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Synopsis
Infant feeding policies for HIV-infected women in developing countries differ from policies in
developed countries. Here we summarize the epidemiologic data on the risks and benefits of
various infant feeding practices for HIV-infected women living in different contexts. Artificial
feeding can prevent a large proportion of mother-to-child HIV transmission but also is associated
with increases in morbidity and mortality among both exposed-uninfected and HIV-infected
children. Antiretroviral drugs can be used during lactation and reduce risks of transmission. For
most of the developing world, the health and survival benefits of breastfeeding exceed the risks of
HIV transmission, especially when antiretroviral interventions are provided.

Introduction
Artificial feeding has been recommended for HIV-infected women in the developed world
since 1985 after an occurrence of HIV transmission through breastfeeding was first
described.1 When the World Health Organization (WHO) initially recommended that HIV-
infected women in the developing world continue to breastfeed (1992)2 the guidance was
criticized by some as upholding a “double standard.” Twenty-five years later, with an HIV
epidemic that has established itself with a vengeance in some of the poorest and most
vulnerable communities of the developing world, the international community still grapples
with this complex issue. However, there are now considerably more empirical data to inform
this dilemma, as well as the possibility of antiretroviral and behavioral interventions that
change the terms of this debate. In this review, we summarize the data describing the
survival and health benefits of breastfeeding versus artificial feeding for infants and young
children born to HIV-infected women. We conclude that context matters. For most of the
developing world, the health and survival benefits of breastfeeding exceed the risks of HIV
transmission, especially when antiretroviral interventions are provided.
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HIV transmission through breastfeeding
It is now well established that HIV is transmitted throughout the duration of breastfeeding.3–
5 Thus the major health benefit of artificial feeding, in both developed and developing
countries, is that postnatal HIV transmission is avoided. Pregnancy and delivery
transmission cannot be so easily avoided and in the absence of antiretroviral drugs
approximately 20% of HIV-infected women transmit the virus via these two routes.6
Breastfeeding adds further infections with the cumulative rate of breastfeeding-associated
infection determined by the nature of breastfeeding practices and the duration of all breast
milk exposure. Unqualified statements that breastfeeding adds an additional transmission
rate of 14%3,7 neglect the variability of normative infant feeding practices across
communities and across women within communities. It is logical that the post-natal
transmission rate increases with breastfeeding duration, as infections accumulate with each
month of additional exposure.8 It is more difficult, however, to quantify the instantaneous
hazard or force of infection during early or later periods of breastfeeding. A combined
analysis of selected studies concluded that hazards were constant over time.8 But several
cohort studies with tighter intervals for determining the timing of transmission have reported
declining hazards as the child becomes older.4,5,9 Estimates of whether most transmission
occurs early or late depend on the instantaneous hazards and the duration of breastfeeding.

A further complexity in quantifying the magnitude of postnatal HIV transmission is that,
although breastfeeding is a biological process, it is also a cultural practice.10 What is
healthiest and what is normative do not necessarily coincide. For example, colostrum is a
fluid rich in immunologically-active components capable of protecting the newborn over the
most vulnerable period immediately after delivery. Yet in some societies, colostrum is
considered “dirty” and is discarded.11 Cultural practices that displace breastfeeding are
detrimental to both mother and infant. Non-nutritive herbal supplements deprive the infant
of essential nutrition as well as the immunologic protection afforded by milk. Inconsistent
breastfeeding predisposes women to mastitis and hastens the return to menses, increasing the
risk of post-partum anemia as well as pregnancy.12–14 Yet in some societies, introduction of
non-nutritive herbal supplements that displace breast milk is considered essential to infant
health.15

Quantifying rates of postnatal transmission have to take these cultural variations into
account. One parameter that has emerged as a strong influence on the extent of postnatal
transmission during the first few months of life is the quality of breastfeeding ascertained by
the extent of exclusive breastfeeding.9,16–18 When breastfeeding occurs without the addition
of formula, other non-human milks, non-nutritive liquids, and solids and semi-solid foods,
transmission is lower 5 than when breastfeeding is inclusive of these unnecessary
supplements.9,16–18 Estimates of postnatal transmission gathered from settings where
support of exclusive breastfeeding is lacking or in communities with poor uptake of
recommendations to breastfeed exclusively are likely to differ from settings more favorable
to exclusive breastfeeding. Almost all of these data carefully clarifying risks of transmission
under these different circumstances come from studies conducted in developing countries.

Survival and health benefits of breastfeeding
The harms of artificial feeding were brought to the attention of the international community
most strongly following the deaths that resulted when Nestle and other formula companies
began marketing their products in developing countries in the 1970s.19 Thereafter, strict
controls on marketing of formula in developing countries and public health programs
supporting breastfeeding were largely successful in re-establishing breastfeeding as the
almost universal mode of infant feeding in most developing countries in the pre-HIV era.

Kuhn and Aldrovandi Page 2

Clin Perinatol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



For example in the1980s, uptake of breastfeeding in Zambia was close to 100% with a
median duration of 24 months.20 Meantime in developed countries, as infant mortality rates
continued to decline through health service interventions and rising standards of living,
breastfeeding practices deteriorated. In 1990 in the United States (U.S.) uptake of
breastfeeding was a mere 51%.21 Moreover among the poorest sectors of wealthier
countries, breastfeeding uptake was even worse.21 As the HIV epidemic among women in
the U.S. has differentially affected impoverished minority communities, artificial feeding
was already the norm among many of the communities most affected by HIV, independent
of any recommendations. In the U.S. where racial disparities in infant health are of grave
concern, lower uptake and duration of breastfeeding among socioeconomically-
disadvantaged populations is one of the factors which account for poorer perinatal health
outcomes among African-American women.22–24

As the defining characteristic of mammalian reproduction, it is challenging to approach
study of the benefits of breastfeeding with evidence-based medicine’s reliance on the
randomized clinical trial. There are very few circumstances in which randomization of an
intimate personal behavior, widely considered to be healthiest for mothers and infants, can
be considered ethical. There are also practical constraints. Even the most persuasive
investigator faces limitations in enticing mothers and infants to obey their assigned practice.
So for obvious reasons, data demonstrating survival and health advantages of breastfeeding
largely come from epidemiological studies.

The results of epidemiological studies are remarkably consistent. Breastfeeding is a
significant protector against diarrheal disease, respiratory disease and other infections.25–28

Breastfeeding tends to result in better nutritional outcomes, including protecting against
obesity in over-fed and against wasting in under-fed populations.29–32 It has beneficial
effects on cognitive functioning and psychosocial development.33–35 This is a large body of
literature. There are reviews,25,26,36–38 and reviews of reviews,39,40 and even a rather long
report from the Agency for Healthcare Research and Quality of studies only in developing
countries.41 What is particularly striking is that the conclusions are consistent regardless of
whether the studies are from the developing or the developed world. Breastfeeding protects
infants not just in Bangladesh42 but also in Boston,43 not only in historical times44 but also
in the new millennium.45

In order to understand why artificial feeding can be recommended for HIV-infected women
in developed countries despite the known risks associated with this practice, it is important
to make the distinction between an absolute risk and a relative risk. An absolute risk is the
frequency with which an event occurs in the population e.g. an infant mortality rate might be
10 deaths per 1000 live-births. A relative risk requires a comparison. For example, we might
say an infant mortality rate is 10/1000 live-births if women breastfeed, but 20/1000 live-
births if women avoid all breastfeeding i.e. a 2-fold increased risk. The ratio of rates in the
two groups is referred to as the relative risk. Studies show that the relative risk associated
with artificial feeding is elevated in all populations, but what makes developed countries
different is that the absolute rates of morbidity and mortality are generally low. Moreover,
breastfeeding may protect against morbidity, but since most morbidity in these settings is
not fatal, arguably the benefits can be ignored.

Strengths and weaknesses of using HIV-free survival as an outcome
In the spectrum of possible benefits of breastfeeding that could be weighed against the risks
of HIV transmission, the field has tended to focus only on one, viz. the benefits of
breastfeeding for infant survival. The concept of HIV-free survival, which refers to the
absence of a combined outcome of either (1) HIV infection or (2) death prior to HIV
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infection, has emerged as a consensus outcome to evaluate strategies. The advantage of this
approach is that it reminds us that some of the strategies we might propose to prevent HIV
transmission, such as abstinence from breastfeeding or early weaning, also carry a cost in
terms of lives of uninfected infants. The disadvantage of the approach is that it counts an
HIV infection as equivalent to a death, a pessimistic approach and one which is out of date
now that pediatric HIV infection can be successfully treated. It also stacks the deck in favor
of interventions that prevent HIV transmission and neglects the range of other non-fatal, but
potentially serious, adverse outcomes associated with limiting breastfeeding.

Mechanisms by which breastfeeding protects
To appreciate the reasons for differential infant feeding recommendations in different
circumstances, it is helpful to consider the potential mechanisms whereby breastfeeding
protects infants’ health. For heuristic purposes, we separate the biological basis for the
benefits of breastfeeding into three overarching mechanisms (Figure 1). (1) Contamination
i.e. artificial feeding places the infant at risk through introducing environmental
contaminants and creating a less hygienic feeding method. (2) Poor nutrition i.e. abstinence
from breastfeeding could compromise an infant’s nutritional status if formula is not mixed
correctly or not given in appropriate quantities. (3) Absence of immune protection.

Contamination
It is perhaps no surprise that studies have shown that it is extremely difficult for women to
prepare formula hygienically in resource-poor settings.46,47 In a study conducted in
KwaZulu-Natal, South Africa, about 80% of formula mothers prepared at home after
instructions from the counselors were contaminated with fecal bacteria.48 It is interesting
that about 20% of the samples that the counselors prepared at the clinic while showing the
mothers how to do everything correctly were also contaminated.48 The dramatic epidemic of
diarrhea-related deaths that occurred in Botswana among formula-fed infants after severe
flooding affected urban areas is another clear example of the dangers of contaminated water.
49–51 Contaminated water is clearly a major threat to child health and the provision of a
sustained supply of adequate clean water at the point of use in the household is clearly a
major priority for public health.52 But is it enough?

Infant formula is not the only source of exposure to pathogens, especially in contaminated
environments. Despite their parent’s best efforts, children do not live in aseptic
environments. They explore their world with their hands and mouths. Breast milk has
evolved to protect children from these pathogens. Diarrhea morbidity and mortality are
significantly reduced even when breastfeeding is not exclusive53 and even in young children
when consuming relatively small quantity of breast milk.54 It is also interesting that
breastfeeding reduces the risk of respiratory illness, an outcome where contaminated water
plays little to no role.42,43,55,56 Breastfeeding also protects against severe infectious disease
in settings with a predominantly safe water supply.28,43,45

An exemplary demonstration of the multi-factorial source of breastfeeding’s benefits came
from an interesting confluence of circumstances in a clinical study in rural Kenya. As part of
an evaluation of the effects of extending antiretroviral therapy during lactation on reduction
in postnatal HIV transmission, HIV-infected women were encouraged to stop all
breastfeeding by 6 months (the duration of the antiretroviral therapy). Elevated diarrhea
morbidity was noted coincident with weaning and the study was temporarily suspended
while the investigators considered what to do.57 The investigators elected to introduce a
state-of-the-art home water quality improvement program that had been found to be
effective in other settings. Interestingly, when they introduced this intervention, it reduced
diarrhea among breastfed infants but had no effect on weaning-related diarrhea.58
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Contamination plays a role in exaggerating the risks of artificial feeding59 but clean water is
insufficient to mitigate artificial feeding’s risks.

Poor nutrition
Infant formula is specifically developed to mirror the nutritional composition of breast milk
as closely as possible but falls short in several respects. Breast milk is exquisitely regulated
such that the content varies from the beginning to the end of the feed so that a child can be
most quickly satiated even with a short feed but can continue to feed for comfort and not
become overfed on longer feeds.60 The composition of human milk also varies based on the
amount the child consumes and over time being regulated to adapt to the unique needs of a
specific child.61 This individualization cannot be achieved with formula but if given in
correct volumes and frequencies should be nutritionally adequate. The primary concern
related to poor nutrition of formula-fed infants is incorrect mixing and over-dilution. A
related, health systems concern is sustained supply and the problem of stock-outs.

In situations of scarcity, infant formula is usually perceived as “valuable” or “precious” by
members of the community. In most developing countries, the costs of formula make it
prohibitive for all but a small minority unless it subsidized or provided free by the health
service. Provision of free or subsidized formula poses complex ethical challenges.62,63

Qualitative research has highlighted the coercive dynamics of free formula and there are
several examples of confusion and misinformation that may result in sub-optimal practices.
47,64–67 For example, in a study of three sites in South Africa, a surprising pattern was noted
of inadequate use of the formula that was being provided by the health service. Mothers
were not giving their infants formula in sufficient quantities. Rather they were avoiding
breastfeeding, were giving some formula and were also providing a substantial proportion of
the infants’ diet with nutritionally inadequate foods and liquids.68 Audits of the South
African national formula program have noted serious gaps in supply to both urban and rural
clinics.69 Population mobility introduces further complications for sustained access.

Absence of immune protection
During pregnancy, maternal antibodies are transported across the placenta to protect the
infant whose immune system is not fully mature at the time of birth. We refer to this process
as “passive immunity” as the child is reliant on the mothers’ antibodies. This process
continues during breastfeeding.70,71 Other than antibodies, breast milk contains many
immunomodulatory components that bolster the child’s immune system and protect against
disease.38,70,71 The recent introduction of long chain fatty acids and probiotics into infant
formula demonstrates the awareness that formula companies have of the deficiencies of their
product.72–74 We might have expected because HIV has so many immunologic effects that
the quality of breast milk might be compromised. However, a study from Botswana showed
that HIV-infected and uninfected women had similar quantities of the immunologic
components that they measured.75

Dangers of extrapolating from clinical studies
Several factors combine to create the beneficial effects of breastfeeding. Theoretically, a
strong public health program may be able to minimize risks of environmental contamination
and poor nutrition associated with artificial feeding but can do nothing to mitigate the risks
conferred by the absence of the immunologically-active components of breast milk. The fact
that breastfeeding continues to confer benefits to infant health even in developed countries
like U.S. and the United Kingdom43,45 suggests that there is a biological threshold below
which it is not possible to go even with the strongest programs.
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Caution is required in extrapolating results on the risks of artificial feeding from clinical
studies (Figure 2). In most clinical studies, participants are highly motivated, receive the
best possible educational interventions and are provided with close monitoring and a health
service safety set. Yet even in this protected environment, only one study in Nairobi, Kenya
has been able to demonstrate a net benefit for HIV-free survival of artificial feeding.3 The
study’s strict inclusion criteria limit its relevance to the majority of HIV-infected. In a
somewhat more generalizable, but otherwise, as-thoroughly supervised and monitored
population in Botswana, HIV-exposed, uninfected infants randomized to infant formula
from birth had a 2-fold increase in mortality compared to those randomized to breastfeeding.
76 These results are to be contrasted with reports from programs in Uganda where infant
mortality was increased more than 6-fold among women who chose formula feeding.77,78

Thus, under the best-case scenario, when infant formula is provided under carefully-
monitored conditions, with adequate access to medical care and sufficient education and
support and with optimal selection of women considered to have adequate personal
resources to safely formula feed, the mortality risks of artificial feeding are about 2-fold. In
programmatic settings, the risks of death are much greater.

Learning from history
Current international guidelines for the general population recommend that breast milk alone
be given for the first 6 months of the child’s life (exclusive breastfeeding) and that
complementary foods be introduced around 6 months of age with continued breastfeeding to
24 months or longer.79 The word “complementary” is preferred since it refers to foods given
to complement the nutrients in and immunologic and other components of breast milk. The
word “replacement” food is usually used to refer to foods given to replace breast milk in a
non-breastfed child.80 Between 6 and 24 months, the proportion of nutrients a young child
receives from breast milk gradually declines, while the proportion the child receives from
breast milk substitutes and complementary foods gradually increases. Thus “weaning”
extends over a period of a year or more. We refer to a child as being fully weaned once no
breast milk is given at all and the child is fully supported on non-breast milk foods and
liquids. This pattern of breastfeeding extending into the second year of life is well-
established to be the healthiest for infants in low resource settings79 and is recommended for
the general population in developed countries as well.

Over the past 10 years, complex advice given to HIV-infected women in developing
countries has led to shifts away from breastfeeding and to generally shorter durations of
breastfeeding than usual in these communities. A dubious positive upshot of these changes
is that they introduce greater heterogeneity into infant feeding practices than usually
observed allowing for epidemiologic analysis of the effects of these behavioral shifts.81 One
group who initially theorized that shifts away from breastfeeding simply to avoid HIV
would not result in adverse health outcomes,82 observed in their own program, substantial
elevations in mortality among women who elected not to breastfeed.77 This is consistent
with what has been observed in other programs which even after the benefits of HIV
prevention are taken into account observed either worse or, at best, no benefit of artificial
feeding.77,78,83–85

Four separate cohorts (two in Malawi, one in Kenya and one in Uganda), all recommending
to women enrolled in their trials to wean early, reported elevated morbidity and mortality
associated with diarrheal disease around the time of weaning (Table 1).57,86–88 All of these
studies included close monitoring and follow-up, and education/counseling which was
expected by the investigators to make early weaning safe. Two of the studies were
interrupted by their Data Safety and Monitoring Boards who noticed the elevations in
morbidity after weaning. Subsequent comparisons with historical cohorts at the same sites
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revealed worse outcomes in the more recent eras89,90 which is surprising as access to
antiretroviral therapy and prophylaxis as well as other child-related services had mostly
improved over time. Epidemiologic analyses of mortality among breastfed and non-
breastfed infants and young children between birth and 24 months in two trials in Malawi
revealed that breastfeeding was associated with a 2.9-fold lower risk of mortality among
exposed-uninfected infants after adjustment for confounders.91

The observational data are consistent with the findings from our trial in Zambia in which
women were randomized to either stop breastfeeding at 4 months or to continue
breastfeeding for their own preferred duration. Women in the intervention group were
provided with infant formula and a specially-developed, fortified weaning cereal for their
infants. Since the cereal required cooking, contamination of the water source would,
theoretically, be less of a concern. Infants from both groups were weighed regularly and
were provided with food supplements if there was any evidence of failure to thrive. Children
in both groups also received cotrimoxazole as well as routine childhood interventions
(vaccines, vitamin A etc.). Counseling and education, including about safe water and
hygiene, was intensive and monitoring and follow-up was close.92 Since early weaning was
not well accepted by the study population, we have analyzed the effects of non-compliance.
Infants born to women who adhered to their assignment to the early weaning group and
weaned early as instructed, had worse outcomes than those whose mothers ignored their
random assignment and continued breastfeeding; as did infants born to women who refused
to adhere to their assignment to the control group and weaned early.93 Benefits of
breastfeeding on infant and young child survival persisted into the second year of life to
around 18 months.94 Benefits of continued breastfeeding were also observed for child
growth95 and for diarrheal morbidity and mortality.96

Special needs of HIV-infected children
HIV-infected children who are formula-fed or who are weaned off breast milk early are at
high risk of dying prematurely.76,91,92 The decision to formula feed is usually made during
pregnancy or soon after delivery. At that time the infant’s HIV status, even in the most well-
organized programs, is unknown and remains unknown for weeks. HIV testing is rarely
done at birth and, when done at 6 weeks, results are usually not available for 2 weeks. Early
infant testing programs have been difficult to establish for multiple reasons and even when
the laboratory capacity is in place, tend to identify only a small proportion of HIV-infected
children. Once identified as HIV-infected, there are also major logistic challenges and
delays in entering pediatric HIV care and treatment programs. Rapid progression of HIV
infection in infants means that delays in identifying children and delays in starting therapy
can lead to death.97 Thus any means of slowing the progression of HIV infection is
particularly important for HIV-infected infants if they are to benefit from antiretroviral
therapy.

Can the risks of artificial feeding be justified?
The increased risks of mortality among HIV-exposed uninfected infants due to artificial
feeding might be justifiable if a net benefit in terms of HIV-free survival could be
accomplished. However, other than in the original study in Nairobi, Kenya,3 in which no
antiretroviral prophylaxis or treatment was available, this is not what has been found (Table
1). In the clinical trial in Botswana, mentioned above, there was no net benefit of artificial
feeding on HIV-free survival. The reduced risk of HIV transmission as a result of formula
feeding was outweighed by the increased risk of mortality among uninfected children.76 Nor
was there a net benefit for HIV-free survival of artificial feeding from birth vs. short
breastfeeding in a study in Cote d’Ivoire.98 At best, artificial feeding results in no
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improvements in health status. When implemented under real-world conditions, HIV-free
survival has generally been worse, as shown in programs from South Africa and Uganda.
77,99 For example, in an evaluation of the South African national program, women’s infant
feeding choices bore little relation to their living circumstances. For women who lived in
two of the poorer urban and rural sites, both HIV infection and death was increased among
women who opted for formula feeding.99

For early weaning, the net benefit for HIV prevention is less. The older the child when all
breastfeeding ends, the less there is to gain. In essence, the horse is already out of the barn.
Because there is less to gain by early weaning, the risks take on greater weight. Even a small
increase in mortality can offset a small benefit of HIV prevented. In the primary intent-to-
treat analysis of our trial in Lusaka, Zambia, we reported no benefit of cessation of
breastfeeding at 4 months for the combined outcome of HIV infection or death (HIV-free
survival) compared to standard practice of breastfeeding ad lib.92 Further analysis of the
actual practices of the study population revealed that the magnitude of benefit (i.e. the
amount of HIV prevented) was almost the same as the magnitude of the harm (i.e. the
numbers of deaths caused in the population overall).93 Overall in the study population, a
woman who stopped breastfeeding by 5 months added a HIV transmission rate of 1.1% after
4 months and a mortality rate among the uninfected children of 17.4%. A woman who
continued breastfeeding for 18 months added a transmission rate of 11.2% of late postnatal
transmission and a mortality rate of 9.7%93 (Figure 3).

These data are in the absence of either maternal antiretroviral treatment or extended
antiretroviral regimens that continue during breastfeeding. As these interventions reduce
postnatal transmission considerably, we can extrapolate from these results that the
magnitude of mortality caused by artificial feeding will be larger than the magnitude of HIV
transmission prevented. In our trial, among women who were not yet at an advanced enough
disease stage to require antiretroviral therapy for their own health, stopping breastfeeding at
4 months led to a 3-fold increase in the combined outcome of HIV infection or death
occurring between 4–24 months.93

Better ways to prevent HIV transmission
There have been important scientific breakthroughs in recent years informing us how best to
use antiretroviral drugs during the breastfeeding period.100 It is helpful to make the
distinction between using antiretroviral drugs primarily to treat maternal HIV infection and
improve the health of the mother (therapeutic regimens), with prevention of transmission as
a beneficial side effect vs. using antiretroviral drugs primarily for preventing transmission
(prophylaxis regimens to either mother or child). The new WHO guidelines that expand
treatment criteria to include all pregnant women with CD4 counts <350 cells/mm3 101 go a
long way to also reduce postnatal transmission. Programs that have proactively initiated
treatment among pregnant women with low CD4 counts have also consistently reported low
rates of postnatal transmission as well.102 This is even in the absence of providing
additional interventions for women and/or infants born to women with higher CD4 counts.
This is because, like morbidity in the mother, transmission is strongly concentrated in
women with low CD4 counts.103 Studies in Mozambique, Tanzania, Kenya, Botswana and
Cote D’Ivoire have all observed low rates (<5%) of HIV transmission (via all routes
combined i.e. intrauterine, intrapartum and postpartum) among breastfeeding women
receiving therapeutic regimens initiated during pregnancy and then continued thereafter.
83,102,104–109 For women who meet clinical criteria, treatment has to continue indefinitely
and thus can protect the infant throughout the course of breastfeeding.
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For women who do not require therapy for their own health, some of the short-course
regimens currently recommended for prophylaxis, including single-dose nevirapine and
nevirapine combined with short-course zidovudine, appear to reduce the risk of early
postnatal transmission during the first weeks of life.110 In addition, three clinical trials, one
multi-country study in Ethiopia, Uganda and India111, and two in Malawi112,113 have
demonstrated that extended infant prophylaxis with nevirapine can significantly reduce
postnatal HIV transmission. Lamivudine given to the infant during breastfeeding also
appears to reduce transmission114 but zidovudine does not.76 In the first nevirapine study,
prophylaxis was continued for only 6 weeks, in the second for only 14 weeks, and in the
third for 24 weeks. Benefits were observed while prophylaxis was given and stopped once
the drug was withdrawn.115 With the wisdom of hindsight we can see that the decisions to
evaluate only short periods of extended prophylaxis rather than periods extending over a
normal duration of breastfeeding were unfortunate. It has thus been necessary to extrapolate
the results of these clinical trials to longer durations of use given the now well-appreciated
dangers of early weaning. Fortunately, toxicity does not appear to be cumulative but the
adherence and programmatic challenges of long term prophylaxis will need to be
investigated.

Individualizing community risks
For the time being, advice given to HIV-infected women in developing countries regarding
infant feeding differs from that given to HIV-infected women in developed countries. The
prime reason for this difference is to protect the health of exposed-uninfected infants in
developing countries who are at high risk of morbidity and mortality if not breastfed. Less
attention has been given to discussion of the infant feeding policies for HIV-infected women
in developed countries, in part, because background rates of mortality are low and in part
because the numbers of women and infants affected is so much lower. Nevertheless, it is
interesting, that debates around this issue in the developing world may be beginning to
spillover to developed countries. With growing appreciation of the effectiveness of
antiretrovirals, some have argued for less zealous promotion of artificial feeding for HIV-
infected women in developed countries.116 A more complex issue is the heterogeneity of
socioeconomic status between the many countries which fall within the general category of
“developing” and the heterogeneity within developing countries. Previous WHO guidelines
attempted to individualize choice, introducing the concept that artificial feeding should be
recommended when women met certain personal criteria making artificial feeding
affordable, feasible, acceptable, sustainable and safe (AFASS).117,118 These attempts have
largely failed in practice66,67,69 and programs continue to struggle with how to support
individual freedoms without compromising the health of infants. New WHO guidelines
attempt to bring greater attention to community-level parameters, including background
rates of infectious diseases and the adequacy of child health services in making
recommendations for infant feeding practices.119

Conclusions
The gross economic inequalities between the developed and the developing world create
global inequities in health status that are ethically unacceptable and should be tackled at
every level. However, the unreflective desire to simply enforce the same programs in vastly
different circumstances does nothing to address these inequalities and has been shown in the
field of infant feeding and HIV to do considerable harm. Antiretroviral drugs markedly
reduce all forms of mother-to-child HIV transmission, and culturally-appropriate counseling
programs can improve the quality of breastfeeding and thereby reduce HIV transmission and
improve child survival. Therefore, the time has come to implement these programs in the
developing countries where they are most needed. Effective use of antiretroviral drugs can
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now reduce transmission to such low levels that there are few circumstances in developing
countries where artificial feeding can be justified.
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Figure 1.
Theoretical mechanisms by which artificial feeding increases the risk of infant and young
child death.
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Figure 2.
The magnitude of adverse effects of artificial feeding differs across settings. In this example,
effects were stronger in a program in rural Uganda than in a clinical trial in urban Botswana.
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Figure 3.
Benefits of early weaning for HIV prevention are counter-balanced by risks of uninfected
mortality in resource-poor countries. Hence there is no benefit for HIV-free survival of early
weaning in such settings [93]
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Table 1

Studies on the effects of artificial feeding on HIV transmission and mortality among infants born to HIV-
infected mothers in developing countries.

Study design Comparisons Uninfected or all cause
child mortality/
morbidity

HIV-free survival

Randomized Trials

Nairobi, Kenya3 Randomized trial (n=401) BF vs. FF from
birth

Trend towards higher 2-
year mortality 24%) in
FF than in BF (20%)
group

Net benefit in FF
group

Botswana (MASHI)76 Randomized trial (n=1200) BF for 6 months vs.
FF

Significantly higher
mortality at 7 months in
FF (9.3%) vs. BF (4.9%)

No net benefit of FF

Lusaka, Zambia (ZEBS)92–94 Randomized trial (n=958) 16 months of BF
vs. early weaning at
4 months

2 to 4-fold increase in
uninfected child
mortality due to
weaning

No net benefit of
early weaning

Historical controls

Kampala, Uganda88,90 Observations during a trial vs.
previous study (n=1307)

BF then weaning at
median 4 months
vs. median 9
months

Peak of diarrhea post-
weaning. Trend towards
higher diarrhea-related
and all cause mortality
in cohort encouraged to
wean earlier

Not reported

Malawi86,89 Comparison to prior trial with
longer BF (n=3845)

BF > 24 months vs.
weaning ~6 months

Significantly higher rate
of diarrhea-related
morbidity and mortality
and all cause mortality
in cohort encouraged to
wean at 6 months

Not reported

Kisumu, Kenya57,58 Comparison to prior study with
longer BF (n=491)

Wean at 6 months
vs. BF ad lib

Significantly higher rate
of diarrhea
hospitalizations post-
weaning Water safety
intervention ineffective

Not reported

Epidemiologic studies

South Africa99 Program evaluation BF vs. FF adjusted
for socioeconomic
factors

Both BF and FF had
higher rates of adverse
outcomes if poor
socioeconomic status
relative to FF and good
socioeconomic status

No net benefit of FF
if poor
socioeconomic status

Cote D’Ivoire98 Self-selected feeding choice
(n=557)

Exclusive BF plus
early weaning at 4
months vs. FF

No increase in mortality
or morbidity in either
group

No net benefit of FF

Malawi91 Combined studies (n=2000) Multivariate
analysis of actual
feeding practices

Significant reduction
(hazard ratio=0.44) in
mortality if breastfed
both infected &
uninfected children)

Not reported

Rakai, Uganda77 Program evaluation (n=182) BF vs. FF 6-fold increase in
mortality if FF

Non-significant trend
to worse outcomes if
FF

Rwanda83 Self-selected feeding choice
(n=532)

BF then early
weaning at 6
months or FF

Non-significant trend
towards higher mortality
in FF (5.6%) than BF
(3.3%)

No net benefit of FF
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Study design Comparisons Uninfected or all cause
child mortality/
morbidity

HIV-free survival

Pune, India85 Program evaluation (n=148) BF vs. FF Significantly elevated
risks of hospitalization if
FF

Not reported.

Rural Uganda78 Self-selected feeding practices
(n=109)

Wean before 6
months vs. wean
after 6 months

6-fold increase in death
if wean before 6 months

Not reported

Western Kenya84 Self-selected feeding practices
(n=2477 but high drop-out)

BF with weaning at
3–4 months vs. FF

Not reported No net benefit of FF

Botswana49,51 Public Health outbreak
investigation in emergency
rooms after severe floods

BF vs. not BF 25-fold increase in
diarrhea deaths if not
breastfed

Not reported

*
Any duration breastfeeding (BF), formula feeding from birth (FF)
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