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Abstract
Clinical and epidemiologic research has identified increasingly effective interventions to reduce
mother to child HIV transmission in resource-limited settings These scientific breakthroughs have
been implemented in some programmes, although much remains to be done to improve coverage
and quality of these programmes. But prevention of HIV transmission is not enough. It is necessary
also to consider ways to improve maternal health and protect child survival.

A win-win approach is to ensure that all pregnant and lactating women with CD4 counts of <350
cells/mm3 have access to antiretroviral therapy. On its own, this approach will substantially improve
maternal health and markedly reduce mother to child HIV transmission during pregnancy and
delivery and through breastfeeding. This approach can be combined with additional interventions
for women with higher CD4 counts, either extended prophylaxis to infants or extended regimens
of antiretroviral drugs to women, to reduce transmission even further.

Attempts to encourage women to abstain from all breastfeeding or to shorten the optimal duration
of breastfeeding have led to increases in mortality among both uninfected and infected children. A
better approach is to support breastfeeding while strengthening programmes to provide
antiretroviral therapy for pregnant and lactating women who need it and offering antiretroviral
drug interventions through the duration of breastfeeding. This will lead to reduced HIV
transmission and will protect the health of women without compromising the health and well-being
of infants and young children.

Introduction
The field of prevention of mother to child HIV transmis-
sion (PMTCT) has given us some of the biggest break-
throughs and achievements in the field of HIV prevention
research. Notably, clinical and epidemiologic research in

this field established that antiretroviral drugs are effective
agents of HIV prevention. This field has also given us
some the most heartbreaking disappointments and
missed opportunities for resource-poor areas. Prominent
among these are the increased child mortality among
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both infected and uninfected infants that has resulted
from encouraging HIV-infected women to shorten the
duration or abstain from all breastfeeding. Missed oppor-
tunities include the failures to implement widely effective
antiretroviral and counselling interventions. Recent find-
ings provide important new evidence to policymakers in
crafting sound programmes for PMTCT and infant feed-
ing.

Prevention of HIV transmission is not enough. It is neces-
sary also to consider ways to improve maternal health and
protect child survival. In this report, we review the availa-
ble data and conclude that the key to future success in
most resource-limited settings is to provide counselling
and support for breastfeeding while strengthening pro-
grammes that provide antiretroviral therapy for pregnant
and lactating women who need it and offering antiretro-
viral drug interventions throughout the duration of
breastfeeding. This will lead to reduced HIV transmission
and will protect the health of women without compro-
mising the health and well-being of infants and young
children.

Discussion
Discovery that antiretroviral drugs are effective agents of 
HIV prevention
The field of PMTCT can be credited with what is perhaps
the biggest breakthrough in HIV prevention research. Fif-
teen years ago, clinician-scientists in the US and France
demonstrated that zidovudine alone could reduce mother
to child transmission of HIV from 25% to 8% in a non-
breastfeeding population [1]. The use of antiretroviral
drugs to prevent HIV transmission was controversial at the
time, but the results were compelling. However, it was not
clear how the complex and expensive regimen tested in
the first trial could be made applicable to the health care
circumstances in sub-Saharan Africa, where it was needed
most.

Through the dedication and determination of investiga-
tors in the field, the successes of PMTCT research contin-
ued. Through well-coordinated and collaborative trials,
breakthroughs continued, and studies in west Africa and
Thailand demonstrated that short courses of oral zidovu-
dine were effective in reducing transmission [2,3]. A land-
mark study in Uganda demonstrated that single-dose
nevirapine was effective in reducing mother to child HIV
transmission [4]. These two findings provided the first
proof that feasible and effective antiretroviral prophylaxis
could be implemented in developing areas, where health
system resources were highly limited.

Active research in this area produced continued refine-
ments in prophylactic antiretroviral drug regimens. Stud-
ies in Malawi and South Africa demonstrated how post-

partum prophylaxis could be effective for the large
number of infants whose mothers had not accessed opti-
mal antenatal care [5,6]. A pivotal study in Thailand was
particularly useful in demonstrating the improved out-
comes with combination zidovudine and nevirapine
prophylaxis [7]. With the remarkable increases in access to
effective HIV treatment among adults in many African
countries, studies began to clarify how best to integrate
adult treatment and PMTCT activities [8]. Recently, two
important studies demonstrated that using extended
infant prophylaxis could reduce transmission through
breastfeeding [9,10].

Opportunities to implement PMTCT taken and missed
The demonstration that effective PMTCT is achievable has
inspired civil society. Demands for programmes to pro-
vide access to antiretroviral drugs to prevent transmission
to infants mobilized community organizations and the
medical community in South Africa in 2001, resulting in
the establishment of a national PMTCT programme. But
investigators in this field have also been targets of attack
and have borne the brunt of unfair accusations about poi-
soning babies and neglecting women. It has taken great
courage to move these results into programmes.

In part through strong support from the international
community, PMTCT has now been implemented in
almost every African country [11]. There have been several
sites with creative methods to adapt the interventions to
be appropriate to the specific health service needs [12].
For example, in rural Uganda, a special pre-packaged for-
mulation of the infant nevirapine dose was used to ensure
that women who delivered at home could give their
infants the nevirapine [13]. In Zambia, establishment of
rigorous data management systems and careful analysis of
routine data has allowed on-going strengthening of pro-
grammes to improve coverage and quality [14,15]. Imple-
mentation of PMTCT also helped leverage resources for
HIV treatment programmes and has provided a platform
to help treatment programmes get started.

Despite these encouraging successes, major gaps in
PMTCT implementation exist. We are a long way from
widespread implementation of interventions shown to be
effective in clinical trials. Equitable and universal coverage
is lacking in most countries. The global average is esti-
mated to be that about 45% of women who need PMTCT
have access to it [16], and this is highly skewed towards
women living in certain urban areas. There is weak or
non-existent coordination between PMTCT and adult
treatment programmes in many places, and both continu-
ity of care and follow up is very often poor. Quality of
counselling, particularly as it relates to infant feeding, is of
poor quality and often confused [17].
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So, despite successful and clinically relevant PMTCT
research, the human toll of infection among women of
child-bearing age and among children remains high. The
human toll is mostly borne by the young mothers with
HIV who have to grapple with the terrible fear of transmit-
ting HIV to their infants. A mother living in Soweto partic-
ipating in an early infant diagnosis programme typifies
the dilemma: "I told myself that just like in soccer ... I
should prepare myself to either win or lose, positive or
negative." [18] This mother teaches us that despite the for-
midable opponent of HIV, we should not give up hope.

Making sense of the numbers: denominators matter
In the absence of any interventions, about a third of
infants born to HIV-infected mothers acquire HIV infec-
tion. About 20% of infants born to HIV-infected mothers
acquire HIV during pregnancy or delivery, usually referred
to intrauterine and intrapartum transmission (or together
as perinatal transmission) [19]. Approximately 14% of
infants who are breastfed for the typical duration of 18
months will acquire HIV through breastfeeding [20].
These rates, which use the number of infants born to HIV-
infected mothers as the denominator, have been known
since the late 1980s and have been confirmed with more
sophisticated study designs and with the latest HIV diag-
nostic methods [21,22].

If we re-express these rates using the number of infected
children as the denominator, breastfeeding accounts for
about 40% of all infant infections (Figure 1A). Careful
epidemiologic studies over many years have identified
several risk factors for transmission, the strongest of which
are maternal CD4 count and viral load. Additionally, it
has now been firmly established that breast milk trans-
mission is substantially enhanced by the amount of virus
in breast milk, and the quality and duration of breastfeed-
ing [23,24]. Susceptibility factors, including innate and
acquired immune responses in the child, in the mother
and in breast milk, protect against HIV transmission
[25,26].

Antiretroviral interventions given only during pregnancy
and peri-partum reduce transmission occurring during
pregnancy and delivery, and largely leave postnatal trans-
mission untouched. While there may be some short-term
benefits for early postnatal HIV transmission of some
peri-partum antiretroviral drug interventions [27], they
have only minor impact on transmission occurring
throughout the full duration of breastfeeding.

For the purpose of illustration, consider the implementa-
tion of antiretroviral intervention that reduces intrauter-
ine and intrapartum transmission to 8%. Assuming
breastfeeding transmission risk is unaffected, an addi-
tional 14% acquire infection postnatally, bringing the

total transmission rate to 22%. In this scenario, postnatal
transmission now constitutes 64% of all infections, even
though the total number of infections has shrunk. Many
highlight the 64% statistic to emphasize the importance
of postnatal transmission. But it is easy to misinterpret
these numbers because of shifting denominators.

Transmission rates are expressed as the number of
infected infants divided by the number of infants born to
HIV-infected mothers. However, it is important to empha-
size that the 64% statistic includes a different, more lim-
ited denominator - only infected infants born to HIV-
infected mothers (Figure 1B). This distinction becomes
essential to understand for health education, where mes-
sages about the actual magnitude of postnatal HIV trans-
mission may become exaggerated.

Breakthroughs in preventing HIV transmission through 
breastfeeding
It is an unfortunate reality that breakthroughs in confirm-
ing interventions to reduce HIV transmission through
breastfeeding have been made only relatively recently. As
result, the 14% or 64% [sic] postnatal HIV transmission
rates remain unmodified in most education and training
materials for PMTCT programmes. Thus the information
that is provided is out of date and fuels the fear of women
and counsellors (and often policy makers) about breast-
feeding.

There have, however, been three crucial breakthroughs in
understanding how to prevent postnatal HIV transmis-
sion that now confirm that it is possible to reduce postna-
tal HIV transmission to ~1%. These effective interventions
include: (1) lactation counselling and support; (2) use of
triple antiretroviral drug regimens for women that are
either continued life-long as therapy or continued
through breastfeeding as prophylaxis; and (3) extended
regimens of antiretroviral prophylaxis to the infant.

Lactation counselling and support
The new millennium brought remarkable new insights
from the Durban group, demonstrating that the quality of
breastfeeding practices affects postnatal HIV transmission
[24,28]. It showed that the risk of postnatal HIV transmis-
sion was reduced among women who breastfed their
infants only breast milk and nothing else (exclusive
breastfeeding) to three months, and was higher among
women who introduced other foods and liquids earlier
than three months while continuing to breastfeed [24,28].
The benefits of exclusive breastfeeding in reducing postna-
tal transmission have subsequently been confirmed, and
refined, in at least four other large studies [29-32]. The
biological basis of this association remains unknown and
is likely to be multi-factorial [33].
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Transmission rates and proportions of infectionsFigure 1
Transmission rates and proportions of infections. Panel A - Transmission rates and proportions of infections due to 
transmission through different routes among breastfed infants born to HIV-infected mothers if no interventions are provided. 
Panel B - Transmission rates and proportions of infections among breastfed infants born to HIV-infected mothers when short 
course antiretroviral interventions are provided.
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The powerful insight provided by these observations is
that a simple behavioural intervention of improving
breastfeeding quality is as effective in reducing HIV trans-
mission as the short-course antiretroviral drug regimens
used for PMTCT. This is not to say that counselling should
replace antiretroviral interventions. Rather, they are com-
plementary interventions that should be implemented
together. The benefits of lactation management and sup-
port extend beyond reductions in HIV transmission.
Exclusive breastfeeding is best for all infants, regardless of
their HIV status, and is associated with decreased infant
mortality [34]. Another advantage of lactation counsel-
ling is that simple and consistent infant feeding messages
can be given to both HIV-positive and HIV-negative
women.

Therapeutic antiretroviral regimens for the mother
Treating pregnant women with combination antiretrovi-
ral drugs is highly effective in reducing vertical HIV trans-
mission, including transmission through breastfeeding
[35-39]. There are a number of ways in which antiretrovi-
ral therapy can be used. Standard treatment regimens can
simply be given to all HIV-infected pregnant women,
regardless of their clinical stage or CD4 count. This is an
attractive approach for its simplicity, and it has been
shown to be effective [35-39].

Another approach is to optimize the regimens to avoid
toxicity and drug-resistance problems. Important new
results showing the benefit of this approach from Bot-
swana were recently presented [40]. A highly attractive
approach is one based on rational integration of adult
HIV treatment with PMTCT programmes [41]. In this
approach, HIV treatment is provided only to women who
need it for their own health. The effectiveness of this
approach was demonstrated in the MTCT-Plus pro-
gramme in Cote d'Ivoire [8]. This is a win-win interven-
tion that treats the mother while preventing transmission.

It is important to understand why rational integration of
adult HIV treatment programmes and PMTCT is so effec-
tive to reduce postnatal transmission through breastfeed-
ing. It is clearly established that CD4 counts are a very
strong predictor of postnatal transmission: the lower the
CD4 count, the higher the transmission. In our study in
Zambia [42], the postnatal HIV transmission rate through
breastfeeding was 20% in women with CD4 counts of
<350 cells/mm3 and around 4% in women with CD4
counts above 350.

Combining these two populations together yields the esti-
mate of ~12%, usually quoted as the risk of postnatal HIV
transmission through breastfeeding. Marked differences
in the distribution of CD4 counts across study popula-
tions also explain why studies utilizing similar interven-

tions may report such different transmission rates. With
the distribution of CD4 count observed in our cohort in
Zambia, more than 80% of all postnatal infections
occurred among women with CD4 counts of <350 (Figure
2A).

If antiretroviral treatment is provided to all pregnant
women with CD4 counts below 350, the available data
indicate that postnatal transmission will be reduced to 1-
2%. Even if no additional postnatal interventions are pro-
vided for women with higher CD4 counts, the transmis-
sion rate in the population as a whole will still decline to
<5% (Figure 2B).

Extended regimens of antiretroviral prophylaxis to the infant
It is possible to reduce the transmission rate even further
by providing additional interventions for those women
with higher CD4 counts who do not need antiretroviral
therapy for their own health. Two new studies from
Malawi have shown that extended prophylaxis with nevi-
rapine to the infant substantially reduce postnatal trans-
mission through breastfeeding. In the first study,
prophylaxis was used for only 14 weeks [10]. In the sec-
ond study, prophylaxis was used for six months and was
as effective as triple antiretroviral drug regimens given to
the mother as prophylaxis in reducing postnatal transmis-
sion [43]. It will be important to investigate whether
prophylaxis can be extended further to cover the normal
duration of breastfeeding.

Dark clouds of deteriorating infant feeding practices
Despite these important scientific breakthroughs, there is
unfortunately a dark cloud. And this dark cloud is pro-
vided by the shifts in infant feeding practices that have
occurred in many places, inspired by the fear of HIV trans-
mission. In many places, HIV-infected women in commu-
nities that previously had good uptake of full
breastfeeding have shifted away from breastfeeding or
have opted to wean their infants much earlier than they
usually would have.

In sobering new data from rural Rakai, Uganda, mortality
among infants born to HIV-infected mothers who elected
to abstain from all breastfeeding was increased six-fold
compared with infants born to mothers who elected to
breastfeed [44]. In a clinical trial in Botswana, mortality
among uninfected infants born to HIV-infected mothers
was doubled among those randomized to abstain from
breastfeeding compared with those randomized to short
breastfeeding [45]. These two reports together suggest that
the excess mortality due to replacement feeding is higher
in programmatic than in clinical trial settings.

However, even in a clinical trial conducted in a country
with more resources and where reasonable efforts were
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Why treating only women with low CD4 counts reduces postnatal HIV transmissionFigure 2
Why treating only women with low CD4 counts reduces postnatal HIV transmission. Panel A - Postnatal HIV 
transmission rates in the population are an average of low rates among women with high CD4 counts and high rates among 
women with low CD4 counts. Panel B - When antiretroviral therapy is given to women with low CD4 counts, the postnatal 
HIV transmission rate in this group, and in the overall population, declines to low levels.
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made to provide appropriate measures for "safe" formula
feeding, a two-fold increase in uninfected child mortality
was reported [45]. HIV researchers have now learned the
same lessons as studies in the 1960s and 1970s that dem-
onstrated that shifts away from breastfeeding increases
infant mortality [46].

Is "no benefit" equal to "no harm"?
In the Botswana trial, mortality among uninfected infants
less than six months of age was increased about two-fold
among those whose mothers were randomized to abstain
from breastfeeding compared with those randomized to
breastfeed. But abstinence from breastfeeding was able to
reduce HIV transmission. Sadly, adding together these
competing risks, there is no net benefit in terms of HIV-free
survival of abstinence from breastfeeding [45].

We have recently completed a clinical trial in Lusaka,
Zambia, which examined the period of four to 24 months
in greater detail. We, like the Botswana group, also
reported no net benefit of shortening the usual duration of
breastfeeding on HIV-free survival [42]. When we investi-
gated why we observed no benefit of early cessation of
breastfeeding by examining what the women in the inter-
vention and control groups actually did, we found that the
risk of uninfected child mortality to 24 months was
increased about three-fold if women stopped breastfeed-
ing early compared with breastfeeding for 18 months or
longer [47]. Stopping breastfeeding earlier than normal
did reduce transmission. In other words, the benefit of
HIV prevented was canceled out by the harm of unin-
fected child deaths caused by other infectious diseases
(Figure 3).

These results are not reassuring about the safety of absti-
nence from breastfeeding or early weaning. To the con-
trary, "no benefit" does not mean the same thing as "no
harm". A key point is that both of these examples are in
the absence of effective antiretroviral regimens. When we
provide antiretroviral drugs (using almost any of the
approaches described above), postnatal transmission is
substantially reduced.

Viewed in this context, the elevations in uninfected child
mortality caused by abstinence from breastfeeding or
caused by early weaning are no longer justified by HIV
prevention efforts. The numbers of HIV infections pre-
vented are now considerably less than the numbers of
replacement feeding-related deaths caused. When antiret-
roviral drugs are provided, what was previously "no bene-
fit" now becomes harm. This is not because the
antiretroviral drugs are harmful, but because in the deli-
cate risk-benefit balance, mortality caused by abstinence
from breastfeeding or shortening the duration of breast-

feeding is now greater than the amount of HIV prevented
(Figure 3).

This can be seen most clearly among women who have
high CD4 counts and do not meet criteria for antiretrovi-
ral treatment. This group of women is at lower risk of
transmitting even if no interventions are provided. As we
observed in our cohort in the Zambia Exclusive Breast-
feeding Study, for women with higher CD4 counts, there
were worse infant outcomes if breastfeeding was short-
ened. In this group, where the HIV transmission rate is
lower, the risks of prematurely truncating breastfeeding
outweigh any benefits to prevent transmission [47] (Fig-
ure 4).

Should we burn down the forest to save the trees?
In the quest for eliminating HIV transmission, we need to
be cautious of the steps we take to get there. We can save
the child from HIV, but have to be careful that we do not
increase their risk of dying from other diseases. HIV pre-

Balancing adverse outcomes in breastfed and non-breastfed infantsFigure 3
Balancing adverse outcomes in breastfed and non-
breastfed infants. Panel A - When effective antiretroviral 
drugs are not provided, abstinence from breastfeeding or 
early weaning may result in no benefit for HIV-free survival, 
i.e., number of extra uninfected deaths caused = number of 
HIV infections prevented. Panel B - When effective antiretro-
viral drugs are provided, abstinence from breastfeeding or 
early weaning results in worse outcomes, i.e., number of 
extra uninfected deaths (in black outline) caused > number of 
HIV infections (in red outline) prevented.
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vention is not enough: the goal should be healthy chil-
dren. The integration of adult HIV treatment with PMTCT
has shown that it is possible to address both maternal
health and prevent mother to child transmission. We
should now turn to integrating these activities with pro-
grammes to protect child survival.

Integrating PMTCT and child survival
The HIV-exposed uninfected child living in environments
where HIV is the most prevalent is at risk for many dis-
eases, not only HIV. We add to the jeopardy of this child
by some of the interventions we provide as part of PMTCT
programmes. This jeopardy is increased with a single-
minded focus only on HIV prevention without considera-
tion of broader inventions that improve infant health and
development.

The unprecedented resources that have been made availa-
ble to address HIV have overshadowed the resources avail-
able for routine child survival. Many simple interventions
known to be of benefit to high-risk children in low-
resource settings are not being implemented, perhaps
because they do not have the cache and the advocates that
HIV prevention has. The HIV-exposed uninfected child is
also different to all other uninfected children because his
or her mother is HIV positive. This has profound social
ramifications of stigma, familial loss and deterioration of
maternal health, all of which may affect the well-being of
the uninfected children [48].

It also appears that there might be biological deficits asso-
ciated with having been exposed to HIV [49]. Those who
look for correlates of protective immunity in the natural
context have written of the immunologic advantage

among those lucky enough to have escaped HIV infection
[25,26]. But there may be an immunologic disadvantage
that makes exposed, uninfected infants more vulnerable
to other diseases [48]. We are yet to properly understand
what the long-term clinical consequences are for the hun-
dreds of thousands of children exposed to HIV, but who
survive uninfected.

Conclusion
The PMTCT field can be credited with some of the most
important breakthroughs in HIV prevention research. We
have much to celebrate, but there are many challenges
ahead. HIV treatment and PMTCT programmes should
not be implemented as distinct and competing pro-
grammes, but can and should work hand in hand so that
maternal health is addressed alongside prevention of HIV.

The first priority should be to provide access to HIV treat-
ment for all pregnant and lactating women with CD4
counts of <350 cells/mm3. Every effort should be put into
programmes to ensure that this happens. For children
born to mothers with higher CD4 counts, there are several
options, either extended maternal regimens or infant
prophylaxis. Both work to prevent transmission. But this
is not enough.

These programmes also need to link with child survival
programmes, including high-quality counselling to sup-
port lactation, so that prevention of HIV can occur in a
context that ensures the health and well-being of children.
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