistance [40]. HIV-infected infants demonstrated slower “clearance” of
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NVP-resistant virus (the time until resistance can no longer be detected by conventional
genotyping), with over half persisting past one year of age [41]. Infant antiretroviral drug
resistance has also been associated with maternal combination maternal prophylaxis or
treatment, presumably due to sub-therapeutic drug levels in breast milk. In the Kisumu
Breastfeeding Study, 16 of 24 (67%) infected infants had detectable resistance mutations,
most commonly to NVP and 3TC [42]. Perhaps more alarming was the finding among HIV-
infected infants from the PEPI-Malawi study, whose mothers had initiated HIV treatment in
the first year following delivery. Of 37 infected infants and children, 11 (30%) were found
to have multi-class drug resistance [43].

From research to policy to practice
While the science behind global PMTCT policy is robust, key challenges hinder in its
effective implementation. By the end of 2011, 57% of HIV-infected women worldwide were
estimated to have received an antiretroviral regimen during pregnancy; only 30% of those
who were treatment-eligible had initiated ART [1]. These estimates fall well short of the
thresholds needed to achieve the 90% reduction of new pediatric HIV cases or the “virtual
elimination” target of <5% transmission [44, 45].

Missed opportunities along the PMTCT cascade
The “PMTCT cascade” represents the critical pathway pregnant women and their infants
must successfully navigate to receive the full benefit of PMTCT services. These steps
include (but are not limited to) women agreeing to HIV testing, receiving their results,
undergoing ART eligibility screening, initiating treatment or prophylaxis, and adhering to
the prescribed regimens [46]. Infants must also adhere to antiretroviral prophylaxis regimens
and undergo appropriately timed HIV testing; those who are infected must urgently initiate
antiretroviral therapy [47]. Attrition at each point can be thought of as system inefficiency
that limits program impact, reduces overall coverage, and leads to more infant HIV infection
[48]. Wettstein, et al. highlighted the magnitude of these missed opportunities. In their meta-
analysis of 44 studies and 75,172 HIV-infected pregnant women, 94% of pregnant women
accepted HIV testing when an opt-out approach was used (compared to 58% when women
had to actively request testing services); 70% of those identified as HIV-infected initiated
any antiretroviral prophylaxis; 62% who were found eligible for lifelong HIV treatment
actually initiated ART; and 64% of HIV-exposed newborns had early infant testing
performed around six weeks of life [49].

Once characterized, the PMTCT cascade can be used to identify key gaps in service
provision. Program interventions can then be designed, implemented, and evaluated to
optimize performance. One area that has received great attention, for example, has been the
early triage of HIV-infected pregnant women who require lifelong HIV treatment.
According to the 2010 WHO guidelines, providers should conduct immunologic and clinical
screening for ART as early as possible in pregnancy; however, in many settings,
determining eligibility can take weeks to months. In a study in South Africa’s Western
Cape, for example, only 51% of women who required ART started it during pregnancy; 27%
remained on alternative prophylaxis regimens; and 22% did not receive any antiretroviral
intervention prior to delivery [50]. In Durban, South Africa, Hussain and colleagues found
that 31% of HIV-infected pregnant women undergoing CD4 screening never received their
results [51]. Several strategies have been shown to improve services at this bottleneck. A
pilot program comprising point-of-care CD4 testing, same-day initiation, and intensive
support early in the course of therapy led to near universal (97%) ART initiation during
pregnancy [52]. In Zambia, integration of HIV services within antenatal care clinics resulted
in a two-fold increase (14% vs. 33%; adjusted hazard ratio: 2.01, 95%CI: 1.37–2.95) in
timely ART initiation, defined as 60 days from initial HIV diagnosis [53]. Even the
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innovative Option B+ approach (see below) was originally designed to address the limited
availability of CD4 count testing across Malawi [54]. Other successful strategies have
included combined mother-infant clinics, active peer follow-up for missed appointments,
cellular phone-based reminders, short message service (SMS) results reporting, and ongoing
supportive supervision and clinical mentorship [55–58].

As strategies for PMTCT in resource-constrained settings have evolved in complexity, the
measurement of attrition along the cascade has presented new challenges. HIV testing and
ART initiation are single events that can be easily documented; however, the monitoring of
longer term health behaviors may not be so straightforward. Adherence to prescribed
antiretroviral regimens, for example, has been notoriously difficult to measure in program
settings. Self-reported adherence is prone to reporting biases and more intensive measures
such as pill counts, electronic tracking devices, and serum drug levels require resources
often unavailable for broad implementation. Yet, the role of careful adherence monitoring
cannot be overstated. In a meta-analysis of 51 studies, Nachega and colleagues found that
the proportion of HIV-infected pregnant women with adequate adherence (≥80%) fell
significantly from the antenatal to the postpartum periods (76% vs. 53%; p=0.005) [59].
Loss to follow-up, a commonly used proxy for non-adherence, was seen at higher rates
among pregnant versus non-pregnant women in South African cohorts (19% vs. 11%;
adjusted HR: 1.54; 95%CI: 1.38–1.72) [60].

Option A vs. Option B
Because of their similar reported efficacy and the few direct comparisons to date,
preferences for the WHO’s Option A and Option B have been based largely on operational
and programmatic factors [8]. Early country adaptation of the 2010 WHO guidelines in
Africa favored Option A for reasons of cost and feasibility [61]. By 2012, however, many
Ministries of Health had moved away from this policy, instead endorsing universal
antiretroviral treatment or prophylaxis for HIV-infected pregnant women. Even in countries
like South Africa, which were thought to have robust Option A-based PMTCT programs,
policymakers had reversed course in support of Option B [62]. Such policy changes have
been supported by the WHO and UNICEF, endorsements which have undoubtedly
facilitated the transition regionally [63, 64].

This shift in PMTCT policy has been driven by at least three important considerations. First,
although Option A has been shown to be effective in early (i.e., 6–12 weeks postpartum) and
longer term (i.e. 12 months postpartum) program evaluations [65–68], there have been
growing concerns about its operational feasibility, particularly after delivery. The
complexity of regimen changes for mother and child, the need for regular clinic visits in
early infancy, and the supply chain demands of NVP syrup have all dampened the initial
enthusiasm surrounding this approach. In Uganda, for example, Walakira and colleagues
observed high program attrition among infant on postpartum NVP. Only approximately 10%
of mother-infant pairs completed the recommended five-visit postpartum schedule [69].
Ishikawa et al. reported low uptake (57%) and poor adherence (50%) to extended infant
NVP in rural Zambia [70]. In patient interviews, investigators also found high rates of
improper infant dosing, with less than half of HIV-exposed infants receiving the prescribed
amounts of daily NVP [71]. In contrast, field reports of Option B have been generally
encouraging [72–75]. While the broad implementation of maternal prophylaxis presents its
own operational issues – including the expansion of treatment services, the need for trained
providers at primary health centers, and the threat of attrition over time – these challenges
appear well-aligned to current priorities of general HIV treatment programs.

Second, there are clear benefits to a PMTCT model that emphasizes the expansion of HIV
treatment and increases access to such services at the primary care level. In this broader
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context of program implementation, Option B holds a clear advantage over Option A, which
is inherently less integrated in its approach. As countries explore innovative strategies to
initiate ART earlier in the course of disease – both for its treatment and prevention benefits
– the Option B model sets the stage for a transition to the Option B+ strategy (i.e., lifelong
ART for all HIV-infected pregnant women), which in turn prepares national programs for
broader “universal access” or “test and treat” initiatives [76, 77]. Such considerations are not
based in scientific evidence; however, the importance of forward strategic planning in health
policy cannot be overlooked.

Lastly, an evolving understanding of Option B’s cost and projected cost-effectiveness has
contributed to shifts in regional policy. Early multi-country modeling suggested that Option
A may result in greater numbers of infant infections averted and life-years gained [78]; work
from Malawi and Tanzania demonstrated a lower cost-effective ratio associated with the
strategy [79, 80]. More recent work indicates that, when both maternal and infant outcomes
are considered, maternal combination prophylaxis may be the preferred strategy. Using
program data from Zimbabwe, Ciaranello et al estimated that all three WHO-endorsed
approaches (Option A, B, or B+) would result in significant gains in combined maternal and
child life expectancy when compared to single-dose NVP. However, Option A was
projected to be more costly and less effective than Option B, and Option B actually became
cost-saving after four years of implementation. Additionally, Option B+ had a favorable
incremental cost-effectiveness ratio of $1,370 per year of life saved (combining maternal
and infant life expectancy), compared with Option B [81]. Current trends in global
antiretroviral drug pricing should only favor the cost-effectiveness of full ART regimens for
PMTCT over time. Between 2009 and 2011, the cost for the tenofovir + lamivudine +
efavirenz combination dropped by 33%. Over the same period, drug costs for Option A
decreased only marginally, by 3% [82].

PMTCT in the broader context of maternal-child health: Option B+
The Option B+ approach, in which all HIV-infected pregnant women initiate lifelong ART
irrespective of clinical or immunologic status, represents a paradigm shift in the field of
PMTCT. First introduced and implemented by the Malawian government [54], this policy
has garnered enthusiasm globally and helped to renew focus upon maternal and child health.
The justifications behind Option B+ are highly compelling, particularly in light of global
initiatives to eliminate new pediatric HIV infections and to dramatically reduce maternal
mortality [9]. However, a critical examination is needed to better understand its
opportunities, limitations, and potential pitfalls.

By eliminating CD4 testing from the critical pathway of eligibility screening – a step
associated considerable delay in many settings [83] – the Option B+ strategy allows earlier
initiation of ART in the index pregnancy. Earlier ART initiation increases the likelihood that
maternal viral suppression is achieved and maintained in the antenatal period, which in turn
reduces risk for later vertical transmission [84, 85]. However, the incremental PMTCT gains
of Option B+ depend on local circumstances. In settings where CD4 capacity is extremely
limited or altogether unavailable, initiation of lifelong ART for all pregnant women will
ensure that those at highest risk for transmission (i.e., women with CD4 <350 cells/μL)
receive suppressive antiretroviral treatment in a timely fashion. In contrast, gains will be
more modest in where health systems function reasonably. The additional time on ART for a
pregnant woman may represent only days to weeks in such settings [86]. Whether this will
result in appreciable reductions in new pediatric HIV cases depends upon how early women
come in for their first antenatal visit. The continuation of ART following breastfeeding also
has implications for PMTCT in subsequent pregnancies. Chibwesha and colleagues
observed a 2% transmission rate among mothers on ART for greater than 13 weeks during
pregnancy, compared to 9% transmission among those on ART for less than 4 weeks [87].
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The Option B+ approach imparts other important health benefits. Early initiation of ART
has been shown to slow HIV disease progression and reduce the incidence of HIV-related
conditions [26, 28]. The continuation of ART after breastfeeding in Option B+ mitigates
concerns about treatment interruption between pregnancies. Although large adult treatment
trials have demonstrated the inferiority of CD4-guided episodic therapy [88], it is yet
unclear how these results apply to pregnant and postpartum women who likely face different
circumstances. The early initiation of ART would also provide significant secondary HIV
prevention benefits. In the landmark HPTN 052 trial, Cohen et al. reported a 96% reduction
in horizontal HIV transmission to serodiscordant, HIV-negative partners when individuals
with 350–550 cells/μL started ART [89].

The Malawi national program began implementation of Option B+ in July 2011 and, to date,
over 45,000 pregnant women have started lifelong ART under these guidelines [90]. At the
time of this writing, several other Ministries of Health in sub-Saharan Africa had endorsed
Option B+ and were preparing to bring services to scale. While these early reports are
encouraging, ongoing program evaluation is needed to ensure the current and future success
of such programs. Health system demands must be critically appraised and, when needed,
appropriate action must be taken to prevent overload of the existing infrastructure. The
Malawian government made significant investments to prepare for the Option B+ roll-out,
including the establishment of some 640 sites and the training of over 4,000 providers in
HIV care and treatment [91]. Although this decentralized model is sure to improve access,
quality health services cannot be assured without ongoing assessment and supervisory
support [92].

It is also important to recognize at this early stage that the individual and population
effectiveness of Option B+ are yet unknown. Because of the lengthy breastfeeding duration
common in Malawi [93], the first cohorts of women enrolled in the Option B+ national
program are only beginning to complete that stage. The success of this approach hinges on
patient uptake of services, adherence to antiretroviral regimens, and continued retention in
care, but these characteristics that have varied greatly from setting to setting [94–96]. To
better understand the downstream impact of the Option B+ approach, “real world” program
data are needed and must be carefully evaluated. Alongside the aggregate tallies routinely
available in most African health information systems, longitudinal patient-level data should
be collected at representative sites, ideally linked between programs (i.e., PMTCT, ART)
and between mother and child.

Conclusion
With an ever-growing armamentarium of highly efficacious PMTCT interventions and
unprecedented resources available to implement new interventions across the continent, it is
now possible to envision the virtual elimination of pediatric HIV in sub-Saharan Africa. We
know how to prevent the mother-to-child transmission of HIV. In the coming years, the
challenges of PMTCT will likely lay less in scientific discovery than in the implementation
of sustainable and effective programs. These shifting priorities are reflected in the recent
advances in the field, which have been driven by high quality clinical trials, innovative
policy-making, and critical implementation research. Although we have focused on only one
aspect of PMTCT in this review, we recognize the importance of other key areas to curbing
the pediatric HIV epidemic: the prevention of primary HIV infections among women of
child-bearing age, the prevention of unintended pregnancies among HIV-infected women,
and the linkage of HIV-infected women and children into long-term care. A broad scientific
agenda that encompass all these components will be essential to guide new innovations in
the field and to improve health services for HIV-infected mothers and their children.

Chi et al. Page 8

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Acknowledgments
The authors would like to thank Dr. Charles Holmes for his review of the manuscript and Dr. Andreas Jahn for his
insight about the Malawi national program for the prevention of mother-to-child transmission of HIV.

References
1. Joint United Nations Programme on HIV/AIDS (UNAIDS). Global report: UNAIDS report on the

global AIDS epidemic. Geneva: World Health Organization; 2012.

2. Joint United Nations Programme on HIV/AIDS. [Accessed January 9, 2013] A progress report on
the Global plan towards the elimination of new HIV infections among children by 2015 and keeping
their mothers alive. http://www.unaids.org/en/media/unaids/contentassets/documents/
unaidspublication/2012/JC2385_ProgressReportGlobalPlan_en.pdf

3. Centers for Disease Control and Prevention. Achievements in public health. Reduction in perinatal
transmission of HIV infection--United States, 1985–2005. MMWR Morbidity and mortality weekly
report. 2006; 55(21):592–7. [PubMed: 16741495]

4. Townsend CL, Cortina-Borja M, Peckham CS, de Ruiter A, Lyall H, Tookey PA. Low rates of
mother-to-child transmission of HIV following effective pregnancy interventions in the United
Kingdom and Ireland, 2000–2006. AIDS. 2008; 22(8):973–81. [PubMed: 18453857]

5. Guay LA, Musoke P, Fleming T, Bagenda D, Allen M, Nakabiito C, et al. Intrapartum and neonatal
single-dose nevirapine compared with zidovudine for prevention of mother-to-child transmission of
HIV-1 in Kampala, Uganda: HIVNET 012 randomised trial. Lancet. 1999; 354(9181):795–802.
[PubMed: 10485720]

6. Chi BH, Adler MR, Bolu O, Mbori-Ngacha D, Ekouevi DK, Gieselman A, et al. Progress,
challenges, and new opportunities for the prevention of mother-to-child transmission of HIV under
the US President’s Emergency Plan for AIDS Relief. J Acquir Immune Defic Syndr. 2012; 60
(Suppl 3):S78–87. [PubMed: 22797744]

7. Stover J, Korenromp EL, Blakley M, Komatsu R, Viisainen K, Bollinger L, et al. Long-term costs
and health impact of continued global fund support for antiretroviral therapy. PLoS One. 2011;
6(6):e21048. [PubMed: 21731646]

*8. World Health Organization. Antiretroviral therapy for treating pregnant women and preventing
HIV infection in infants; recommendations for a public health approach - 2010 revision. Geneva,
Switzerland: WHO Press; 2010. These World Health Organization recommendations were the
first to endorse highly efficacious antiretroviral interventions for the prevention of mother-to-
child HIV transmission in resource-constrained settings, including extension of regimens through
the breastfeeding period. This document introduced the two strategies (i.e., Option A, Option B)
that now frame the scientific and policy discussions in the field

9. Joint United Nations Programme on HIV/AIDS. [Accessed December 29, 2012] Global plan
towards the elimination of new HIV infections among children by 2015 and keeping their mothers
alive, 2011–2015. http://www.unaids.org/en/media/unaids/contentassets/documents/
unaidspublication/2011/20110609_JC2137_Global-Plan-Elimination-HIV-Children_en.pdf

10. Connor EM, Sperling RS, Gelber R, Kiselev P, Scott G, O’Sullivan MJ, et al. Reduction of
maternal-infant transmission of human immunodeficiency virus type 1 with zidovudine treatment.
Pediatric AIDS Clinical Trials Group Protocol 076 Study Group. N Engl J Med. 1994; 331(18):
1173–80. [PubMed: 7935654]

11. Lallemant M, Jourdain G, Le Coeur S, Kim S, Koetsawang S, Comeau AM, et al. A trial of
shortened zidovudine regimens to prevent mother-to-child transmission of human
immunodeficiency virus type 1. Perinatal HIV Prevention Trial (Thailand) Investigators. N Engl J
Med. 2000; 343(14):982–91. [PubMed: 11018164]

12. Shaffer N, Chuachoowong R, Mock PA, Bhadrakom C, Siriwasin W, Young NL, et al. Short-
course zidovudine for perinatal HIV-1 transmission in Bangkok, Thailand: a randomised
controlled trial. Bangkok Collaborative Perinatal HIV Transmission Study Group. Lancet. 1999;
353(9155):773–80. [PubMed: 10459957]

**13. Chasela CS, Hudgens MG, Jamieson DJ, Kayira D, Hosseinipour MC, Kourtis AP, et al.
Maternal or infant antiretroviral drugs to reduce HIV-1 transmission. N Engl J Med. 2010;

Chi et al. Page 9

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2012/JC2385_ProgressReportGlobalPlan_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2012/JC2385_ProgressReportGlobalPlan_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2011/20110609_JC2137_Global-Plan-Elimination-HIV-Children_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2011/20110609_JC2137_Global-Plan-Elimination-HIV-Children_en.pdf


362(24):2271–81. Direct comparison of postpartum maternal and infant antiretroviral
prophylaxis during breastfeeding in a randomized clinical trial setting. [PubMed: 20554982]

*14. Thomas TK, Masaba R, Borkowf CB, Ndivo R, Zeh C, Misore A, et al. Triple-antiretroviral
prophylaxis to prevent mother-to-child HIV transmission through breastfeeding--the Kisumu
Breastfeeding Study, Kenya: a clinical trial. PLoS Med. 2011; 8(3):e1001015. Single-arm study
demonstrating safety, effectiveness, and feasibility of maternal combination antiretroviral
prophylaxis during breastfeeding. [PubMed: 21468300]

**15. Kesho Bora Study Group. Triple antiretroviral compared with zidovudine and single-dose
nevirapine prophylaxis during pregnancy and breastfeeding for prevention of mother-to-child
transmission of HIV-1 (Kesho Bora study): a randomised controlled trial. Lancet Infect Dis.
2011; 11(3):171–80. Randomized controlled trial comparing maternal combination antiretroviral
prophylaxis from pregnancy through breastfeeding to short-course zidovudine and peripartum
neviraipine regimens, as recommended in the 2006 WHO guidelines. [PubMed: 21237718]

**16. Shapiro RL, Hughes MD, Ogwu A, Kitch D, Lockman S, Moffat C, et al. Antiretroviral
regimens in pregnancy and breast-feeding in Botswana. N Engl J Med. 2010; 362(24):2282–94.
Comparison of three maternal antiretroviral regimens to prevent mother-to-child transmission of
HIV during pregnancy and breastfeeding. This trial reported one of the lowest transmission rates
among HIV-exposed breastfeeding infants. [PubMed: 20554983]

17. Lallemant M, Jourdain G, Le Coeur S, Mary JY, Ngo-Giang-Huong N, Koetsawang S, et al.
Single-dose perinatal nevirapine plus standard zidovudine to prevent mother-to-child transmission
of HIV-1 in Thailand. N Engl J Med. 2004; 351(3):217–28. [PubMed: 15247338]

18. McIntyre JA, Hopley M, Moodley D, Eklund M, Gray GE, Hall DB, et al. Efficacy of short-course
AZT plus 3TC to reduce nevirapine resistance in the prevention of mother-to-child HIV
transmission: a randomized clinical trial. PLoS Med. 2009; 6(10):e1000172. [PubMed: 19859531]

19. Bedri A, Gudetta B, Isehak A, Kumbi S, Lulseged S, et al. Six Week Extended-Dose Nevirapine
Study T. Extended-dose nevirapine to 6 weeks of age for infants to prevent HIV transmission via
breastfeeding in Ethiopia, India, and Uganda: an analysis of three randomised controlled trials.
Lancet. 2008; 372(9635):300–13. [PubMed: 18657709]

20. Kumwenda NI, Hoover DR, Mofenson LM, Thigpen MC, Kafulafula G, Li Q, et al. Extended
antiretroviral prophylaxis to reduce breast-milk HIV-1 transmission. N Engl J Med. 2008; 359(2):
119–29. [PubMed: 18525035]

**21. Coovadia HM, Brown ER, Fowler MG, Chipato T, Moodley D, Manji K, et al. Efficacy and
safety of an extended nevirapine regimen in infant children of breastfeeding mothers with HIV-1
infection for prevention of postnatal HIV-1 transmission (HPTN 046): a randomised, double-
blind, placebo-controlled trial. Lancet. 2012; 379(9812):221–8. A large multi-center randomized
controlled trial of extended infant nevirapine for 6 months to reduce HIV transmission during
breastfeeding. [PubMed: 22196945]

22. Hudgens MG, Taha TE, Omer SB, Jamieson DJ, Lee H, Mofenson LM, et al. Pooled Individual
Data Analysis of 5 Randomized Trials of Infant Nevirapine Prophylaxis to Prevent Breast-Milk
HIV-1 Transmission. Clin Infect Dis. 2013; 56(1):131–9. [PubMed: 22997212]

23. Omer SB. Six Week Extended Dose Nevirapine Study T. Twelve-month follow-up of Six Week
Extended Dose Nevirapine randomized controlled trials: differential impact of extended-dose
nevirapine on mother-to-child transmission and infant death by maternal CD4 cell count. AIDS.
2011; 25(6):767–76. [PubMed: 21330912]

24. Taha TE, Li Q, Hoover DR, Mipando L, Nkanaunena K, Thigpen MC, et al. Postexposure
prophylaxis of breastfeeding HIV-exposed infants with antiretroviral drugs to age 14 weeks:
updated efficacy results of the PEPI-Malawi trial. J Acquir Immune Defic Syndr. 2011; 57(4):
319–25. [PubMed: 21423025]

25. Jamieson DJ, Chasela CS, Hudgens MG, King CC, Kourtis AP, Kayira D, et al. Maternal and
infant antiretroviral regimens to prevent postnatal HIV-1 transmission: 48-week follow-up of the
BAN randomised controlled trial. Lancet. 2012; 379(9835):2449–58.10.1016/
S0140-6736(12)60321-3 [PubMed: 22541418]

26. Kesho Bora Study Group. Maternal HIV-1 disease progression 18–24 months postdelivery
according to antiretroviral prophylaxis regimen (triple-antiretroviral prophylaxis during pregnancy

Chi et al. Page 10

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and breastfeeding vs zidovudine/single-dose nevirapine prophylaxis): The Kesho Bora randomized
controlled trial. Clin Infect Dis. 2012; 55(3):449–60. [PubMed: 22573845]

27. Hargrove JW, Humphrey JH, Group ZS. Mortality among HIV-positive postpartum women with
high CD4 cell counts in Zimbabwe. AIDS. 2010; 24(3):F11–4. [PubMed: 20095074]

28. Grinsztejn, B.; Ribaudo, H.; Cohen, MS.; Swindells, S.; Badel-Faesen, S.; Burns, D., et al., editors.
Effects of early versus delayed initiation of antiretroviral therapy (ART) on HIV clinical
outcomes: results from the HPTN 052 randomized clinical trial [Abstract MOAX0105]; 6th IAS
Conference on HIV Pathogenesis, Treatment, and Prevention; Rome, Italy. 2011.

29. Marazzi MC, Palombi L, Nielsen-Saines K, Haswell J, Zimba I, Magid NA, et al. Extended
antenatal use of triple antiretroviral therapy for prevention of mother-to-child transmission of
HIV-1 correlates with favorable pregnancy outcomes. AIDS. 2011; 25(13):1611–8. [PubMed:
21673553]

30. Chen JY, Ribaudo HJ, Souda S, Parekh N, Ogwu A, Lockman S, et al. Highly active antiretroviral
therapy and adverse birth outcomes among HIV-infected women in Botswana. J Infect Dis. 2012;
206(11):1695–705. [PubMed: 23066160]

31. Shapiro RL, Souda S, Parekh N, Binda K, Kayembe M, Lockman S, et al. High prevalence of
hypertension and placental insufficiency, but no in utero HIV transmission, among women on
HAART with stillbirths in Botswana. PLoS One. 2012; 7(2):e31580. [PubMed: 22384039]

32. Ford N, Mofenson L, Kranzer K, Medu L, Frigati L, Mills EJ, et al. Safety of efavirenz in first-
trimester of pregnancy: a systematic review and meta-analysis of outcomes from observational
cohorts. AIDS. 2010; 24(10):1461–70. [PubMed: 20479637]

33. Ford N, Calmy A, Mofenson L. Safety of efavirenz in the first trimester of pregnancy: an updated
systematic review and meta-analysis. AIDS. 2011; 25(18):2301–4. [PubMed: 21918421]

34. Siberry GK, Williams PL, Mendez H, Seage GR 3rd, Jacobson DL, Hazra R, et al. Safety of
tenofovir use during pregnancy: early growth outcomes in HIV-exposed uninfected infants. AIDS.
2012; 26(9):1151–9. [PubMed: 22382151]

35. Gibb DM, Kizito H, Russell EC, Chidziva E, Zalwango E, Nalumenya R, et al. Pregnancy and
infant outcomes among HIV-infected women taking long-term ART with and without tenofovir in
the DART trial. PLoS Med. 2012; 9(5):e1001217. [PubMed: 22615543]

36. Dryden-Peterson S, Shapiro RL, Hughes MD, Powis K, Ogwu A, Moffat C, et al. Increased risk of
severe infant anemia after exposure to maternal HAART, Botswana. J Acquir Immune Defic
Syndr. 2011; 56(5):428–36. [PubMed: 21266910]

37. Powis KM, Smeaton L, Ogwu A, Lockman S, Dryden-Peterson S, van Widenfelt E, et al. Effects
of in utero antiretroviral exposure on longitudinal growth of HIV-exposed uninfected infants in
Botswana. J Acquir Immune Defic Syndr. 2011; 56(2):131–8. [PubMed: 21124227]

38. Moorthy A, Gupta A, Bhosale R, Tripathy S, Sastry J, Kulkarni S, et al. Nevirapine resistance and
breast-milk HIV transmission: effects of single and extended-dose nevirapine prophylaxis in
subtype C HIV-infected infants. PLoS One. 2009; 4(1):e4096. [PubMed: 19119321]

39. Fogel J, Hoover DR, Sun J, Mofenson LM, Fowler MG, Taylor AW, et al. Analysis of nevirapine
resistance in HIV-infected infants who received extended nevirapine or nevirapine/zidovudine
prophylaxis. AIDS. 2011; 25(7):911–7. [PubMed: 21487249]

40. Fogel JM, Mwatha A, Richardson P, Brown ER, Chipato T, Alexandre M, et al. Impact of
Maternal and Infant Antiretroviral Drug Regimens on Drug Resistance in HIV-Infected
Breastfeeding Infants. Pediatr Infect Dis J. 2012

41. Persaud D, Bedri A, Ziemniak C, Moorthy A, Gudetta B, Abashawl A, et al. Slower clearance of
nevirapine resistant virus in infants failing extended nevirapine prophylaxis for prevention of
mother-to-child HIV transmission. AIDS Res Hum Retroviruses. 2011; 27(8):823–9. [PubMed:
21241214]

42. Zeh C, Weidle PJ, Nafisa L, Lwamba HM, Okonji J, Anyango E, et al. HIV-1 drug resistance
emergence among breastfeeding infants born to HIV-infected mothers during a single-arm trial of
triple-antiretroviral prophylaxis for prevention of mother-to-child transmission: a secondary
analysis. PLoS Med. 2011; 8(3):e1000430. [PubMed: 21468304]

Chi et al. Page 11

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



43. Fogel J, Li Q, Taha TE, Hoover DR, Kumwenda NI, Mofenson LM, et al. Initiation of
antiretroviral treatment in women after delivery can induce multiclass drug resistance in
breastfeeding HIV-infected infants. Clin Infect Dis. 2011; 52(8):1069–76. [PubMed: 21460326]

44. Mahy M, Stover J, Kiragu K, Hayashi C, Akwara P, Luo C, et al. What will it take to achieve
virtual elimination of mother-to-child transmission of HIV? An assessment of current progress and
future needs. Sex Transm Infect. 2010; 86(Suppl 2):ii48–55. [PubMed: 21106515]

45. Ciaranello AL, Perez F, Keatinge J, Park JE, Engelsmann B, Maruva M, et al. What will it take to
eliminate pediatric HIV? Reaching WHO target rates of mother-to-child HIV transmission in
Zimbabwe: a model-based analysis. PLoS Med. 2012; 9(1):e1001156. [PubMed: 22253579]

46. Stringer EM, Chi BH, Chintu N, Creek TL, Ekouevi DK, Coetzee D, et al. Monitoring
effectiveness of programmes to prevent mother-to-child HIV transmission in lower-income
countries. Bull World Health Organ. 2008; 86(1):57–62. [PubMed: 18235891]

47. Ciaranello AL, Park JE, Ramirez-Avila L, Freedberg KA, Walensky RP, Leroy V. Early infant
HIV-1 diagnosis programs in resource-limited settings: opportunities for improved outcomes and
more cost-effective interventions. BMC Med. 2011; 9:59. [PubMed: 21599888]

48. Barker PM, Mphatswe W, Rollins N. Antiretroviral drugs in the cupboard are not enough: the
impact of health systems’ performance on mother-to-child transmission of HIV. J Acquir Immune
Defic Syndr. 2011; 56(2):e45–8. [PubMed: 21084998]

49. Wettstein C, Mugglin C, Egger M, Blaser N, Vizcaya LS, Estill J, et al. Missed opportunities to
prevent mother-to-child-transmission: systematic review and meta-analysis. AIDS. 2012; 26(18):
2361–73. [PubMed: 22948267]

50. Stinson K, Boulle A, Coetzee D, Abrams EJ, Myer L. Initiation of highly active antiretroviral
therapy among pregnant women in Cape Town, South Africa. Trop Med Int Health. 2010; 15(7):
825–32. [PubMed: 20497405]

51. Hussain A, Moodley D, Naidoo S, Esterhuizen TM. Pregnant women’s access to PMTCT and ART
services in South Africa and implications for universal antiretroviral treatment. PLoS One. 2011;
6(12):e27907. [PubMed: 22162993]

52. Myer L, Zulliger R, Black S, Pienaar D, Bekker LG. Pilot programme for the rapid initiation of
antiretroviral therapy in pregnancy in Cape Town, South Africa. AIDS Care. 2012; 24(8):986–92.
[PubMed: 22519561]

53. Killam WP, Tambatamba BC, Chintu N, Rouse D, Stringer E, Bweupe M, et al. Antiretroviral
therapy in antenatal care to increase treatment initiation in HIV-infected pregnant women: a
stepped-wedge evaluation. AIDS. 2010; 24(1):85–91. [PubMed: 19809271]

54. Schouten EJ, Jahn A, Midiani D, Makombe SD, Mnthambala A, Chirwa Z, et al. Prevention of
mother-to-child transmission of HIV and the health-related Millennium Development Goals: time
for a public health approach. Lancet. 2011; 378(9787):282–4. [PubMed: 21763940]

55. Molisho, M.; Michaelis, A.; Shelley, K.; Reiner, C.; Romano, S.; Kisimbi, T., et al. Increasing
retention in care for prevention of MTCT in Machinga District, Malawi through an integrated
service delivery model: the Mother-Infant Pair (MIP) clinic [Abstract TUPE763]. 19th
International AIDS Conference; 2012.

56. Besser, M.; Sogaula, N.; Goheen, M.; Myers, A.; Nolan, M. Improving uptake of early infant HIV
diagnosis through simple interventions: lessons learned at mother2mother’s innovation center,
South Africa [Abstract THPE0286]. 18th International AIDS Conference; 2010.

57. Technau, K-G.; De Tolly, K.; Sherman, G.; Kuhn, L.; Benjamin, P.; Bassett, J., et al. Mobile text
messaging improves PMTCT follow-up in South African public setting [Abstract TUPE292]. 6th
IAS Conference on HIV Pathogenesis and Treatment; 2011.

58. Seidenberg P, Nicholson S, Schaefer M, Semrau K, Bweupe M, Masese N, et al. Early infant
diagnosis of HIV infection in Zambia through mobile phone texting of blood test results. Bull
World Health Organ. 2012; 90(5):348–56. [PubMed: 22589568]

59. Nachega JB, Uthman OA, Anderson J, Peltzer K, Wampold S, Cotton MF, et al. Adherence to
antiretroviral therapy during and after pregnancy in low-income, middle-income, and high-income
countries: a systematic review and meta-analysis. AIDS. 2012; 26(16):2039–52. [PubMed:
22951634]

Chi et al. Page 12

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



60. Myer, L.; Cornell, M.; Fox, M.; Garone, D.; Wood, R.; Prozesky, H., et al., editors. Loss to follow-
up and mortality among pregnant and non-pregnant women initiating ART: South Africa [Abstract
22]; 19th Conference on Retroviruses and Opportunistic Infections; Seattle, WA. 2012.

61. Ghanotakis E, Miller L, Spensley A. Country adaptation of the 2010 World Health Organization
recommendations for the prevention of mother-to-child transmission of HIV. Bull World Health
Organ. 2012; 90(12):921–31. [PubMed: 23284198]

62. Bhardwaj, S. [Accessed on December 26, 2012] South Africa Announces Change in PMTCT
Regimen from April 1, 2013. http://www.emtct-iatt.org/2012/12/south-africa-announces-change-
in-pmtct-regimen-from-april-1-2013/?doing_wp_cron=1356279663.9459359645843505859375

*63. Business Leadership Council, UNICEF. [Accessed on January 8, 2013] A business case for
Options B and B+. Jul. 2012 http://www.unicef.org/aids/files/hiv_BusinesscaseB.pdfThis case
study provides programmatic and operational justifications for UNICEF’s endorsement of Option
B/B+ over Option A for the prevention of mother-to-child transmission of HIV

*64. World Health Organization. [Accessed on December 26, 2012] Use of antiretroviral drugs for
treating pregnant women and prevention HIV infection in infants: Executive summary. Apr. 2012
http://www.who.int/hiv/PMTCT_update.pdfThis programmatic update indicated the World
Health Organization’s preference for Options B/B+ for the prevention of mother-to-child
transmission of HIV

65. Goga, A.; Dinh, T-H.; Jackson, DJ. for the SAPMTCTE study group. [Accessed on December 26,
2012] Evaluation of the effectiveness of the national prevention of mother-to-child transmission
(PMTCT) programme measured at six weeks postpartum in South Africa. 2010. http://
www.doh.gov.za/docs/reports/2012/pmtcteffectiveness.pdf

66. Kagaayi, J.; Gray, RH.; Ddungu, V.; Nabwire, M.; Ssebagala, D.; Ndyanabo, A., et al. Early
impact of extended prophylaxis with nevirapine on HIV acquisition among infants in rural Rakai,
Uganda [Abstract MOPE0279]. 18th International AIDS Conference; 2010.

67. Feinstein, L.; Edmonds, A.; Lusiama, J.; Matumona, Y.; Thompson, D.; Chalachala, JL., et al.
Extended prophylaxis with nevriapine for HIV-exposed infants: early outcomes in field conditions
[Abstract WEPE213]. 19th International AIDS Conference; 2012.

68. Diouf, K.; Manjiru, M.; Tuma, N.; Dillabaugh, L.; Ndege, V.; Oyaro, P., et al. Implementation of
daily nevirapine prophylaxis in HIV-exposed breastfeeding infants in western Kenya [Abstract
LBPE52]. 19th International AIDS Conference; 2012.

69. Walakira, M.; Sripipatana, T.; Mirembe Kunya, B.; Kajungu, E.; Namubiru, M.; Musinguzi, H., et
al. The challenge of translating policy into practice: the impact of revised prevention of mother-to-
child transmission of HIV guideline implementation on uptake of infant antiretroviral prophylaxis
in southwestern Uganda [Abstract MOPE609]. 19th International AIDS Conference; 2012.

70. Ishikawa, N.; Shimbo, T.; Miyano, S.; Sikazwe, I.; Ghidinelli, MN.; Syakantu, G. Field
effectiveness of WHO PMTCT guidelines in preventing postnatal HIV transmission in resource-
limited settings: operational barriers and complexities related to the implementation of extended
infant prophylaxis [Abstract TUPE177]. 19th International AIDS Conference; 2012.

71. Changala, M.; Kapyata, H.; Kahula, M.; Siachiwena, C.; Kalichini, P.; Muvuma, S., et al. Mothers’
confusion over the extended nevirapine regimen for HIV-exposed infants in resource-limited
settings [Abstract LBPE30]. 19th International AIDS Conference; 2012.

72. Gartland MG, Chintu NT, Li MS, Lembalemba MK, Mulenga SN, Bweupe M, et al. Field
effectiveness of combination antiretroviral prophylaxis for the prevention of mother-to-child HIV
transmission in rural Zambia. AIDS. in press.

73. Chanda, J.; Rukunda, Karekezi B.; Milligan, C.; Kassa Lukabya, JL.; Kagabo, H.; Ndikubwimana,
C., et al. Pediatric HIV-free survival at 18 months in IntraHealth-supported prevention of mother-
to-child transmission programs in Rwanda [Abstract WEPE192]. 19th International AIDS
Conference; 2012.

74. Konate, J.; Nadembega, CWM.; Traore, HA.; Meda, N.; Banse, K.; Marechai, V., et al. Low
HIV-1 transmission from mother-to-child among infected pregnant women with a CD4 count
above 350 cells per μl and receiving perinatal antiretroviral prophylactic regimens in
Ouagadougou, Burkina Faso [Abstract WEPE200]. 19th International AIDS Conference; 2012.

75. Dryden-Peterson S, Jayeoba O, Hughes MD, Jibril H, Keapoletswe K, Tlale J, et al. Highly active
antiretroviral therapy versus zidovudine for prevention of mother-to-child transmission in a

Chi et al. Page 13

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.emtct-iatt.org/2012/12/south-africa-announces-change-in-pmtct-regimen-from-april-1-2013/?doing_wp_cron=1356279663.9459359645843505859375
http://www.emtct-iatt.org/2012/12/south-africa-announces-change-in-pmtct-regimen-from-april-1-2013/?doing_wp_cron=1356279663.9459359645843505859375
http://www.unicef.org/aids/files/hiv_BusinesscaseB.pdf
http://www.who.int/hiv/PMTCT_update.pdf
http://www.doh.gov.za/docs/reports/2012/pmtcteffectiveness.pdf
http://www.doh.gov.za/docs/reports/2012/pmtcteffectiveness.pdf


programmatic setting, Botswana. J Acquir Immune Defic Syndr. 2011; 58(3):353–7. [PubMed:
21792062]

76. Zolfo M, De Weggheleire A, Schouten E, Lynen L. Time for “test and treat” in prevention of
mother-to-child transmission programs in low- and middle-income countries. J Acquir Immune
Defic Syndr. 2010; 55(3):287–9. [PubMed: 20714271]

77. Wagner BG, Blower S. Universal access to HIV treatment versus universal ‘test and treat’:
transmission, drug resistance & treatment costs. PLoS One. 2012; 7(9):e41212. [PubMed:
22957012]

78. Auld, AF.; Bolu, O.; Creek, T.; Lindegren, ML.; Rivadeneira, E.; Dale, H., et al. Potential impact
and cost-effectiveness of the 2009 “rapid advice” PMTCT guidelines - 15 resource-limited
countries, 2010 [Abstract WEAE0205]. 18th International AIDS Conference; 2010.

79. Revill, P.; Sculpher, M.; Walker, S.; Shasela, CS.; Kayira, D.; Hosseinipour, MC., et al. The cost-
effectiveness of maternal and infant antiretroviral regimens to prevent vertical HIV transmission in
Malawi [Abstract FRAE0102]. 19th International AIDS Conference; 2012.

80. McCarthy, E.; Ipuge, Y.; Ramadhani, A.; Njau, PF.; Michaelis, A.; Essajee, S. Cost-effectiveness
of options A and B of the 2010 WHO PMTCT antiretroviral guidelines in Tanzania [Abstract
TUPE419]. 19th International AIDS Conference; 2012.

*81. Ciaranello AL, Perez F, Engelsmann B, Walensky RP, Mushavi A, Rusibamayila A, et al. Cost-
effectiveness of World Health Organization 2010 Guidelines for Prevention of Mother-to-Child
HIV Transmission in Zimbabwe. Clin Infect Dis. 2012 This analysis of Zimbabwe’s national
program provides important costing and cost-effectiveness data in support of Options B and B+

82. Dongmo Nquimfack, B.; Shaffer, N.; Perriens, JH. Drug costs and the prevention of mother-to-
child transmission (PMTCT): triple antiretroviral regimens are becoming more attractive [Abstract
WEPE185]. 19th International AIDS Conference; 2012.

83. Mandala J, Torpey K, Kasonde P, Kabaso M, Dirks R, Suzuki C, et al. Prevention of mother-to-
child transmission of HIV in Zambia: implementing efficacious ARV regimens in primary health
centers. BMC Public Health. 2009; 9:314. [PubMed: 19712454]

84. Patel, D.; Cortina-Borja, M.; Thorne, C.; Newell, ML. European Collaborative S. Time to
undetectable viral load after highly active antiretroviral therapy initiation among HIV-infected
pregnant women. Clin Infect Dis; 2007. p. 1647-56.

85. Ioannidis JP, Abrams EJ, Ammann A, Bulterys M, Goedert JJ, Gray L, et al. Perinatal transmission
of human immunodeficiency virus type 1 by pregnant women with RNA virus loads <1000 copies/
ml. J Infect Dis. 2001; 183(4):539–45. [PubMed: 11170978]

86. Weigel R, Hosseinipour MC, Feldacker C, Gareta D, Tweya H, Chiwoko J, et al. Ensuring HIV-
infected pregnant women start antiretroviral treatment: an operational cohort study from Lilongwe,
Malawi. Trop Med Int Health. 2012; 17(6):751–9. [PubMed: 22487553]

87. Chibwesha CJ, Giganti MJ, Putta N, Chintu N, Mulindwa J, Dorton BJ, et al. Optimal time on
HAART for prevention of mother-to-child transmission of HIV. J Acquir Immune Defic Syndr.
2011; 58(2):224–8. [PubMed: 21709566]

88. Paton NI. Treatment interruption strategies: how great are the risks? Current opinion in infectious
diseases. 2008; 21(1):25–30. [PubMed: 18192782]

**89. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al.
Prevention of HIV-1 infection with early antiretroviral therapy. N Engl J Med. 2011; 365(6):
493–505. The HPTN 052 study provided the first clinical trial data for antiretroviral therapy to
prevent HIV transmission from HIV-positive participants to their serodiscordant HIV-negative
partners. [PubMed: 21767103]

90. Government of Malawi Ministry of Health. [Accessed January 2, 2013] Integrated HIV Program
Report, July - September 2012. http://www.hivunitmohmw.org/uploads/Main/
Quarterly_HIV_Programme_Report_2012_Q3.pdf

91. Chirwa, Z.; Chimbwandira, F.; Jahn, A.; Batenganya, M. Integrating ART/PMTCT services into
MNCH services to enhance test and treat strategy for pregnant women (Option B+): the Malawi
experience [Abstract WEPE183]. 19th International AIDS Conference; 2012.

92. Edmonds, A.; Thompson, D.; Okitolonda, V.; Feinstein, L.; Kawende, B.; Behets, F. PMTCT
decentralization dose not assure optimal service delivery: revelantions from successful individual-

Chi et al. Page 14

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.hivunitmohmw.org/uploads/Main/Quarterly_HIV_Programme_Report_2012_Q3.pdf
http://www.hivunitmohmw.org/uploads/Main/Quarterly_HIV_Programme_Report_2012_Q3.pdf


level tracking of HIV-positive mothers and their infants [Abstract THAE0103]. 19th International
AIDS Conference; 2012.

93. Kazembe LN. Spatial modelling of initiation and duration of breastfeeding: analysis of
breastfeeding behaviour in Malawi - I. World health & population. 2008; 10(3):14–31. [PubMed:
19369824]

94. Rosen S, Fox MP, Gill CJ. Patient retention in antiretroviral therapy programs in sub-Saharan
Africa: a systematic review. PLoS Med. 2007; 4(10):e298. [PubMed: 17941716]

95. Fox MP, Rosen S. Patient retention in antiretroviral therapy programs up to three years on
treatment in sub-Saharan Africa, 2007–2009: systematic review. Trop Med Int Health. 2010;
15(Suppl 1):1–15. TMI2508 [pii]. [PubMed: 20586956]

96. Rosen S, Fox MP. Retention in HIV care between testing and treatment in sub-Saharan Africa: a
systematic review. PLoS Med. 2011; 8(7):e1001056. [PubMed: 21811403]

Chi et al. Page 15

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Chi et al. Page 16

Table 1

Clinical evidence in support of the World Health Organization’s Option A and Option B approaches for the
prevention of mother-to-child HIV transmission among women who are yet ineligible for antiretroviral
therapy

Option A Option B

Mother Infant Mother Infant

Antenatal ZDV from 14 onward
[10–12] –

Three-drug combination antiretroviral regimen
from 14 weeks until breastfeeding cessation

[13–16]

-

Intrapartum
Single-dose NVP and 1-
week ZDV+3TC [5, 17,

18]
– -

Postpartum –
NVP for 6 weeks or until
the end of breastfeeding

[13, 19–21]

NVP or ZDV
for 6 weeks

[19]

ZDV = zidovudine; 3TC = lamivudine; NVP = nevirapine
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