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HIV-1 (subsequently referred to as HIV) infection may be transmitted to
the infant during breast-feeding. The risk of transmission varies with stage
of maternal infection, duration of breast-feeding, type of breast-feeding
(i.e. exclusive or mixed breast-feeding), and breast pathology. Recent
studies support the findings of a meta-analysis (Dunn et al. 1992) and indi-
cate that when breast-feeding is practised for over 2 years, the risk of
infection is about 14 %. Shorter durations of breast-feeding may therefore
minimize the risk of transmission. Although the risk of infection appears
to be greatest in the first 6 months this risk needs to be weighed against the
excess risk of morbidity and mortality if children are not breast-fed in the
first 6 months. In resource-poor settings any policy decision to replace
breast-feeding with formula feeding in order to prevent postnatal HIV
transmission needs to be balanced against the risks to the infant of malnu-
trition, morbidity and death if not breast-fed. New information suggests
that exclusive breast-feeding, instead of the norm of mixed breast-feeding,
may not increase risk of HIV transmission at 6 months and suggests that
exclusive breast-feeding with early cessation may be a viable option for
some women. The present review suggests options for reducing risk of
HIV transmission through breast-feeding. Finally, current knowledge
points to the dangers of large-scale replacement feeding programmes in
contexts where women will have low education, poor access to water and
health services, and strong cultural pressures to breast-feed. Emphasising
replacement feeding in these contexts may fuel the mixed breast-feeding
practice for mothers who will have no other choice than breast-feeding,
yet will try to follow the recommendations applied to replacement feed.
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Introduction

It is estimated that over 34 million individuals are living with HIV and AIDS and that an esti-
mated 18·8 million individuals around the world have already lost their lives to the disease.
Some 95 % of HIV-infected individuals live in developing countries, most of them in sub-
Saharan Africa. Ironically, these same countries, which bear the brunt of the HIV epidemic, are
also the countries which are identified by the World Bank as heavily indebted poor countries
(UNAIDS, 2000). A large proportion of the HIV and AIDS burden is borne by women of repro-
ductive age. Antenatal clinics are usually used as the sentinel sites for tracking the epidemic;
information from sub-Saharan Africa reveals high prevalences of pregnant women infected
with HIV (range 15–40 %). The risk of the infant being infected varies, and even for those chil-
dren who escape perinatal infection, survival rates may decrease because of the loss of one or
both parents to AIDS. In 1999 alone, an estimated 590 000 children throughout the world
became infected with HIV, of which over 90 % were perinatally infected. More than 90 % of
these HIV infections occurred in sub-Saharan Africa. Perhaps the saddest thing about the HIV
epidemic is the dual burden that women must bear. Not only are they at increased risk of HIV
infection because of their status and limited freedom (from sexual violence, poor education,
poverty and dependence on men), but they must also bear the anguish of the possibility of
transmitting the virus to their infants. The thought of transmitting the virus through breast-
feeding is especially difficult to cope with, as breast-feeding is an integral part of a woman’s
motherhood. The present review will examine the risks associated with breast-feeding, methods
of minimizing the risk, policy implications and research issues.

Background information on mother-to-child transmission of HIV

The present review will only consider transmission of HIV-1 (subsequently referred to as HIV),
as mother-to-child transmission (MTCT) of HIV-2, through any route, is rare (Andreasson et al.
1993). HIV may be transmitted from mother-to-child by the following methods.

In utero transmission

It is estimated that about 7 % of infants are infected in this way. A positive HIV polymerase
chain reaction (PCR) test within 48 h of delivery is indicative of in utero infection.

Intra-partum transmission

It is estimated that about 13 % of infants, vaginally delivered to mothers not on antiretroviral
(ARV) treatment, are infected in this way. A negative PCR test within 48 h and positive HIV
PCR test up to 6 weeks later is indicative of intra-partum transmission. In utero and intra-
partum transmission can be substantially reduced by the use of ARV and elective Caesarean
deliveries. The industrialized countries with sufficient funds, availability of personnel and good
health services can provide both ARV and elective Caesarian sections for HIV-infected women.
These strategies have proved to be so effective that transmission rates in the USA and Europe
are now reported to be down to about 5–6 % (Mofenson & McIntyre, 2000). Developing coun-
tries do not, however, have access to these strategies and the most promising strategy which
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may be affordable is the use of nevirapine, first tested in Uganda and shown to have an efficacy
of about 50 % (Guay et al. 1999). This regimen has recently been tested in South Africa as
well, and has been reported to be as effective (Moodley, 2000). 

Post-partum transmission through breast-feeding

A small amount of breast-feeding transmission may also be contributing to the intra-partum
transmission, but it is very difficult to distinguish breast-feeding transmission from that which
occurs during the delivery process. It is generally accepted that transmission after 6 weeks is
attributed to breast-feeding.

Evidence for breast-feeding transmission and attempts to quantify the risk

Transmission of HIV through breast-feeding was first described in women newly infected after
delivery through blood transfusion or heterosexual exposure (Ziegler et al. 1985; Van de Perre
et al. 1991). It has since been well documented that HIV may be transmitted through breast-
feeding. A meta-analysis by Dunn et al. (1992) estimated that breast-feeding by women with
established infection may increase the rate of transmission by 14 % (95 % CI 7, 22). The risk of
transmission increases for the mother with a newly-acquired infection in the breast-feeding
period; estimated to be 29 % (95 % CI 16, 42). In individual studies, late seroconversions in
breast-fed children have been reported (Datta et al. 1992; Lepage et al. 1992; Bulterys et al.
1995; Bertolli et al. 1996; Ekpini et al. 1997; Karlsson et al. 1997). Some early published stud-
ies have also shown that breast-feeding compared with formula feeding (never exposed to
breast-feeding) is associated with an increased risk for HIV transmission (De Martino, 1994;
Bobat et al. 1997). 

Using observational studies, the risk of postnatal transmission, including both early and
late postnatal transmission of HIV, can only be reliably estimated using data from large
prospective studies with frequent laboratory follow-up of children born to HIV-infected moth-
ers, where postnatal transmission can be distinguished from intrauterine and intra-partum trans-
mission by the use of frequent PCR tests. Most of the early studies comparing breast-feeding
with formula feeding did not have early PCR testing to distinguish postnatal from intrauterine
and intra-partum transmission, and so are not as useful. A further limitation of earlier studies
was that sample sizes were small and the two infant feeding groups were very uneven in size. 

Recently the results of three studies have been published in which both groups have at least
100 women. Two were observational studies (Tess et al. 1998; Coutsoudis et al. 2001); only
one of which collected feeding information prospectively (Coutsoudis et al. 2001) and one was
a randomized controlled trial (RCT; Nduati et al. 2000a). HIV infection results from these three
trials are summarized in Table 1.

The study by Tess et al. (1998) was conducted in Brazil and HIV infection status was
determined by ELISA at 18 months, no PCR tests were done and, therefore, the proportion of
post-partum transmission is not known. The study shows, however, the increased risk of trans-
mission related to breast-feeding. HIV infection was detected in 21 % of breast-fed infants
compared with 13 % of formula-fed infants. The absolute rates of infection in both groups were
lower than usual, presumably because of the nature of the study; only infants surviving and
remaining in follow-up to 18 months or those under 18 months with obvious clinical signs
of infection would be available for classification of HIV status. Of 553 children originally
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followed, infection status was only available for 434 children. The absolute risk of breast-feed-
ing transmission compared with formula feeding was 8 % at 18 months. This risk level was
probably lower than expected because, as already mentioned, no early PCR testing was done
and also the duration of breast-feeding was very low (median duration 30 d). 

The study from South Africa (Coutsoudis et al. 2001) was an observational study in which
feeding data were collected at 1 week, 6 weeks and 3 months after delivery, and thereafter 3-
monthly until 15 months of age. At each of these visits blood samples were available for PCR
testing for HIV. Included in the study were 394 infants who were breast-fed and 157 infants
who were formula-fed. At 15 months of age 31·6 % of breast-fed infants were HIV-infected
compared with 19·4 % in the formula-fed group, representing an excess absolute risk of HIV
transmission through breast-feeding of 12·2 % after 15 months. The median duration of breast-
feeding was 6 months; the probability of still breast-feeding at 12 months was 27 %. 

The Kenyan RCT (Nduati et al. 2000a), using an intent to treat analysis, showed that at
24 months of age, 36·7 % of breast-fed infants were infected compared with 20·5 % of the
formula-fed infants, representing an excess absolute risk of HIV transmission of 16·2 % after
24 months. The median duration of breast-feeding was 17 months. 

The South African (Coutsoudis et al. 2001) and Kenyan (Nduati et al. 2000a) study results
confirm the results of the early 1992 meta-analysis (Dunn et al. 1992) of approximately 14 %
breast-feeding transmission over 2 years of breast-feeding. This value will obviously vary
according to duration and type of breast-feeding practice, which will be discussed later (see
pp. 195–197). 

Some important points have emerged from the Kenyan RCT (Nduati et al. 2000a), and
these points need to be highlighted as they shed some light on the dilemma facing HIV-infected
women. The trial has shown that to examine infant feeding and its effect on postnatal transmis-
sion, an RCT may not be the best study design because of the difficulty with randomizing
behaviours. In the formula-feeding arm 30 % of women reported also breast-feeding, and if one
examines the accumulation of new infections in this group (see Table 1) it suggests that poss-
ibly up to 60 % of women were in fact breast-feeding as well as giving formula. The results of
this study have underscored the importance of balancing risks when HIV-infected women make
decisions on infant feeding. In the formula-feeding group, who relative to most other women in
Africa were well-off, had access to clean water, free formula and frequent support of health
workers, the risk of HIV infection appears to have been surpassed by the risk of morbidity and

194 A. Coutsoudis

Table 1. Mother-to-child transmission rates (%) for HIV-1 in breast-fed and formula-fed infants*

Age of infants

Mode of 6 3 6 15–18 24 
Study feeding n 1 d weeks months months months months

Brazil Breast-fed 168 21
(Tess et al. Formula-fed 264 13
1998)

South Africa Breast-fed 157 6·9 24·2 31·6
(Coutsoudis Formula-fed 394 7·6 19·4 19·4
et al. 2001)

Kenya
(Nduati et al. Breast-fed 191 7·0 19·9 24·5 28·0 36·7
2000a) Formula-fed 193 3·1 9·7 13·2 15·9 20·5

*Breast-fed infants were predominantly mixed breast-fed; formula-fed infants were never breast-fed. Results
are from studies with at least 100 infants per group.
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mortality from other infectious diseases. During the first 3 months of life, infants in the
formula-fed arm had an increased risk of diarrhoea (relative risk 2·7, 95 % CI 1·6, 4·6), dehy-
dration (relative risk 11·9, 95 % CI 1·6, 91·8), and upper respiratory infections (relative risk
1·3, 95 % CI 1·1, 1·7; Mbori-Ngacha et al. 2000). Similarly, the cumulative mortality at 6
weeks and 3 months was higher in the formula-fed group compared with the breast-fed group
(3·9 % v. 1·0 % at 6 weeks and 6·4 % v. 4·1 % at 3 months). In the first 3 months this increased
morbidity and mortality was most obvious in the uninfected formula-fed infants. Similarly,
mortality in the first 6 months of life for infants not infected with HIV was highest in formula-
fed babies (5 %) compared with breast-fed babies (0·8 %). This study therefore suggests that
serious consideration needs to be given to the wisdom of replacement feeding in developing
countries. 

Breast-milk transmission of HIV according to specific breast-feeding pattern

Most studies attempting to document the risk of MTCT transmission of HIV attributable to
breast-feeding have made no attempt to define the pattern of breast-feeding. Just as it is impor-
tant to specify the duration of breast-feeding when assigning risk, so too is it important to spec-
ify the type of breast-feeding that is being practised. In most studies insufficient information
has been collected in order to classify infants as exclusively breast-fed. Many researchers have
used arbitrary definitions of exclusive breast-feeding and not the accepted World Health
Organization (1991) definition, which defines exclusive breast-feeding as breast milk only, with
no other solids or liquids. Researchers commonly have allowed consumption of waters, teas
and other non-milk liquids or solids in their definition of exclusive breast-feeding (Bobat et al.
1997). Three studies have attempted to classify infants according to breast-feeding pattern. The
first study, a South African study (Bobat et al. 1997), as already mentioned, used a definition of
exclusive breast-feeding which allowed the infant to receive cereals and any other non-milk liq-
uids, provided that no artificial milk was given concurrently with breast milk. The 18-month
results of this study showed that, using their definition, 39 % of infants who received only
breast milk were infected compared with 34 % in those receiving breast milk and formula; as
expected the difference was not significant. However, the risk compared with formula feeding
in the two breast-feeding groups was much higher presumably because the majority of infants
were not exclusively breast-fed. 

The second study which was conducted in Brazil by Tess et al. (1998) found that infants who
were breast-fed exclusively had a lower risk of HIV transmission. This study used the correct
World Health Organization (1991) definition of exclusive breast-feeding; however, a limitation of
this study was that feeding data were collected retrospectively (at least 18 months after birth). 

The third study, also a South African study (Coutsoudis et al. 2001), included HIV-infected
pregnant women participating in a RCT of Vitamin A (Coutsoudis et al. 1999). Women received
counselling antenatally according to the Joint United Nations Programme on HIV/AIDS (2000)
guidelines and chose to either breast-feed or formula-feed. Those women who chose to breast-
feed were encouraged to practise exclusive breast-feeding as a possible way of reducing risk of
HIV infection. Of the 551 mother–baby pairs included in the study, 157 (28·5 %) were never
breast-fed and 394 (71·5 %) were ever breast-fed (median duration of all breast-feeding was 6
months and that of exclusive breast-feeding was 3 weeks). Ever breast-feeders were separated
into 118 women who exclusively breast-fed to � 3 months and 276 women who mixed breast-
fed. The three feeding groups did not differ in any risk factors for MTCT and the probability of
detecting HIV at birth was similar. The women in the three groups were similar in terms of all
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the possible risk factors for MTCT of HIV (i.e. viral load, CD4, mode of delivery, prolonged
rupture of membranes and preterm delivery). However, two of the risk factors (low serum retinol
and positive syphilis test) were higher in the breast-fed group, but this result would therefore
favour the formula-fed group to have a lower transmission risk. At birth, transmission rates in
the never, exclusive and mixed breast-feeding groups were similar: 0·076 (95 % CI 0·042,
0·125)/100 among never breast-feeders; 0·068 (95 % CI 0·032, 0·123)/100 among exclusive
breast-feeders; and 0·069 (95 % CI 0·043, 0·103)/100 among mixed breast-feeders. The cumula-
tive probabilities of HIV infection remained similar among never and exclusive breast-feeders
up to 6 months: 0·194 (95 % CI 0·136, 0·260) and 0·194 (95 % CI 0·125, 0·274) respectively,
whereas the probabilities among mixed breast-feeders soon surpassed both groups reaching
0·261 (95 % CI 0·205, 0·319) by 6 months. New infections were detected among previously
exclusively breast-fed infants following cessation of all exclusive breast-feeding by 6 months.
However, by 15 months the cumulative probability of HIV infection remained lower among
those who exclusively breast-fed �3 months (0·247 (95 % CI 0·160, 0·344)) than among other
breast-feeders (0·359 (95 % CI 0·267, 0·451)). In a time-dependent Cox model, exclusive breast-
feeding carried a significantly lower risk of HIV transmission than mixed feeding (hazard ratio
0·56 (95 % CI 0·32, 0·98)) and a similar risk to never breast-feeding (hazard ratio 1·19 (95 % CI
0·63, 2·22)). Infant morbidity and pre-HIV infection did not explain change from exclusive to
mixed breast-feeding (Coutsoudis et al. 2001). The results from this study suggest very strongly
that the vertical transmission of HIV through breast milk is dependent on the pattern of breast-
feeding and not simply on breast-feeding per se. A limitation of this study was the difficulty in
being able to measure adherence to the reported feeding practice. The strongest evidence the
authors suggest for women adhering to the feeding pattern reported is the fact that in the for-
mula-fed group there were only two new infections after 6 weeks; one was in a child tested for
the first time at 4 months. In addition, infants in the exclusively breast-fed groups began acquir-
ing infection after 6 months once all exclusive breast-feeding had ceased. Measuring adherence
will always be difficult; however, in future studies frequent monitoring (at least weekly) may
help to improve the validity of the maternal recall.

Preliminary results from a recent study in Kisumu, Kenya (Taren et al. 2000) also seem to
indicate that introduction of other solids and liquids during the early months of breast-feeding
is a risk factor for breast-milk transmission. Their study included a sample of 220 HIV-infected
mothers whose infants were not HIV-positive on their first PCR test, and showed that the inci-
dence rate of HIV infections was greater (P<0·07) for infants who started mixed feeding before
30 d compared with infants who started mixed feedings after 30 d. Similarly, incidence of HIV
infections was greater (P<0·05) for infants who started mixed feedings before 120 d compared
with those who started after 120 d.

These preliminary observations, if confirmed, have important implications, and therefore
several studies have recently commenced in order to test them. The sites at which these studies
will be conducted are South Africa, West Africa, Ethiopia, and Zambia.

Timing of breast-feeding transmission

There has been considerable debate as to the exact timing of HIV transmission through breast
milk. Colostrum has been considered to be more infectious than later milk, because of its
higher lymphocyte count; however, many of the protective substances of breast milk are present
at higher levels in colostrum than in mature milk, i.e. secretory immunoglobulin A, secretory
leucocyte protease inhibitor and lactoferrin (Van de Perre, 1999).
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In a recent meta-analysis of pooled data from eight cohorts, the risk of post-partum transmis-
sion (after the age of 4 months) was 3·2 % per year of breast-feeding (Leroy et al. 1998). A study
in Malawi demonstrated that the risk of early breast-milk transmission (i.e. in the first 6 months)
was higher than the risk at a later stage (Miotti et al. 1999). This study, conducted between 1994
and 1997, examined the HIV status of 672 infants born to infected women. Only infants who were
not infected at the first visit, when they were about 4 weeks of age, were eligible for the study.
The HIV infection rates in the first 2 years of life declined significantly over time, falling from 
0·7 % per month in months 1–5 to 0·6 % per month in months 6–11, and to only 0·3 % when the
babies were over 12 months old. The estimated risk of late postnatal transmission was similar to
that estimated by Leroy et al. (1998). These risks could be related to increased infant susceptibil-
ity in the early months, especially in the situation where the infant does not receive exclusive
breast-feeding, or it could be an indication of bias due to surveillance biases, which would tend to
have closer surveillance in the early months of life than at a later stage.

Issues to be considered by HIV infected women when making infant-feeding options

In view of the risk of HIV transmission the obvious response would be that HIV-infected moth-
ers should be counselled not to breast-feed their infants. However, this decision is not straight-
forward, because of the benefits of breast-feeding (notwithstanding the risk of HIV
transmission) and the risks of replacement feeding. Clearly, there is a need to balance the risks,
and the balance will vary with each woman’s situation. Thus, mothers need to be well informed
of the risks and benefits of breast-feeding and replacement feeding in their particular situation
before they can make their decision. 

Benefits of breast-feeding

Breast milk contains protective anti-infective substances such as lactoferrin (Harmsen et al.
1995), lysozyme, mucins, immunocompetent T-cells, complement, glycosaminoglycan (Newburg
et al. 1992), and secretory leucocyte protease inhibitor. Secretory leucocyte protease inhibitor, a
serine protease inhibitor, is present at potentially-active concentrations (>100 ng/ml) in colostrum
and transition milk, and it can inhibit HIV entry into host cells in vitro (Wahl et al. 1997).

The composition of breast milk fulfils the infant’s total nutrient requirements for the first
6 months of life (Lawrence, 1994), and remains a valuable source of nutrition up to 2 years
of age and beyond. Breast-feeding is obviously the most economic and safe mode of infant
feeding, and is important in promoting the mother–infant relationship and may enhance the
child’s intellectual development (Lucas et al. 1992; Lanting et al. 1994). However, the great-
est benefit probably comes from the protection it provides the mother (Gwinn et al. 1990;
Thomas & Noonan, 1993; Newcomb et al. 1994) and child against illness and death (Thapa
et al. 1988). The more well-known benefit of breast-feeding to the infant is the reduction in
the risk of infection, especially diarrhoea and pneumonia. The benefits of breast-feeding are
widely recognised, and have been reinforced by a recent meta-analysis (World Health
Organization Collaborative Study Team on the Role of Breastfeeding on the Prevention of
Infant Mortality, 2000). In this meta-analysis, which included studies from Brazil, Pakistan
and the Philippines, breast-feeding was shown to protect against child mortality, especially in
the early months (odds ratio for infants <2 months of age was 5·8). From their results the
authors of this study concluded that ‘it will be difficult, if not impossible, to provide safe
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breastmilk substitutes to children from underprivileged populations’. The benefits of breast-
feeding in terms of reduction of mortality from infections are unlikely to be as important in
well-resourced industrialized countries where the risks of artificial feeding can be minimized.
However, even in developed countries breast-feeding may protect against less common con-
ditions such as early onset diabetes (Karjalainen et al. 1992) and sudden infant death syn-
drome (Ford et al. 1993).

Whether rich or poor, all women will have to face the same dilemma: in order to prevent
HIV infection in a possible 0–15 % of infants (depending on pattern and duration of breast-
feeding), 85�100 % of infants will have to be formula-fed and therefore subjected to the possi-
bility of more disease, more allergy and lower intelligence than breast-fed babies (Lawrence,
1994). The mothers too will have higher risks for certain cancers and will be denied the psycho-
logical benefits of bonding with their infants (Lawrence, 1994). Depending on availability of
interventions to reduce MTCT of HIV, some 5–20 % of infants may already be infected either
in utero or intra-partum, therefore mothers both rich and poor also need to face the dilemma of
denying the infant who is already infected the possible benefits of breast-feeding. Difficult as
these decisions will be for women who have the economic means to afford artificial milk and
all the attendant prerequisites to ensure maximum possible safety (clean safe water, fuel sup-
plies, refrigeration facilities, hygienic environment and easy access to good health care facili-
ties), poor women and disempowered women often do not have the opportunity to make a
choice. 

Implications for poor countries

World Health Organization Joint United Nations Programme on HIV/AIDS UNICEF (1998)
issued a joint policy statement on HIV and infant feeding, which states that: ‘As a general princi-
ple, in all populations, irrespective of HIV infection rates, breastfeeding should continue to be
protected, promoted and supported’ and: ‘counselling for women who are aware of their HIV
status should include the best available information on the benefits of breastfeeding, on the risk
of HIV transmission through breastfeeding, and on the risks and possible advantages associated
with other methods of infant feeding’. However, when these conditions are not fulfilled, in par-
ticular in an environment where infectious diseases and malnutrition are the primary causes of
death during infancy, artificial feeding substantially increases children’s risk of illness and death.

Policy makers considering implementing replacement feeding for HIV-infected women in
poor communities need to bear in mind the unpredictable risks. Poor countries often have lim-
ited resources to respond promptly to these unpredictable situations; rural health centres may be
prevented from getting supplies because of fuel restrictions; this has been the case recently in
the Zimbabwean election crisis of June 2000. The floods in Mozambique in early 2000 also
highlighted the perils of formula feeding in countries which cannot respond promptly to disas-
ters, when many of the population were cut off for several days and even weeks without
resources and clean water; such a situation puts a young artificially-fed infant in extreme peril.
Even in countries less economically deprived, such as South Africa, the majority of mothers
involved in a Provincial Health Department MTCT pilot programme reported that the formula
provided by the programme was insufficient, and as a result they had to supplement their babies
with fruit juice or sugar water (Chopra et al. 2000). 

It should be borne in mind that counselling and empowering women to make an informed
choice on infant feeding is not simply a matter of informing or educating them about the theo-
retical risks and different feeding options. It requires a deep understanding of the social issues,
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compassion, knowledge of the household situation, the ability to translate complex scientific
concepts on risk in a way that is understood by women who do not have grasp of these con-
cepts, as well as the ability to emotionally support women in a decision that affects themselves,
their children, and the rest of their family.

The push to encourage women to take up replacement feeding in pilot programmes in some
settings may lead to a loss of support for initiatives to promote breast-feeding, and to some
women avoiding breast-feeding even if they do not know their HIV status. This situation can
have serious consequences in poor communities. 

Mathematical modelling exercises have helped to quantitatively compare the risks of HIV
transmission via breast-feeding against the increased risks of non-HIV mortality associated
with not breast-feeding. Results of such exercises have shown that where the background infant
mortality rate is over 70/1000 it is estimated that the risk of infant deaths from infectious dis-
eases due to replacement feeding will surpass the risk of acquisition of HIV by breast-feeding
(Kuhn & Stein, 1997). This model and others have consistently concluded that complete avoid-
ance of breast-feeding is almost always contraindicated when HIV status is unknown. A recent
preliminary modelling exercise, taking into account the recent results of reduction in breast-
milk transmission with exclusive breast-feeding, lowers the threshold infant mortality rate
above which breast-feeding would be favoured compared with breast-milk substitutes. The
authors estimated that this threshold infant mortality would be 42–80/1000 (Smith & Kuhn,
1999), i.e. in a situation of HIV risk, even if infant mortality rate is as low as 42–80, replace-
ment feeding would pose more of a threat to infant survival than exclusive breast-feeding.

For women who choose to breast-feed it is important that they are given information on
factors which increase the risk of breast-milk transmission of HIV and, following on from this
approach, information on what suggestions there are for them to minimize this risk. 

Possible risk factors for breast-feeding transmission

High plasma and breast-milk viral load (Semba et al. 1999; Pillay et al. 2000) and breast-milk
pathology such as mastitis and cracked bleeding nipples (Ekpini et al. 1997; Tess et al. 1998;
Embree et al. 2000) are considered to increase the risk of transmission of HIV. Additionally
even subclinical mastitis (measured by elevated breast-milk Na levels) may be associated with
increased risk for breast-feeding transmission (Semba et al. 1999). Similar associations,
between elevated Na:K in breast milk and HIV viral load in breast milk, have been reported by
Willumsen et al. (2000).

Suggested methods to minimize breast-feeding transmission

Many of the following methods are based on reasonable clinical practice rather than on firm
evidence. 

Improvement in obstetric practice

Suctioning out of an infant’s mouth should not be carried out routinely. Similarly, care must be
taken with tube feeding so that the infant’s mucous membranes, which come into contact with
breast milk, are not damaged.
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Prompt treatment of oral thrush

Treatment of oral thrush with appropriate anti-fungal drugs should be given immediately, as
any breaks in the mucosal barrier would pose a risk for HIV transmission.

Shorter duration of breast-feeding

A 3-month period of breast-feeding may be appropriate for HIV-infected women, as modelling
exercises have estimated that the optimum time for early weaning may be 3 months; this prac-
tice balances the risk of HIV transmission with the benefits of breast-feeding.

Exclusive breast-feeding for up to 6 months

The overwhelming majority of women in Africa give mixed feeds to their babies; exclusive
breast-feeding is uncommon (Labbock et al. 1997). Accordingly, if the results of the South
African study (Coutsoudis et al. 1999) are confirmed and are to be translated into practice, it
would mean significant changes in infant feeding practices. These changes, however, would
also have substantial benefits for non-HIV-related child health, in contrast to the negative con-
sequences associated with formula feeding. A recent study in Mexico has shown that by using
peer counsellors it is possible to bring about change in normal breast-feeding behaviour and
encourage a switch to exclusive breast-feeding (Morrow et al. 1999). A recent review has docu-
mented the impact and lessons learnt from programmes promoting and supporting exclusive
breast-feeding (Green, 1999), and has highlighted certain strategies for successful programmes.
When these strategies are used, there is evidence that exclusive breast-feeding and related prac-
tices can be improved, and that such programmes, when properly designed and implemented,
are cost-effective.

Expressing and heat-treating breast milk

There has been considerable resistance from policy makers to the idea of mothers expressing
breast milk, because it is considered to be too difficult. Before the AIDS pandemic it was quite
normal for mothers to express breast milk to be used for their own babies or for other infants in
special need. A recent study from Chile (Valdes et al. 2000) has shown that it has been possible
on a very large scale to implement a programme of breast-milk expression for working women;
these mothers ‘exclusively’ breast-feed in this way. Once women and policy makers understand
and accept that expressing breast milk is possible, heat treatment may not be an added burden.

There is evidence that the Holder method of pasteurization of milk used by milk banks, i.e.
heating at 62·5° C for 30 min, is effective in destroying the HIV virus without destroying
immunoglobulins and other protective factors in the milk. A group from Denmark and Tanzania
(Jorgensen & Boisen, 2000) have developed a device for pasteurization of breast milk which
can be powered by solar energy. A simpler method suitable for simple home settings using the
principle of passive heat transfer was described by Jeffery et al. (2000). A novel idea for elimi-
nating the HIV has recently been reported (Howett et al. 2000). Microbicides which are active
against HIV are used to inactivate HIV in breast milk, and the microbicide is then removed
without harm to the nutritional content or toxicity of the milk. This is an early report and much
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work is still needed to be sure that the microbicides can be completely removed without any
possible toxicity. There is also a need to consider whether the work involved will not in fact be
more difficult than the well-accepted method of heat treatment.

Avoiding new infections

The fact that viral load peaks immediately after infection has important implications for breast-
feeding transmission, and therefore women should take steps (e.g. by using condoms) to pre-
vent becoming infected while they are breast-feeding. In fact, in areas of high HIV prevalence
all breast-feeding women should be encouraged to take steps to avoid HIV infection during the
breast-feeding period.

Reducing risk factors associated with breast pathology

If women develop mastitis or cracked bleeding nipples, they should express milk from the
affected breast and discard it, and only feed from the uninfected breast. Medical attention should
be sought if the engorgement or blocked ducts do not resolve within 1 or 2 d, or if breast pain or
fever develop. Cracked nipples and especially painful nipples need to be managed well; if candida
infection is suspected prompt treatment of nipples with anti-fungal ointment should be started. If
the infant has recurring oral candida and is exclusively breast-fed and the mother has sore nipples,
the mother’s nipples should be treated with anti-fungal ointment concurrently with the infant
being treated to prevent re-infection. Although these measures are sensible and therefore should
be employed for breast health in general, they have not been proven to reduce MTCT of HIV.

Lactation management

Improved lactation management may also be generally useful. This approach includes proper
breast positioning and attachment of the infant to the breast and not just the nipple, which
should minimize development of cracked and bleeding nipples. Proper emptying of the breasts
will reduce milk stasis, engorgement and mastitis.

Concerns about the effects of antiretroviral drugs given to mothers during pregnancy
on breast-feeding transmission

Data from the Thai study showed that in non-breast-fed populations, giving azidothymidine
(AZT) to HIV-infected women during pregnancy from 36 weeks gestation reduced transmission
risk by approximately 50 % (Shaffer et al. 1999). Concern has been raised that ARV therapies
may not be as effective in breast-feeding populations, as the pool of children who could poten-
tially be infected through breast-feeding will be enlarged, to include those who escape intra-
partum infection as a result of maternal treatment. Since HIV levels in plasma rapidly return to,
or even above, pretreatment levels when ARV therapy is discontinued (de Jong et al. 1997),
the net effect of therapy may be a displacement of intra-partum infection to breast-feeding
infection, without having an overall effect in reducing MTCT of HIV. The Retrovirun in Cote
D’Ivoire study in West Africa (Wiktor et al. 2000) examined the change in HIV viral load in
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breast milk in the first 6 weeks post-partum in women receiving short-course antenatal AZT.
They showed that there was a peak in breast-milk viral load at 2–3 weeks post-partum and this
factor could raise the risk of postnatal transmission (Krou-Danho et al. 2000). However, the
transmission results from this study do not show an increased risk of postnatal transmission in
the AZT-treated group compared with the placebo group (see Table 2).

An intriguing observation was made in a South African study (Kuhn et al. 2000) which
was examining whether fetal, cell-mediated immune responses to HIV provided protection
against subsequent HIV transmission during delivery and breast-feeding, and whether short-
course ARV had any impact on the development of these responses. The mothers of 115 infants
were not exposed to ARV treatment and the mothers of forty-one infants were exposed to short-
course AZT + lamivudine (Perinatal Trial in Africa study; Gray, 2000). HIV T-helper cell
responses were observed in the cord blood of 34 % of infants not exposed to ARV and none of
these infants were HIV-infected at 18 months. Only one ARV-exposed infant had detectable
HIV T-helper cell responses (P < 0·007). This study therefore suggests that newborn infants
exposed to HIV in utero may have acquired immune responses to the disease, which protect
them from future infection; however, exposure to short-course AZT + lamivudine reduces this
protection, increasing the risk of future seroconversion. Interestingly, the study which showed
no loss of efficacy with time (see Table 2) was the nevirapine trial (Owor et al. 2000) in which
no ARV were taken antenatally, and which may tie up with the results found by Kuhn et al.
(2000). This finding deserves further investigation.

Research issues

An early report by Nduati et al. (2000b) has raised concern, and demands further investigation
because of the important implications. The investigators reported that breast-feeding women
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Table 2. Mother-to-child transmission rates (%) for HIV-1 in breast-fed infants
receiving antiretroviral treatment or a placebo

Age of infants

Timing of 6–8 3 12 18 24 
Study Treatment treatment 1 d weeks months months months months

PETRA
(Gray, 2000) AZT+3TC Ante- and 9·2 20·7

intra-partum

Intra- and 12·6 24·4
post-partum

Intra-partum 18·4 25·7
Placebo 19·2 26·6

DITRAME and AZT Ante- and 6·6 14·1 16·4 18·5 21·6 22·1
RETROCI, pooled; intra-partum
West Africa
(Wiktor et al. 2000) Placebo 8·4 23·2 25·3 28·5 30·1 30·1

HIVNET 012; Nevirapine Intra-partum 8·1 11·8 13·6 15·7
Uganda
(Owor et al. 2000) AZT Intra-partum 10·3 20·0 22·1 24·1

(placebo
equivalent)

AZT, azidothymidine; 3TC, lamivudine; PETRA, Perinatal Trial in Africa; DITRAME, Diminution de la
Transmission Mere-Enfant; RETROCI, Retrovirun in Cote D’Ivoire; HIVNET 012, HIV Network Study number.
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enrolled in the RCT in Kenya were more likely to die (eighteen of 197, relative risk 3·2
(95% CI 1·3, 8·1)) than mothers who formula-fed (six of 201). The baseline characteristics of
the women in these two arms need to be examined more closely in order to determine whether
randomization was in fact effective in producing two similar groups. Although biological mark-
ers of disease progression (CD4 counts and viral load) are important measures, the real test of
degree of disease progression will be the MTCT of HIV. The women in the breast-fed group
were more than twice as likely to infect their infants (birth infection rate was 7·0 in breast-
feeders and 3·1 in formula feeders/100); this finding implies that the breast-feeders had more
advanced disease, which was not necessarily picked up by biological markers. Similarly, at 6
weeks, which is usually the time period at which intra-partum infection is identified and there is
very little evidence of transmission through breast-feeding, the breast-feeders were twice as
likely to infect their infants. In fact, at 6 weeks the transmission rate in the formula-fed group
was only 9·7 % which is surprisingly low; none of the other trials in the placebo arm had such
low transmission rates at 6 weeks (Table 2). The two groups of women were therefore probably
not similar, and this factor may have accounted for the increased mortality. The results of this
study do, however, raise a possible research question of examining the effect, on maternal mor-
tality and morbidity, of improving the nutritional status of breast-feeding women. 

It is unlikely that any groups will attempt a RCT of feeding practices, as the recently com-
pleted Kenyan trial (Nduati et al. 2000a) showed clearly that it is very difficult to randomize a
behaviour like breast-feeding, which is so inherently part of a woman’s motherhood.
Furthermore, it is now generally agreed that it would be unethical to conduct such a trial.
Several large trials in South Africa, Zimbabwe, West Africa, Ethiopia, and Zambia are being
planned to look closely at exclusive breast-feeding, with close monitoring of breast-feeding
practices. Efforts are being made to try to coordinate the monitoring tool to allow for consis-
tency in reporting across studies, so that results may be compared more adequately. Mothers
and infants in the South African and Zambian studies will each receive one dose of nevirapine
according to the HIV Network Study number 012 protocol (Guay et al. 1999). The Zambian
study is, in addition, comparing the difference between complete cessation of breast-feeding at
4 months compared with gradual weaning off breast milk over 2 years.

The HIV Network Study number 027 trial in Uganda is a safety trial of ALVAC (canary
pox) vaccine v. placebo given orally with nevirapine to newborn infants. Their mothers will
receive nevirapine according to the HIV Network Study number 012 protocol (Guay et al.
1999).

A trial of passive immunization is also being planned for Uganda. Infants will receive
hyper-immune HIV globulin during the period they are being breast-fed.

A Ghent Group/National Institute of Child Health and Development initiative has set up a
Breastfeeding and HIV International Transmission Study. The study will pool data from RCT of
interventions aimed at reducing MTCT of HIV in African populations where breast-feeding is
common. This approach will enable an investigation into the acquisiton of HIV infection espe-
cially in the first few months of life, enabling clarification of the timing of breast-feeding trans-
mission as well as identification of determinants of breast-feeding transmission.

Conclusion

In conclusion, it is clear that breast-feeding relative to replacement feeding carries an increased
risk for MTCT of HIV. The magnitude of the risk appears to be dependent on the duration and
pattern of breast-feeding, and on maternal factors such as breast health; as well as her nutri-
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tional, immunological and virological status. On the other hand, in developing countries,
replacement feeding carries an increased risk for infant mortality. HIV-infected mothers in
developing countries who are faced with a choice of how to feed their infants need to be pre-
sented with a balanced view of the risks of breast-feeding and replacement feeding in terms of
HIV transmission and child survival. This approach will enable individual mothers to make an
informed choice as to which option holds the greatest chance of her baby staying HIV-negative
and alive. The reality is that the majority of HIV-infected women live in conditions which may
necessitate their choosing to breast-feed; the onus is therefore on health workers and policy
makers to increase efforts to make breast-feeding safer.

References

Andreasson P-A, Dias F, Naucler A, Andersson S & Biberfeld G (1993) A prospective study of vertical transmission of
HIV-2 in Bissau, Guinea-Bissau. AIDS 7, 989–993.

Bertolli J, St Louis ME, Simonds RJ, Nieburg P, Kamenga M, Brown C, Tarande M, Quinn T & Ou CY (1996)
Estimating the timing of mother-to-child transmission of human immunodeficiency virus in a breast-feeding popula-
tion in Kinshasa, Zaire. Journal of Infectious Diseases 174, 722– 726.

Bobat R, Moodley D, Coutsoudis A & Coovadia HM (1997) Breastfeeding by HIV-1 infected women and outcome in
their infants: a cohort study from Durban, South Africa. AIDS 11, 1627–1633.

Bulterys M, Chao A & Dushimimana A (1995) HIV-1 seroconversion after 20 months of age in a cohort of breastfed
children born to HIV-1 infected women in Rwanda (letter). AIDS 9, 93–94.

Chopra M, Schaay N & Piwoz E (2000) What is the impact of an AZT programme on breastfeeding and infant care
counseling and practices amongst health providers and HIV-infected women in Khayelitsha, South Africa?
Proceedings of the XIIIth International AIDS Conference, Durban, South Africa, MoOrD203Abstr.

Coutsoudis A, Pillay K, Kuhn L, Spooner E, Tsai W-Y & Coovadia HM (2001) Method of feeding and transmission of HIV-
1 from mothers to children by 15 months of age: prospective cohort study from Durban, South Africa. AIDS 15, 379–387.

Coutsoudis A, Pillay K, Spooner E, Kuhn L & Coovadia HM (1999) Randomized trial testing the effect of vitamin A
supplementation on pregnancy outcomes and early mother-to-child transmission in Durban, South Africa. AIDS 13,
1517–1524.

Datta P, Embree J & Kreiss J (1992) Resumption of breast-feeding in later childhood: a risk factor for mother to child
human immunodeficiency virus type 1 transmission. Journal of Paediatric Infectious Diseases 11, 974–976.

De Jong MD, de Boer RJ, de Wolf F, Foudraine NA, Boucher CA, Goudsmit J & Lange JM (1997) Overshoot of HIV-1
viraemia after early discontinuation of antiretroviral treatment. AIDS 11, F79–F84.

De Martino M (1994) The Italian register for HIV infection in children. Human immunodeficiency virus type 1 infec-
tion and breastmilk. Acta Paediatrica 400, S51–S58.

Dunn TDT, Newell ML, Ades AE & Peckham CS (1992) Risk of human immunodeficiency virus type 1 transmission
through breastfeeding. Lancet 340, 585–588.

Ekpini E, Wiktor SZ, Satten GA, Adjorlolo-Johnson GT, Sibailly TS, Ou CY, Karon JM, Brattegaard K, Whitaker JP,
Gnaore E, De Cock KM & Greenberg AE (1997) Late postnatal mother-to-child transmission of HIV-1 in Abidjan,
Cote d’Ivoire. Lancet 349, 1054–1059.

Embree JE, Nienga S, Datta P, Nagelkerke NJ, Ndinya-Achola JO, Mohammed Z, Ramdahin S, Bwayo JJ & Plummer
Fa (2000) Risk factors for postnatal mother-child transmission of HIV-1. AIDS 14, 2535–2541.

Ford RPK, Taylor BJ, Mitchell EA, Enright SA, Stewart AW, Becroft DM, Scragg R, Hassall IB, Barry DM, Allen EM
et al. (1993) Breastfeeding and the risk of sudden infant death syndrome. International Journal of Epidemiology 22,
885–890.

Gray G (2000) The PETRA study: early and late efficacy of three short ZDV/3TC combination regimens to prevent
mother-to-child transmission of HIV-1. Proceedings of the XIIIth International AIDS conference, Durban, South
Africa, LbOr5Abstr.

Green C (1999) Improving Breastfeeding Behaviors: Evidence from Two Decades of Intervention Research.
Washington, DC: LINKAGES/Academy for Educational Development.

Guay LA, Musoke P, Fleming T, Bagenda D, Allen M, Nakabiito C, Sherman J, Bakaki P, Ducar C, Desayve M, Emel
L, Mirochnick M, Fowler MG, Mofenson L, Miolti P, Dransfield K, Bray D, Mmiro F & Jackson JB (1999)
Intrapartum and neonatal single-dose nevirapine compared with zidovudine for prevention of mother-to-child trans-
mission of HIV-1 in Kampala, Uganda: HIVNET 012 randomised trial. Lancet 354, 795–802.

Gwinn ML, Lee NC, Rhodes PH, Layde PM & Rubin GL (1990) Pregnancy, breast feeding and oral contraceptives and
the risk of epithelial ovarian cancer. International Journal of Epidemiology 43, 559–568.

Harmsen MC, Swart PJ, de Berthune MP, Pauwels R, De Clercq E, The TH & Meijer DK (1995) Antiviral effect of
plasma and milk proteins: lactoferrin shows potent activity against both human immunodeficiency virus and
cytomegalovirus replication in vitro. Journal of Infectious Diseases 172, 380–385.

204 A. Coutsoudis

https://doi.org/10.1079/NRR200123 Published online by Cambridge University Press

https://doi.org/10.1079/NRR200123


Howett MK, Stoltzfus S, Berlin CM Jr & Wigdahl B (2000) Inactivation of HIV in milk by alkyl sulfate microbicides.
Proceedings of the XIIIth International AIDS Conference, Durban, South Africa, LbPp123Abstr.

Jeffery B, Webber L & Mokhondo R (2000) Determination of effectiveness of inactivation of HIV in human breastmilk
by Pretoria Pasteurisation. Proceedings of the XIIIth International AIDS Conference, Durban, South Africa,
MoPeB2201Abstr.

Joint United Nations Programme on HIV/AIDS (2000) Report on the Global HIV/AIDS Epidemic. Geneva: UNAIDS/
WHO.

Jorgensen AF & Boisen F (2000) Pasteurization of HIV contaminated breastmilk. Proceedings of XIIIth International
AIDS Conference, Durban, South Africa, LbPp122Abstr. 

Karjalainen J, Martin JM, Knip M, Honen J, Robinson BH, Savilahti E, Akerblom HK & Dosch HM (1992) A bovine
albumin peptide as a possible trigger of insulin-dependent diabetes mellitus. New England Journal of Medicine 327,
302–307.

Karlsson K & Massawe A, Urassa E, Kawo G, Msemi G, Kazimoto T, Lyamuya E, Mbena E, Urassa W, Bredberg-
Raden U, Mhalu F & Biberfeld G (1997) Late postnatal transmission of human immunodeficiency virus type I infec-
tion from mothers to infants in Dar es Salaam, Tanzania. Journal of Paediatric Infectious Diseases 16,  963–967.

Krou-Danho N, Sibailly TS, Bertolli J, Boni-Ouattara E, Ekpini ER, Nkengasong J, Maurice C, Monga B, Roels TH &
Greenberg AE (2000) Changes in breastmilk and plasma HIV-1 viral load during the first 6 weeks postpartum in
HIV-infected women receiving short-course oral zidovudine in Abidjan, Cote d’Ivoire. Proceedings of the XIIIth
International AIDS Conference, Durban, South Africa,WeOrC493Abstr.

Kuhn L, Coutsoudis A, Meddows-Taylor S, Mngqundaniso N, Trabattoni D, Clerici M, Shearer G, Tiemessen C &
Gray G (2000) HIV-specific T-helper cell responses in infants of HIV-infected mothers exposed or not to anti-retrovi-
ral treatment. Proceedings of the XIIIth International AIDS Conference, Durban, South Africa, TuOrA282Abstr.

Kuhn L & Stein Z (1997) Infant survival, HIV infection, and feeding alternatives in less developed countries. American
Journal of Public Health 87, 926–931.

Labbock M, Perez-Escamilla R, Peterson A & Coly S (1997) Breastfeeding and Child Spacing Country Profiles.
Washington, DC: Institute for Reproductive Health.

Lanting CI, Fidler V, Huisman M, Touwen BCL & Boersma ER (1994) Neurological differences between 9-year-
children fed breastmilk or formula-milk as babies. Lancet 344, 1319–1322.

Lawrence RA (1994) Breastfeeding: A Guide for the Medical Profession, 4th ed. St Louis, MO: Mosby. 
Lepage P, Van de Perre, Simonon A, Msellati P, Hitimana DG & Dabis F (1992) Transient seroconversion in children

born to HIV-1 infected mothers. Journal of Paediatric Infectious Diseases 11, 892–894.
Leroy V, Newell ML, Dabis F, Peckham C, Van de Perre P, Bulterys M, Kind C, Simonds RJ, Wiktor S & Msellati P

(1998) International multicentre pooled analysis of late postnatal mother-to-child HIV-1 infection. Lancet 352,
597–600.

Lucas A, Morley R, Cole TJ, Lister G & Leeson-Payne C (1992) Breastmilk and subsequent intelligence quotient in
children born preterm. Lancet 339, 261–264.

Mbori-Ngacha D, Nduati R, John G, Reilly M, Mwatha A, Overbaugh J, Welch M, Ndinya-Achola J, Bwayo J & Kreiss J
(2000) Morbidity and mortality in breastfed and formula fed infants of HIV-1 infected women: results of a randomized
clinical trial. Proceedings of the XIIIth International AIDS Conference, Durban, South Africa, WeOrC494Abstr.

Miotti PG, Taha TET, Kumwenda NI, Broadhead R, Mtimavalye LA, Van der Hoeven L, Chiphangwi JD, Liomba G &
Biggar RJ (1999) HIV transmission through breastfeeding: a study in Malawi. Journal of the American Medical
Association 282, 744–749.

Mofenson LM & McIntyre JA (2000) Advances and research directions in the prevention of mother-to-child HIV-1
transmission. Lancet 355, 2237–2244.

Moodley D (2000) The SAINT Trial: Nevirapine (NVP) versus zidovudine (ZDV) + lamivudine (3TC) in prevention of
peripartum HIV transmission. Proceedings of the XIIIth International AIDS conference, Durban, South Africa,
LbOr2Abstr.

Morrow AL, Guerrero ML, Shults J, Calva JJ, Lutter C, Bravo J, Ruiz-Palacios G, Morrow RC & Butterfoss FD (1999)
Efficacy of home-based peer counselling to promote exclusive breastfeeding: a randomised controlled trial. Lancet
353, 1226–1231.

Nduati R, John G, Mbori-Ngacha D, Richardson B, Overbaugh J, Mwatha A, Ndinya-Achola J, Bwayo J & Onyango FE,
Hughes J & Kreiss J (2000a) Effect of breastfeeding and formula feeding on transmission of HIV-1: A randomized
clinical trial. Journal of the American Medical Association 283, 1167–1174.

Nduati R, Richardson B, John G, Overbaugh J, Welch M, Ndinya-Achola J, Moses S, Holmes K, Onyango F &
Kreiss JK (2000b) Impact of breastfeeding on maternal mortality among HIV-1 infected women: Results of a ran-
domized clinical trial. Proceedings of the  XIIIth International AIDS Conference, Durban, South Africa,
WeOrC495Abstr.

Newburg DS, Viscidi RP, Ruff A & Yolken RH (1992) A human milk factor inhibits binding of the human immunodefi-
ciency virus to the CD4 receptor. Pediatric Research 31, 22–28.

Newcomb PA, Storer BE, Longnecker MP, Mittendorf R, Greenberg ER, Clapp RW, Burke KP, Willett WC & MacMahon
B (1994) Lactation and reduced risk of premenopausal breast cancer. New England Journal of Medicine 330, 81–87.

Owor M, Deseyve M, Duefield C, Musisi M, Fleming T, Musoke P, Guay L, Mmiro F & Jackson B (2000) The one
year safety and efficacy data of the HIVNET 012 trial. Proceedings of the XIIIth International AIDS Conference,
Durban, South Africa, LbOr1Abstr. 

Breast-feeding and HIV transmission 205

https://doi.org/10.1079/NRR200123 Published online by Cambridge University Press

https://doi.org/10.1079/NRR200123


Pillay K, Coutsoudis A, York D, Kuhn L & Coovadia HM (2000) Cell-free virus in breast milk of HIV-1 seropositive
women. Journal of AIDS 24, 330–336.

Semba RD, Kumwenda N, Hoover DR, Taha TE, Quinn TC, Mtimavalye L, Biggar RJ, Broadhead R, Miotti PG,
Sokoll LJ, van der Hoeven L & Chiphangwi JD (1999) Human immunodeficiency virus load in breast milk, mastitis,
and mother-to-child transmission of human immunodeficiency virus type 1. Journal of Infectious Diseases 180,
93–98.

Shaffer N, Chuachoowong R, Mock PA, Bhadrakon C, Siriwasin W, Young NL, Chotpitayasunondh T, Chearskul S,
Roongpisuthipong A, Chinayon P, Karon J, Mastro TD & Simonds RJ (1999) Short-course zidovudine for perinatal
HIV-1 transmission in Bangkok, Thailand: a randomised controlled trial. Lancet 353, 773–780.

Smith MM & Kuhn L (1999) Infant feeding patterns and HIV transmission (letter). Lancet 354, 1903–1904.
Taren D, Nahlen B, van Eijk A & Otiena J (2000) Early introduction of mixed feedings and postnatal HIV transmission.

Proceedings of the XIIIth International AIDS Conference, Durban, South Africa, MoPeB2200Abstr.
Tess BH, Rodrigues LC, Newell ML, Dunn DT & Lago TD (1998) Infant feeding and risk of mother-to-child transmis-

sion of HIV-1 in Sao Paulo State, Brazil. Sao Paulo Collaborative Study for vertical transmission of HIV-1. Journal
of Acquired Immune Deficiency Syndrome and Human Retrovirology 12, 513–520.

Thapa S, Short RV & Potts M (1988) Breast feeding, birth spacing and their effects on child survival. Nature 335,
679–682.

Thomas DB & Noonan EA (1993) Breast cancer and prolonged lactation. International Journal of Epidemiology 22,
619–626.

Valdes V, Pugin E, Schooley J, Catalan S & Aravena R (2000) Clinical support can make the difference in exclusive
breastfeeding success among working women. Journal of Tropical Paediatrics 46, 149–154.

Van de Perre P (1999) Transmission of Human Immunodeficiency Virus Type 1 through breastfeeding: How can it be
prevented. Journal of Infectious Diseases 179, S405–S407.

Van de Perre P, Simonon A, Msellati P, Hitimana DG, Vaira D, Bazubagira A, Van Goethem C, Stevens AM, Karita E,
Sondag-Thall D et al. (1991) Post-natal transmission of human immunodeficiency virus type 1 from mother to infant.
New England Journal of Medicine 325, 593–598.

Wahl SM, McNeely TB, Janoff EN, Shugars D, Worley P, Tucker C & Orenstein JM (1997) Secretory leucocyte pro-
tease inhibitor (SLPI) in mucosal fluids inhibits HIV-1. Oral Diseases 3, S64–S69.

World Health Organization (1991) Indicators for assessing breastfeeding practices. Geneva, Switzerland: WHO/CHD/
SER/91.4.

World Health Organization Collaborative Study Team on the Role of Breastfeeding on the Prevention of Infant
Mortality (2000) Effect of breastfeeding on infant and child mortality due to infectious diseases in less developed
countries: a pooled analysis. Lancet 355, 451–455.

World Health Organization/Joint United Nations Programme on HIV/AIDS/UNICEF (1998) HIV and Infant Feeding.
Guidelines for Decision-makers. Geneva. WHO/UNAIDS/UNICEF. 

Wiktor SA, Leroy V, Ekpini ER, Alioum A, Karon J, Msellati P, Hudgens M, Meda M & Greenberg AE (2000) 24-
month efficacy of short-course maternal zidovudine for the prevention of mother-to-child HIV-1 transmission in a
breastfeeding population: A pooled analysis of two randomized clinical trials in West Africa. Proceedings of the
XIIIth International AIDS Conference, Durban, South Africa, TuOrB354Abstr.

Willumsen J, Filteau S, Coutsoudis A, Newell M-L, Dwarika S, York D & Tomkins A (2000) Subclinical mastitis asso-
ciated with increased breastmilk viral load. Proceedings of the XIIIth International AIDS Conference, Durban, South
Africa, TuPeC3448Abstr.

Ziegler JB, Cooper DA, Johnson RO & Gold J (1985) Postnatal transmission of AIDS-associated retrovirus from
mother to infant. Lancet i, 896–898.

206 A. Coutsoudis

https://doi.org/10.1079/NRR200123 Published online by Cambridge University Press

https://doi.org/10.1079/NRR200123

