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Abstract: Following scientific advancements in the prevention of mother-to-child transmission
(PMTCT) of HIV, a global plan is being implemented to virtually eliminate new pediatric HIV
infections. However, despite revisions to guidelines for providing antiretroviral medications,
including the availability of more effective drug regimens over the past decade, and the recent
rapid scale-up of PMTCT services, sizeable challenges persist in achieving this goal. This
paper provides a summary of recent approaches to the provision of antiretroviral medicines to
pregnant women and the resulting implications. Emerging programmatic and service delivery
considerations, aiming to increase the effectiveness of PMTCT programs to overcome barriers faced by women in accessing PMTCT services are also discussed. Worldwide elimination
of pediatric HIV is now a possibility due to the increasing similarity of PMTCT guidelines in
developing countries to those in developed countries. However the resulting practical challenges
of implementation will require resources and support at local, national, and international levels.
As developing countries strive to adopt and implement more efficacious drug regimens, the
effectiveness of PMTCT programs will be determined by coverage of services and the recruitment
and retention of pregnant women in the cascade. To expand services and provide an effective,
comprehensive approach in under resourced settings, harmonized efforts to address barriers
whilst considering contextual factors will be needed.
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Since the breakthrough clinical trial (ACTG 076) that demonstrated the effectiveness of
antiretroviral medicines (ARVs) for the prevention of mother-to-child transmission of
HIV (PMTCT),1 numerous clinical trials have been conducted to evaluate the efficacy
of ARVs for PMTCT in different combinations administered for varied durations.2
With current regimens, mother-to-child transmission of HIV (MTCT) can be reduced
to less than 2% from a possible 25%–35% (in the absence of any intervention).3
The discovery of efficacious antiretroviral regimens for PMTCT was an important
landmark in the AIDS epidemic. Following scientific achievements, in 2009 the United
Nations, along with its partners, embarked to achieve the goals of virtually eliminating MTCT (eMTCT) from the world and keeping HIV-infected mothers alive.4 The
new Global Plan aims by 2015 to reduce HIV infections among children by 90% and
AIDS-related maternal deaths by 50%.5 The path to achieve these goals however is
fraught with several challenges.
A comprehensive four prong approach for implementation of PMTCT programs
established by the United Nations in 2002 was again espoused in the new plan
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for eMTCT.6 It includes: 1) prevention of HIV in women of
reproductive age; 2) prevention of unintended pregnancies in
women with HIV; 3) prevention of HIV transmission from
mother-to-child; and 4) provision of ongoing care and support
to mothers, their children, and families. The most important
challenge is the implementation of a comprehensive approach
to PMTCT to achieve universal coverage of PMTCT services.
Traditionally, PMTCT programs worldwide have focused on
the identification of HIV infection among pregnant women
and on the provision of medicines to the mother-baby pair to
prevent HIV transmission (Prong 3) rather than implementing
a comprehensive approach.7
In spite of the recent rapid scale-up of services for PMTCT,
as of December 2012, only 62% of HIV-infected pregnant
women receive effective (excluding single dose nevirapine
[NVP]) antiretroviral prophylaxis or treatment.8 While the
rates of MTCT have been declining, there are significant new
HIV infections occurring among children. Despite increased
coverage, 260,000 (range: 230,000–320,000) children were
vertically infected with HIV in 2012.8
Studies have shown that in order to achieve the elimination of new child infections, PMTCT programs must achieve
high coverage of effective ARV interventions and safer infant
feeding practices.6,9 Based on these studies, a relationship
between the effectiveness of ARV interventions for PMTCT
and coverage of these interventions to achieve reduction in
MTCT can be shown diagrammatically. Figure 1 is a visual
representation of the relationship between the effectiveness

of PMTCT protocols and program coverage to achieve a
reduction in MTCT rates. The virtual elimination of pediatric
HIV is not possible with less effective drug protocols, such
as single dose NVP, even if high coverage of services are
offered. It will be possible only with high coverage of
effective PMTCT protocols and programs.
Until recently scientific developments have focused on
identifying effective ARVs for reducing MTCT and have
formed the basis for informing PMTCT protocols. However,
the recent World Health Organization (WHO) recommendation (2010) for low and middle income countries (LMIC)
emphasizes the importance of the simplicity, as well as
harmonization of these protocols for effective delivery.
Programs are now expected to help mitigate the individual,
societal and health systems related factors that act as barriers
to accessing PMTCT services.
This article provides a summary of current guidelines
for PMTCT, including highlights of recent changes, to
approaches and their resulting implications. Potential shortand long-term effects of these changes as well as challenges
that will need to be overcome to implement services (in under
resourced settings in particular) are discussed. Emerging program and service delivery considerations that aim to increase
the effectiveness of PMTCT programs are also explored.
PMTCT guidelines are summarized based on documents
of respective agencies. MEDLINE database was searched for
published research articles regarding clinical implications
of PMTCT guidelines by searching for specific topics such
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Figure 1 Visual representation of the relationship between the efficacy and coverage of PMTCT services.
Notes: This figure is not based on any mathematical modeling. The arrows in the figure demonstrate two dimensions through which PMTCT can be achieved. The vertical
arrow signifies transitioning of the PMTCT programs from less effective to more effective PMTCT drug regimens (from sd NVP to Option A, Option B, or Option B+). The
horizontal arrow indicates program coverage which can be measured by calculating the number of women completing the cascade of PMTCT services. HIV transmission rate
of 2% for effective ARV/ART and 8.4% for less effective ARV (sd NVP as per HIVNET-012 trial) were assumed for making the comparison.
Abbreviations: MTCT, mother-to-child transmission of HIV; PMTCT, prevention of mother-to-child transmission; NVP, nevirapine; ARV, antiretroviral medicine;
ART, antiretroviral therapy; sd, single dose.
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as maternal mortality, drug resistance among women and
children, and pregnancy outcomes. Basing our summary on
implications for service delivery, we searched for recently
published (after 2012) systematic reviews that addressed barriers and facilitators to providing PMTCT services as well as
programmatic approaches for delivering services.

Comparison of current
PMTCT guidelines
The science of PMTCT has evolved rapidly in the past
decade. Studies have shown that compared to mono- or
dual-therapy ARV regimens, the use of triple ARVs is more
efficacious in reducing MTCT.10 It is also evident that ARV
during breastfeeding (BF) reduces the risk of transmission
through breast milk.11
Keeping pace with evidence from clinical trials, there
have been major changes in recommendations for PMTCT
in the past decade. Various public health agencies such as
the WHO, British HIV Association (BHIVA) and the US
Department of Health and Human Services (US DHHS) each
issue updated PMTCT guidelines regularly. Most nations
from developing regions follow the WHO guidelines aimed
at low and middle income countries.12 Guidelines developed
by DHHS, WHO European regional office, and BHIVA
are aimed at specific developed regions such as the USA,
Europe and UK respectively. Other developed countries
such as Canada and Australia base their recommendations
on DHHS guidelines.
The comparative differences and similarities across some
major guidelines related to essential steps in delivery of
PMTCT services are summarized in Table 1. All major guidelines now recommend the use of combination ARVs (cARV)
in HIV-infected women for PMTCT. However, there are still
some differences in terms of choice of ARV medicines and
infant feeding guidelines.

HIV testing
Evidence from both resource-rich and resource-poor settings
indicates that the uptake of HIV testing increases when it
is routinely discussed and offered, and where it is wellintegrated into prenatal care.13 WHO guidelines for LMIC
recommend provider initiated HIV testing and counseling
for pregnant women. Repeat testing in the third trimester,
during labor, or shortly after delivery is recommended in all
settings with a generalized epidemic. In provider initiated
testing, health care providers recommend HIV testing to
patients attending health facilities after providing sufficient
information to make an informed and voluntary decision to

Research and Reports in Neonatology 2014:4

Advances in PMTCT and their implications

be tested. It also entails maintaining patient confidentiality,
performing posttest counseling and making referrals to
appropriate services.13
The guidelines from most developed countries have
adopted the policy of universal HIV testing as a part of
routine prenatal care, with patient notification (opt-out
screening). There are a few differences as far as repeat testing is concerned. DHHS guidelines recommend it only in
jurisdictions with elevated rates of HIV infection among
pregnant women, whilst BHIVA guidelines recommend it
in women with continued risk of infection.

Eligibility criteria for initiating antiretroviral
therapy (ART) for mother’s own health
Until the 2010 WHO guidelines for LMIC, guidelines
recommended a lower CD4 cut off value (200/cmm) as compared to other developed country guidelines.14,15 However,
current WHO recommendations for LMIC are either to
initiate ART at CD4 cut off of 500/cmm or initiate treatment
for all pregnant and BF women. This approach is not only
aimed at eliminating MTCT but is also expected to ensure
better health in mothers and reduce sexual transmission.12
In contrast, guidelines for the UK16 and Europe17 maintain
CD4 cut off values of 350/cmm to initiate ART. DHHS
guidelines recommend initiating ART in all HIV-infected
individuals.18
The question of whether to initiate ART during the first
trimester in eligible pregnant women has been especially
challenging, considering the risk of fetal exposure to ARVs,
vis-à-vis risk of transmission. DHHS and WHO European
region guidelines suggest that the decision to defer ART
initiation until after the first trimester should be based on
disease progression in the mother including assessment of
CD4 count, viral load, and risk of opportunistic infection.
The recommendations regarding use of efavirenz (EFV)
as part of ART are conflicting. DHHS does not approve
initiation of EFV based ART in the first trimester, compared
to BHIVA who note that there is insufficient evidence to
recommend the avoidance of EFV in the first trimester of
pregnancy. WHO guidelines for the European region have
considered EFV as one of the options for substituting NVP
in eligible women with CD4.250/cmm.

Choice of drugs and timing of ARV prophylaxis
All guidelines recommend provision of cARV during
a ntepartum (starting from second trimester), intrapartum periods, and during BF. An additional component of
intrapartum care, intravenous azidothymidine (AZT), is

submit your manuscript | www.dovepress.com

Dovepress

113

114

submit your manuscript | www.dovepress.com

Dovepress

B.2.1

B.2

B
B.1

A

Not recommended

ii. What to start?

As per guidelines for adults
Cautious use of NVP in women with
CD4 .250/cmm

Pregnant women eligible for ART
i. When to initiate
Start immediately
ART?

ii. Drug resistance
studies before
initiating ART

Recommendations for HIV testing
Recommendations
Generalized epidemic: provider initiated
for HIV testing during
testing and counseling as a routine
pregnancy, intrapartum
component of the package of care in
and postpartum
all antenatal, childbirth, postpartum
and pediatric care settings. Re-testing
recommended in the third trimester, or
during labor or shortly after delivery
Low-level and concentrated epidemics:
provider-initiated testing and counseling
for pregnant women
Recommendations for ARV interventions in different scenarios
HIV infected women
Continue current combination ARV
on ART who become
regimen
pregnant
If on d4T switch to TDF based regimen
ARV naïve pregnant women diagnosed with HIV
i. Eligibility criteria to
CD4 ,500/cmm or WHO Stage 3 or 4
start ART
(option B)
OR
All pregnant and lactating women
(option B+)

WHO
Low and middle income
countries 2013

Table 1 Comparison of current PMTCT guidelines

Delayed initiation until after first
trimester can be considered in women
with high CD4 count and low VL
As per guidelines for adults
NRTI: AZT + 3TC (preferred), TDF
(may be considered as alternative)
PI: LPV/r, or ATV/r (preferred)
NNRTI: avoid initiation of EFV in
first trimester, its use after first
trimester may be considered,
NVP is preferred if CD4 ,250/cmm but
not to be initiated if CD4 .250/cmm

All HIV-infected individuals (the
strength of recommendation varies
by pretreatment CD4 cell count:
CD4 count ,350/cmm (AI); CD4
count 350–500/cmm (AII); CD4
count .500/cmm (BIII)
Recommended

Continue current combination ARV
regimen

Include HIV test in routine panel of
prenatal screening tests, after
notification to the woman (opt out
screening)
Repeat testing in areas with high HIV
prevalence

DHHS 2012

As per guidelines for adults
EFV in the first trimester of pregnancy
not contraindicated, cautious use of
NVP in women with CD4 .250/cmm

Start immediately

Recommended

CD4 ,350/cmm; AIDS defining
illness (consider lifelong ART at CD4
=350–500/cmm during pregnancy)

Continue current combination ARV
regimen

Offer HIV test along with other
antenatal screening tests, repeat test
in women with continuing risk of
infection

BHIVA 2013

Preferred option: fixed dose
combination of ZDV plus 3TC
with NVP (CD4 ,250/cmm) or
boosted PI (CD4 .250/cmm)

Defer to after first trimester unless
high risk of OI

Recommended
If drug sensitivity testing not available
and prior exposure to NVP, boosted
PI-based therapy is preferred

CD4 #350/cmm

Continue current combination ARV
regimen

Provider initiated offer and
recommendation in antenatal setting

WHO
European region 2012
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Recommendations for ARV interventions for baby
BF: 6 weeks daily NVP replacement feeding:
4–6 weeks NVP or twice-daily AZT
Recommendations for infant feeding methods
BF with ARV interventions
(EBF for 6 months and continue BF
for first 12 months of life), or avoid all
BF (counseling option
to be decided at national/subnational level
Recommendations for early infant diagnosis
Virological test: first test at or around
birth or at the first postnatal visit (usually
4–6 weeks)
Breastfed infant: repeat HIV antibody test
at 9 months, 18 months and/or 6 weeks
after cessation of BF
Note: confirm a positive antibody test at
9 months by virological test

If option B, 1 week after cessation of BF
If option B+, to be continued lifelong
Recommendations for mode of delivery
ECS recommended only for obstetric
and other medical indications

iii. When to stop?

Continue oral ART during labor

Pregnant women not eligible for ART
i. When to start ARV
cARV from 14 weeks
prophylaxis?
ii. What to start
Preferred regimen: TDF + 3TC/FTC + EFV

Virological test: within the first
14–21 days, at 1–2 months and
4–6 months of age

Avoid BF

6 weeks AZT

ECS at 38 weeks if HIV RNA levels
.1,000 copies/mL or unknown HIV
levels near or at the time of delivery,
irrespective of ARV

After delivery (after assessing the
need to continue ART postpartum)b

Dual NRTI (TDF + FTC/ABC +
3TC/3TC + AZT) plus boosted PIa

Dual NRTI (at least one or more of
AZT, TDF, 3TC/FTC, ABC) plus
ATV/r or LPV/r (preferred)
IV AZT to be added during labor if VL
.400 copies/mL

Virological test: within 48 hours of
life, at 6 and 12 weeks of age
Breastfed infant: infant viral
diagnostic tests monthly then twice
between 2 and 8 weeks after weaning
Definitive diagnosis by HIV antibody
test at 18–24 months

Avoid BF

4 weeks AZT/cARV as per
mother’s VL

ECS at 38–39 weeks if VL $400 HIV
RNA copies/mL at 36 weeks

Intrapartum IV AZT if VL
.10,000 copies/mL or untreated
women with unknown VL
After delivery

cARV initiated by 24 weeks

cARV from 12 weeks

Virological test: within 48 hours of
life, at 6 and 12 weeks of age
Definitive diagnosis by HIV Antibody
test at 15–18 months

If AFASS: formula milk is the
preferred option
If not AFASS: maternal ART should
be continued until completion of
weaning by 12 months infant age

AZT + 3TC for 4 weeks plus NVP
for 2 weeks

Vaginal delivery if HIV-VL
,50 copies/mL at week 36

1 week after cessation of BFb
Or after delivery

Continue oral ART during labor

cARV initiated between
14–24 weeks
Dual NRTI (AZT + 3TC) + ritonavir
boosted PI or triple nucleoside

Notes: aThe prolonged half-life of NNRTIs makes them less suitable as part of a short course of treatment for PMTCT only. Therefore, boosted PIs are preferred; bon NNRTI based regimen, continue NRTI tail for 7 days after stopping
NNRTI.
Abbreviations: AFASS, affordable, feasible, accessible, sustainable and safe; EBF, exclusive breast feeding; ABC, abacavir; ZDV, zudovudine; OI, opportunistic infections; ATV/r, atazanavir/ritonavir; d4t, stavudine; PMTCT, prevention
of mother-to-child transmission; WHO, World Health Organization; DHHS, US Department of Health and Human Services; BHIVA, British HIV Association; ARV, antiretroviral medicine; cARV, combination ARV; TDF, tenofovir;
ART, antiretroviral therapy; NRTI, nucleotide analog reverse transcriptase inhibitor; NNRTI, non-nucleotide analog reverse transcriptase inhibitor; LPV/r, lopinavir/ritonavir; EFV, efavirenz; NVP, nevirapine; PI, protease inhibitor; AZT,
azidothymidine; 3TC, lamivudine; FTC, emtricitabine; IV, intravenous; VL, viral load; BF, breastfeeding; ECS, elective cesarian section.
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r ecommended by DHHS and BHIVA guidelines in women
with high viral load. Continuation of ARVs until cessation of
BF is recommended in guidelines for developing countries.
Apart from the efficacy of the regimen, the WHO
guidelines for LMIC now give consideration to operational
issues such as programmatic ease of using a simplified
regimen that is harmonized with nonpregnant adults. These
guidelines recommend the use of a fixed dose combination
of tenofovir (TDF) with lamivudine (3TC), or emtricitabine
(FTC) with EFV during pregnancy, and BF as the preferred
choice.12 The most recent guidelines do not recommend AZT
monotherapy to mother and extended NVP to BF infants.12
Comparison of these guidelines shows consistency across
the guidelines as far as the use of a nucleotide analog reverse
transcriptase inhibitors (NRTI) backbone. Major differences
are seen with regards to the choice of a third ARV drug. This
is mainly due to safety concerns of non-nucleotide analog
reverse transcriptase inhibitors (NNRTI). WHO guidelines
for LMIC approve EFV based regimens for PMTCT. Protease
inhibitor (PI) based regimens remain the protocol of choice
for guidelines for developed countries (Table 1).

Mode of delivery and care during
the intrapartum period
Guidelines for LMIC recommend the use of elective cesarean
section (ECS) only in the presence of obstetric indications
as opposed to all developed countries where ECS is recommended in women with detectable viral load.
With regards to management of labor, WHO 2013 as
well as DHHS guidelines recommend wherever possible
to avoid the use of invasive instrumentation such as scalp
electrodes and blood sampling, amniotomy, instrumental
delivery with vacuum/forceps and episiotomy. However
the BHIVA guidelines conclude that studies done in the
pre-Highly Active Antiretroviral Therapy (HAART) era do
not support that these procedures in fact increase the risk.
Unfortunately this has not been studied subsequent to the
introduction of HAART. As such BHIVA recommends that
labor among HIV-infected women be managed as any other
woman following national guidelines, in particular where
the viral load is suppressed to ,50 HIV RNA copies/mL.
An exception to this is in the case of spontaneous rupture
of membranes (ROM) at term where management will
depend on the maternal viral load. Induction of labor for
those with ,50 HIV RNA copies/mL is recommended
immediately with a very low threshold for management of
intra-partum fever due to the increased risk of transmission
seen with chorioamnionitis. For those with higher viral loads
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immediate C-section is recommended.16 Additionally it is
noted that HIV itself is not a reason to require increased
intrapartum fetal monitoring as no increased risk of hypoxia
or sepsis has been seen.16 During postpartum care, WHO12
encourages washing of blood from the newborn and noninvasive suctioning of nasogastric secretions as a means to
reduce risk of transmission, however WHO European region
guidelines17 suggest that current evidence does not support
that any special cleansing methods are beneficial, instead
recommending routine care.

Infant feeding practices
Complete avoidance of BF eliminates risk of MTCT
through breast milk. At the same time, it increases risk of
infant morbidity in settings with limited access to safer
alternatives and poor child care facilities.19 Striking a balance
between HIV-free survival and eliminating the risk of HIV
through BF in such settings becomes challenging. Current
WHO guidelines for LMIC recommend exclusive BF for
the first 6 months of life, the introduction of appropriate
complementary foods thereafter, and the continuation of BF
until 12 months of age. BF should only be stopped once a
nutritionally adequate and safe diet without breast-milk can
be provided. The mother should receive cARV regimen during this entire period of BF. This recommendation is based
on evidence that the maximum benefit of BF in preventing
mortality from diarrhea, pneumonia, and malnutrition is seen
in the first 12 months of life12 and that the risk of transmitting HIV to infants through BF is low in the presence of
ARV drugs. Due to programmatic difficulties, the option of
providing ARVs to HIV exposed babies throughout BF is no
longer recommended.
Considering the residual risk of transmission in spite
of ARV coverage during BF20,21 and the availability of
acceptable, feasible, affordable, sustainable, and safe alternatives to breast milk, guidelines for developed countries
consistently recommend avoidance of BF in HIV-infected
women.

Implications of different
PMTCT protocols
Combination ARV regimens recommended in current
PMTCT guidelines are proven to be most efficacious in
reducing MTCT. However, their impact on maternal deaths
attributed to HIV/AIDS is yet to be seen. There will also
be concerns about potential adverse pregnancy outcomes
(APOs) and the safety versus toxicity of cARV during
pregnancy and issues related to drug resistance in mother or
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babies acquiring breakthrough infections.22 As the coverage
of cARV in HIV-infected pregnant women increases, these
concerns will have larger implications, especially in high
HIV burden countries.

Maternal mortality
As per current estimates, HIV attributed maternal mortality
ratio (15 per 100,000) seen in developing regions is higher
than in developed regions (2 per 100,000). 23 In 2010,
37,000 women died due to AIDS related causes during
pregnancy, of which 33,000 were from developing countries.
Sub-Saharan Africa was the worst affected region of all.24
Studies from South Africa have reported that HIV associated
coinfections such as TB, pneumonia, and meningitis are a
major cause of death among HIV-infected mothers.25 While
higher maternal mortality is seen in women with low CD4
counts, the risk of mortality among HIV-infected women
was significantly higher compared to HIV uninfected women
irrespective of CD4 count.26
Wider availability of ART during the last few years does
not appear to have had much impact on maternal mortality
in women living with HIV. Longitudinal population-based
HIV/AIDS data from the African network shows that there
has been no significant reduction in maternal mortality
during the post HAART era. However cARV based PMTCT
interventions were not implemented at any of these study
sites during this period.27 Many national programs from
developing countries have adopted cARV regimens only
recently. For example, Malawi rolled out option B+ (lifelong ART to pregnant and BF women) in 2011. Though it
is premature to know the actual impact of these changes, it
is expected that with increased access to efficacious ARV
regimens during pregnancy, HIV related maternal mortality in these regions will reduce. This is corroborated by the
findings from an observational study based on a cohort of
pregnant women followed in a public health program in
Malawi and Mozambique which documents the benefit of
using extended antenatal cARV (.90 days) in reducing
maternal mortality in HIV-infected women irrespective of
their CD4 counts.28

APOs
The evidence on risk of APOs with the use of combination
ARVs during pregnancy is conflicting. A combined analysis of
data from three observational studies from the USA and Europe
showed that HAART was associated with a 1.5-fold increased
odds of preterm delivery compared with dual-therapy.29
Additionally HAART associated increased risk for preterm
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delivery when compared to monotherapy was seen in only two
of three cohorts (European Collaborative Study and National
Study of HIV in Pregnancy and Childhood, but not in the
Pediatric Spectrum of HIV Disease project). Authors attribute
heterogeneity in the association to differences in populations
and data collected. Similar heterogeneity was seen in several other studies from developed30–32 and developing28,33–36
countries that compared HAART (PI based or non PI based)
during pregnancy with no therapy/monotherapy/dual-therapy.
Comparisons between PI and non PI based combination ARV
regimens have also shown conflicting findings. Secondary data
analysis of a randomized control trial from Botswana reported
a small increase in risk of preterm birth with use of PI based
regimens as compared to 3NRTI begun at 26–34 weeks of
pregnancy in HIV-infected women with CD4 .200/cmm.36
This was in contrast to findings from a study of a prospective
cohort of women that found no higher risk of preterm birth
or low birth weight with use of PI based cART as compared
to non PI based cART.32
Townsend et al estimated the risk–benefit ratio for HAART
in pregnancy based on MTCT and preterm delivery rates from
the UK and Ireland surveillance data collected through the
National Study of HIV in Pregnancy and Childhood.37 They
estimated that for every 100 HIV transmissions prevented
through the use of HAART (rather than monotherapy), 63
additional preterm deliveries would occur, including 23 at
,32 weeks gestation. The authors note that interpretation
of these ratios is context-dependent and requires additional
information about morbidity, mortality and costs associated
with the outcomes.
In addition to HAART associated APOs, other factors
such as maternal malnutrition also increase the risk of APOs.
In a study among rural HIV-infected women from Uganda initiating cART, anemia and inadequate gestational weight gain
were commonly seen and were associated with APOs.38
In regions with a high burden of HIV, APO in HIVinfected women may pose an additional burden to health
facilities. Health care systems will need to be prepared to
meet these emerging needs. Provision of cART as a part of
comprehensive maternal and child health care will be a key
strategy to improve pregnancy related outcomes in HIVinfected women in LMIC.

Safety and toxicity of triple drug regimens
during pregnancy and BF
Extensive information is now available about the toxicity profile of different ARVs in adults and how these
can be monitored. However there are additional concerns
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regarding certain ARVs during pregnancy. Information on
ARVs such as EFV and TDF during pregnancy is limited as
compared to the long experience that AZT, NVP, and LPV/r
(lopinavir/ritonavir) have had.
Although available data suggest that the concerns about
risk of neural tube defects in babies with use of EFV during pregnancy are unfounded,39 continued surveillance is
warranted with increasing coverage of PMTCT programs.
Current antiretroviral registry40 data does not indicate an
increased risk of birth defects with EFV during the first or
second trimesters. Neurological effects and depression are
known side effects of EFV. The additional impact of EFV
on depression commonly associated with pregnancy and the
postpartum period is not known. Although decreased bone
mineral density has been observed in children with chronic
use of TDF, in utero exposure to TDF does not appear to affect
growth in HIV exposed children.41,42 Bone and renal toxicity
have been documented in adults put on TDF. Additionally
lactating women normally have bone loss during BF and it is
not yet known if this is exaggerated with use of TDF during
this period. More evidence about TDF toxicity in pregnant
and lactating women is needed to determine optimal monitoring during this period.
Severe NVP induced hepatotoxicity is observed among
pregnant women with a CD4 count .250/cmm. Initiation
of NVP is best avoided in pregnant women with high CD4
counts. AZT is known to adversely impact hematologic
parameters. A small reduction in hemoglobin in the mother
and infant is seen with AZT exposure.
Recognizing the need of further evidence to reduce the
uncertainty, WHO recommends that toxicity surveillance
systems and additional research should be undertaken by
national programs in low and middle income countries.43

Drug resistance in pregnant women
with prior exposure to ARVs
Different ARV regimens such as single dose (sd) NVP,
short- and long-term AZT with or without sd NVP, and pregnancy limited dual/triple ARVs have been used as PMTCT
prophylaxis in various settings. Short-term mono- or dualtherapy ARV regimens are likely to induce resistant mutations. High rates of M184V/I mutation, which confer high
level resistance to 3TC/FTC, were seen among women who
received a short course of dual ARVs during pregnancy,44
adversely affecting virological response in the mother with
subsequent initiation of ART for her own disease.45 A metaanalysis among women who received single-dose NVP
with or without other antepartum antiretrovirals reported
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prevalence of NVP resistance as high as 35.7% (95% CI,
23.0–50.6).46 A higher risk of virological failure was seen
with NNRTI based ART in women with recent exposure
to sd NVP,47 but this risk diminished with time.48 Also, the
TDF + FTC + LPV/r regimen was found to be superior in
such women as compared to TDF/FTC/NVP when used
subsequently. Very low rates of resistance mutations were
seen with the use of pregnancy-limited PI-based combination ARV regimens.44
A large number of pregnant women from developing
countries have been exposed to mono- or dual-therapy
ARV based PMTCT regimens until 2010.49 They could be
at higher risk of treatment failure when started on NRTI +
NNRTI based combination therapy and this also introduces
the risk of transmission of drug-resistant virus.22 These
women might have limited options for future ART. In such
situations, close virological monitoring of these women is
essential. Some national programs have considered alternate
options for such women. For example, the National AIDS
Control Organisation (NACO) in India recommends use of
a LPV/r based regimen in women with previous exposure
to NNRTI.50

Drug resistance in children
with breakthrough infection
A high proportion of resistant mutations have been observed
in HIV-infected children exposed to NNRTI used for
PMTCT. However resistance profiles in children exposed to
triple drug combination during pregnancy and BF are not
well-known. In a study among women initiating HAART
(NVP + d4T [stavudine] + 3TC) during the BF period, 11 of
37 infants were detected to have multiclass resistance.51
A secondary analysis from Kisumu Breastfeeding Study
(KiBS) data assessed emergence of resistance to triple drug
maternal ART (ZDV [zudovudine]/3TC and either NVP or
nelfinavir [NFV]) given from 34 weeks to 6 months postpartum. Sixteen out of 24 infected infants were found to have
mutations conferring resistance to 3TC and NVP.52 Limited
data exist about resistance profiles in HIV-infected children
exposed to regimens containing TDF and EFV given during
pregnancy and BF. There is little penetration of TDF through
breast milk and it is not known if feeding will increase the
risk of resistance to EFV and 3TC in infants.
The choice of an optimal regimen in children with
breakthrough infections will be a critical issue in the future.
Currently LPV/r-based regimens are the preferred choice
for treating young HIV-infected children. The efficacy
of this regimen in children with multiclass resistance is
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not known. More evidence in this regard is needed to inform
guidelines for LMIC where access to drug resistance testing
is minimal.

Translating scientific knowledge into
action: coverage of PMTCT services
Now that new guidelines are available, translating scientific
advancement into field level action to achieve maximum
gains in reducing MTCT will be the challenge faced by
service providers. Heterogeneity exists in the HIV epidemic as well as in the coverage of PMTCT services across
countries and regions. Coverage is highest in Eastern and
Central Europe and the Caribbean (more than 90%), while
coverage is much lower in Asia and the Pacific and the Middle
East and North Africa (less than 20%).8
While developed countries have long maintained near
universal coverage of PMTCT services, providing such
coverage in developing countries where more than 90% of
HIV transmission to babies occurs has been a difficult task.
For effective PMTCT programs, it is essential that women
complete the entire cascade of PMTCT services.
Several reviews published in the past 2 years suggest an
unacceptably high proportion of loss to follow up (LTFU)
of HIV-infected women at different stages of the cascade
of PMTCT services.53–56 The LTFU of women between
antenetal clinic (ANC) registration and delivery or of women
who do not receive any ARV prophylaxis is reported to be
approximately 50% in a review by Sibanda et al,54 and Tudor
Car et al,55 and 30% by Wettstein et al.56 The range of LTFU
of infants from PMTCT programs before undergoing HIV
testing was reported between 21%–36% in these studies.
These reviews also noted significant LTFU of HIV-infected
children who were linked to HIV care, with obvious detrimental consequences. The inability to retain women in PMTCT
programs has major implications not only for preventing HIV
transmission to the baby, but also for providing comprehensive HIV care to an infected women, her infected partner or
child, and to the provision of family planning services (affecting both Prongs 2 and 4 of the WHO approach).57
HIV testing during pregnancy, which is considered as
the first step in the cascade of PMTCT services, is still
beyond the reach of many pregnant women in developing
countries.8 Personal barriers to testing include poor knowledge about HIV, young maternal age, lack of education
and family support, denial of risk, cultural considerations
and fear of stigma.53,54,56 Systemic barriers include lack of
access to timely ANC care resulting in late presentation,
non-facility deliveries, shortage of trained staff and test
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kits, cost and distance issues and concerns around privacy and disclosure issues such as inadequate counseling
spaces.53–56
Among the approaches for getting women to access
services for antenatal care, ideally in a setting where there
is integration of her care with other family health services,57
community involvement seems to play a key role.58–61 While a
recent review of published literature on community-based and
community-oriented strategies demonstrate increased effectiveness of the PMTCT programs62 there is also recognition
that there is no one-size-fits-all for community engagement.63
Effective and meaningful community engagement requires
consideration for epidemiological, socio-cultural and health
systems related factors.
The next step in the cascade involves initiating ART. In
countries with a high burden of HIV such as the Democratic
Republic of Congo, Angola, Chad, Ethiopia and Nigeria,
less than 50% of the pregnant women received antiretroviral
preventive services in 2012.8 Barriers to women receiving
ART include personal compliance issues as well as systemic
issues of human, material, and financial resources.55 Potential
facilitators may lie in the ability to find simplified methods
to diagnose and evaluate women’s needs and eligibility for
cART.57
Once women are linked to care facilities, continued
access to PMTCT services has been shown to be improved
not just by providing cART but also by involving male
partners (Prong 3 and Prong 4 of WHO approach). 56,58
Lack of male involvement has been identified as one of
the barriers in implementing effective PMTCT programs.
While the benefits of involving men in PMTCT programs
for preventing HIV transmission within couples as well
as increasing the uptake of PMTCT services64 has been
shown and strategies to involve men in PMTCT65 have
been documented, there is limited research evidence on the
effectiveness of male involvement in improving PMTCT
outcomes.66,67
The integration of PMTCT services within sexual
and reproductive health services is another important
programmatic strategy that has been suggested for improving
the effectiveness of PMTCT program outcomes (Prong 1 and
Prong 2 of WHO approach).57,61 There are several compelling
reasons for taking this approach starting with the fact that
the target groups for both these services are the same. From
the perspective of the recipient, who is unlikely to separate
her sexual behaviors and the consequences of those into
neat boxes marked “HIV”, “pregnancy”, and “other STIs”,
the health messages and services delivered are often similar,
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making their delivery more efficient. Such convergence
could also have logistical benefits for programs in terms of
the ease of dealing with issues of procurement and program
management and by decreasing the resources required. It
has also been suggested that the provision of strong family
planning services and contraception to avoid unplanned
pregnancies may even have a greater impact on preventing
MTCT than HIV testing and diagnosis.60 Although not much
data are currently available regarding the impact of integration of PMTCT and other RCH services, a Cochrane review
by Tudor Car et al68 did not find sufficient evidence to make
definitive conclusions about the effectiveness of integration
of these interventions with other health services compared
to providing them as stand-alone services. Further research
on intervention coverage, service uptake, quality of care
and health outcomes and the optimal integration modality is
urgently needed to assess the effect of integrating perinatal
PMTCT interventions with other health services. Another
potential facilitator to overcome the challenge of providing ART includes the role of simplified PMTCT protocols.
Several reviews have addressed this, and its relationship with
LTFU, suggesting that it may reduce the barriers to accessing
services.53,54 An emerging approach in PMTCT in developing
countries is to provide cART (option B+). While provision of
cART can have the effect of potentially reducing individual
level barriers53 due to improved contacts with the health
systems/counselors and due to improved monitoring (CD4
testing/adherence monitoring), other challenges will emerge
mainly related to the health systems requirements needed
to support B+ including supply chain and ongoing clinical

monitoring for patients. Delivery of the B+ guidelines will
therefore require health systems strengthening.61 Figure 2
shows the potential effect of cART on barriers in accessing
PMTCT services.

Summary
Rapid changes are occurring in the PMTCT scenario especially in developing countries. The increasing similarity
in the guidelines regarding PMTCT between developed
and developing countries is opening up the opportunity to
envision the elimination of pediatric HIV. Guidelines now
show changes in ARV regimes from monotherapy to cARV
and from short-term prophylaxis to lifelong treatment for
women. Issues related not only to the practical implementation of these changes, but to safety and toxicities of ARVs,
drug resistance in mothers and in children with breakthrough
infections, and adherence to ARVs during and after the postpartum period will become important questions in the context
of PMTCT that will need to be addressed. Furthermore, as
more efficacious drug regimens are adopted for PMTCT,
the effectiveness of PMTCT programs will now become
determined by the coverage of services and the recruitment
and retention of pregnant women in the cascade. Both barriers and facilitators have been documented which impact
the uptake of services at several steps across the cascade of
continuum of care of HIV-infected women and children. To
expand services and provide an effective, comprehensive
approach to improve program effectiveness, there is a need
to harmonize efforts to address barriers whilst considering
contextual factors.

Combination ART (option B+)
Increased contact with health systems; improved
counseling and improved monitoring

Uncertain effect

Potential positive effect

Reduction in poor knowledge of
HIV/ART/PMTCT
Better management of denial/shock
Reduction in fear of HIV positive result
of the baby

Potential increase in challenges

Support from family/partner

Shortage of trained staff

Dealing with depression

Cost and time for accessing health
services

Socio-cultural norm
Non-facility deliveries
Stigma

Unfriendly health workers
Fear of involuntary disclosure
Stock outs (test kits, medicines)

Figure 2 Possible effect of combination antiretroviral therapy (cART) on barriers to accessing continuing care due to increased number of visits to the counselor and
improved monitoring.
Abbreviation: PMTCT, prevention of mother-to-child transmission.
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