




exacerbate funding gaps that may already exist in resource-
constrained settings.

THE NEED FOR ROBUST
PROGRAM EVALUATION

Evaluating Programs Using the
PMTCT Cascade

Despite the numerous clinical advancements over the
past decade, there remains a substantial gap between clinical
trial ef�cacy and“real world” program effectiveness. To ben-
e�t optimally from proven interventions, patients must suc-
cessfully navigate a critical path including (but not limited to):
being offered and accepting HIV testing, receiving a positive
result, being offered and agreeing to appropriate antiretroviral
prophylaxis, and adhering to the prescribed regimen.40 Ide-
ally, all pregnant women seeking antenatal care would move
along this“cascade” without complication; in reality, how-
ever, signi�cant attrition occurs at each step. Barker et al41

demonstrated the potential impact of attrition on perinatal
HIV transmission using a three-step model. Individuals who
successfully navigated the cascade would receive optimal
bene�t (ie, greatest reduction in transmission risk). Depend-
ing on the point of attrition, patients would receive either
partial or no bene�t from the intervention itself, which would
in turn lead to increases in infant HIV transmission at the
population level. For example, at full coverage, provision
for triple antiretroviral regimens antenatally (for either pro-
phylaxis or treatment) resulted in an estimated 6-week infant
HIV transmission of 1.0%. However when the“system ef�-
ciency” (ie, retention at each step) dropped to 80%—a more
realistic estimate for most programs—infant transmission at
the population level climbed to 6.8%.41 Ciaranello et al42

demonstrated similar changes in infant HIV transmission
when different model estimates for uptake were incorporated
across the antenatal and postpartum PMTCT cascade.

A detailed understanding of the PMTCT cascade—
tailored to the local context—could prove useful to national
program managers, because the identi�cation of bottlenecks
is an important�rst step for improving performance. Register-
based indicators have been used to reconstruct steps along the
cascade, but for a variety of reasons these data have typically
proven unreliable.43,44 The PEARL Study included a facility-
based cord blood surveillance methodology to evaluate nevir-
apine-based PMTCT programs in Zambia, South Africa, Cote
d’ Ivoire, and Cameroon.45–47 Its �ndings were notable for the
signi�cant heterogeneity that existed across facilities when
the causes of failed coverage were considered. There is
unlikely to be a“magic bullet” to improve program perfor-
mance globally; instead, careful monitoring and quality
improvement initiatives are needed, tailored to the speci�c
challenges of each site.

Understanding the Population Impact of
PMTCT Programs

Measuring the impact of PMTCT programs at the
population level has proven challenging. UNAIDS, PEPFAR,

and others have relied heavily on mathematical modeling to
estimate trends in pediatric HIV incidence, using coverage
rates of PMTCT services and other national indicators of the
epidemic.48 Although this methodology has been re�ned over
time, modeling approaches invariably fail to completely
incorporate important individual-level covariates, such as
maternal immunologic status, timing of initiation, and adher-
ence. These factors contribute signi�cantly to eventual infant
outcomes but are largely unavailable at a population level.

Recognizing these limitations, PEPFAR and UN agen-
cies have supported national governments to develop and
implement approaches that directly measure the impact of
PMTCT programs on HIV transmission rates and HIV-free
survival at the population level.49 The South African PMTCT
program, for example, completed its�rst national survey of
PMTCT effectiveness on perinatal HIV transmission by test-
ing 4–8 week old infants for HIV exposure and infection at
immunization clinics across 9 provinces in 2010. Overall,
3.5% of HIV-exposed infants were perinatally infected at
the population level.50 Although the initial evaluation was
not designed to measure breastfeeding transmission, the same
survey has been repeated in 2011 and 2012, and all HIV-
exposed infants are being followed through 18 months of
age to assess overall HIV transmission rates (through the
breastfeeding period) and HIV-free survival at the population
level. PEPFAR-funded projects have also studied the feasi-
bility of community survey approaches to describe population
impact of PMTCT programs. The PEARL Study included
a community survey component that closely followed the
Demographic and Health Surveys regularly conducted in
many African countries, with the chief modi�cation of linked
maternal and infant HIV testing.40,51 When implemented in
25 communities across the 4 target countries, infant HIV-free
survival was found to be 80% at 2 years of life.52 A similar
approach has been used in Rwanda to evaluate its national
PMTCT program.53 Although these approaches demonstrate
great promise—and tools are now being developed to facili-
tate their implementation on a wider scale—work is needed to
establish the accuracy and validity of the health outcome
measurements, particularly at the national level.

TOWARD THE ELIMINATION OF NEW
PEDIATRIC HIV INFECTIONS

The bold targets for new Global Plan have reframed the
policy discussion around PMTCT,1 indicating that ending
pediatric HIV is something that can and must be achieved.
Although this vision is laudable—and in fact, has leveraged
substantial political will and donor investments globally—the
question remains as follows: are these goals attainable? Early
mathematical models highlight the ambitious nature of these
targets. Mahy et al54 used the SPECTRUM model to estimate
overall reductions in mother-to-child HIV transmission using
several comparison scenarios across 25 countries. Even under
the most optimistic assumptions—90% coverage for the 2010
WHO guidelines, 50% reduction of incident HIV infection
among all women, ful�llment of all unmet contraceptive
need, and restriction of breastfeeding to 12 months—
outcomes would still fall short of the goal set for virtual
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elimination. In this scenario, transmission globally would be
8% and new pediatric HIV infections would number 72,000
in 2015, representing a 79% reduction from 2009 estimates.54

Work by Ciaranello et al42 also estimates that, even with 95%
uptake of the WHO guidelines, projected transmission risk
with Option A or B (6.1%–7.7%) would still not meet the
“virtual elimination” goal of , 5%.42 These�ndings, like
those of most mathematical models, are heavily reliant on
key assumptions, which carry a degree of imprecision at the
national and regional levels. These models also emphasize
reductions in new pediatric HIV infections; however, the
bene�t associated with certain interventions (eg, restricted
breastfeeding where nutritional supplementation may be lim-
ited) must be carefully weighed against their potential harm.
If we are to make signi�cant gains toward the unprecedented
goal of virtual elimination—and at the same time maximize
maternal and infant survival—a transformative, global
approach to PMTCT and maternal-child health will
be required.

We call for prioritization of 5 key areas. First, the 2010
WHO PMTCT guidelines must be implemented without
delay. Novel strategies for the rapid and safe initiation of
ART among eligible pregnant women require urgent evalu-
ation. These may include point-of-care CD4 testing—which
can reduce time between specimen collection, results
reporting, and regimen initiation55—and treatment strategies
(eg, Option B+) that reduce laboratory requirements before
ART initiation, simplify regimens, and capitalize on antenatal
care as an entry point into life-long care and treatment.
(NB: although innovative approaches such Option B+ may
remove the need for prerequisite CD4 screening, access to
high quality laboratory services remains important for the
long-term monitoring of treatment response.) The increased
demand for antiretroviral prophylaxis and treatment will
require further targeted support for health care infrastructure,
and sustained investment in commodity distribution, human
resource development, and monitoring and evaluation. Task
shifting of routine HIV care and treatment to mid-level pro-
viders, and counseling and support services to community
cadre or peer counselors, will play important roles in these
efforts.56,57 Leveraging synergies between HIV services and
key maternal, child, and neonatal care will be necessary to
enhance PMTCT access and reduce mortality in these popu-
lations.56,57 Programs should also identify and evaluate inno-
vative ways to extend programmatic reach into communities,
so groups that do not typically access facility-based care gain
access to PMTCT services.

Second, tailored approaches for patient retention and
adherence are needed, for both women on prophylaxis and
on life-long treatment. Program attrition has been recognized
as an important threat to the long-term success of adult HIV
treatment,58–60 and early studies suggest that rates of follow-up
losses may be higher when women start ART during preg-
nancy.61,62 In a meta-analysis of 51 studies—including over
20,000 HIV-infected pregnant and postpartum women—74%
had adequate adherence (de�ned as. 80%) to their regimen;
however, adherence was signi�cantly lower in the postpartum
than antepartum period (52% vs. 70%).63 Suboptimal adherence
to medications and clinic visits will reduce the effectiveness

of prophylaxis or treatment for PMTCT and could even lead
to the transmission of resistant virus from mother to infant.64,65

Additionally, women who initiated ART for their own health,
but interrupt treatment, face a more than 2-fold increased risk
of disease progression.66 Novel models, such as partner-based
support and community-based distribution of antiretroviral
drugs, should be rigorously evaluated and considered for
wider implementation.

Third, we must redouble our efforts to protect parents
from HIV acquisition. HIV incidence remains unacceptably
high in many settings,67–69 and a new maternal HIV infection
during pregnancy poses greater risk for transmission to the
infant.70,71Partner-based HIV testing is an important�rst step
in such efforts. Couples identi�ed as discordant may bene�t
from several biomedical interventions such as vaginal
microbicide prophylaxis, antiretroviral pre-exposure prophy-
laxis, male circumcision, and ART provided for the dual
purposes of treatment and prevention (“ treatment as preven-
tion”).23,72–76 We must devise clinical care strategies that
incorporate partners if PMTCT is to truly function as an entry
point for family-based care.

Fourth, the unmet need for family planning must be
addressed globally, particularly among HIV-infected women.
Prevention of unintended pregnancies is a highly cost-
effective tool for decreasing the pediatric HIV burden and
for reducing maternal deaths, both related and unrelated to
HIV disease.77–79 Strategies are needed to address barriers to
access and to support its integration into HIV care and treat-
ment.80,81 Further research is also needed to elucidate the
complicated relationship between certain hormonal contra-
ceptive methods (eg, injectable progestins), HIV acquisition,
and HIV disease progression.82 Until de�nitive data are avail-
able, however, the magnitude of bene�t from family planning
clearly outweighs its potential risk, particularly when used in
conjunction with barrier methods (ie, dual method use).

Finally, although access to PMTCT services should
remain a goal of programs worldwide, we must recognize the
limitations of the simple coverage metric in describing direct
health impact. In parallel, countries should focus on promis-
ing strategies for measuring infant HIV infection and HIV-
free survival at the population level, such as household
surveys and/or immunization clinic-based evaluations with
long-term infant follow-up. Such population-based methods
must be evaluated for acceptability and feasibility, validated
in their ability to reliably measure maternal and infant health
outcomes, and implemented broadly and regularly to
determine gains in PMTCT effectiveness. These methods
will be critical to ensuring that interventions aimed at
preventing transmission do not negatively impact AIDS-free
maternal or child survival, as these are the ultimate goals of
a comprehensive PMTCT program.

In conclusion, the incremental scienti�c discoveries
of the past several years have culminated in the development
of an evidence-based strategy for combination HIV pre-
vention, one that has been supported by PEPFAR and
others.83 Policymakers and program implementers now have
a full armamentarium of interventions, including PMTCT,
male circumcision, HIV treatment for eligible individuals,
and ART for HIV-infected members of serodiscordant
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couples. If properly coordinated and fully implemented at
scale, this“combination prevention package” can dramati-
cally reduce the burden of HIV disease and lead us to an
AIDS-free generation. The elimination of new pediatric
HIV infections and the improvement of maternal and infant
survival are cornerstones of this vision. In collaboration with
national governments, multilateral organizations, donors, and
civil society, PEPFAR’s sustained commitment and leader-
ship are critical to realizing this ambitious goal in the years
to come.
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