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Summary
Background An understanding of the risk and timing of
mother-to-childtransmission of HIV-1in the postnatal period
is important for the development of public-healthstrategies.
We aimed to estimate the rate and timing of late postnatal
transmission of HIV-1.
.1*
Methods We did an international multicentre pooled analysis

of individual data from prospectivecohort studies of children
followed-up from birth born to HIV-1-infectedmothers. W e
enrolled all uninfected children confirmed by HIV-1-DNAPCR,
HIV-1serology, or both. Late postnatal transmission was
taken to have occurred if a child later became infected. We
calculated duration of follow-up for non-infected children
from the time of negative diagnosis to the date of the last
laboratory follow-up,or for infected children to the mid-point
between the date of last negative and first positive results.
We stratifiedthe analysisfor breastfeeding.
Findings Less than 5% of the 2807 children in four studies
from industrialisedcountries (USA, Switzerland, France, and
Europe) were breastfed and no HIV-1 infection was
diagnosed. By contrast, late postnatal transmission
occurred in 49 (5%) of 902 children in four cohorts from
developing countries, in which breastfeeding was the norm
(Rwanda [Butare and Kigali], Ivory Coast, Kenya), with an
overall estimated risk of 3-2 per 100 child-years of
breastfeeding follow-up (95% CI 3-1-3.8), with similar
estimates in individual studies (p=O.lO). Exact information
on timing of infection and duration of breastfeeding was
available for 20 of the 49 children with late. postnatal
transmission. We took transmission to have occurred
midway between last negative and first positive HIV-1tests.
If breastfeeding had stopped at age 4 months transmission
would have occurred in no infants, and in three if it had
stopped at 6 months.
Interpretation Risk of late postnatal transmission is
consistently shown to be substantial for breastfed children
born to HIV-1-positive
mothers. This risk should be balanced
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against the effect of early weaning on infant mortality and
morbidity and maternal fertility.
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Introduction
Mother-to-child transmission of HN-1 infection can occur
during pregnancy in the intrapartum period or postnatally.'
HIV-1 DNA is present in breastmilk2 and postnatal
transmission can occur through brea~tfeeding.~.~
Breastfed
children have a highs risk of mother-to-child transmission
than those who have never been breastfed: and prospective
follow-up of children born to HIV-1-infected mothers has
shown that some infants become infected postnatally after
loss of matemal antib0dies.6,~
Avoidance of breastfeeding by HN-1-infected women is
recommended if safe and affordable alternatives are
available; a practice reinforced by WHO, UNICEF, and
UNAIDS (UNADS website [HIV and infant feeding
http://coww.unaids. orglunaidsldocumentlepidemicl
infant.html] accessed on July 28, 1998). In many
developing countries, however, high expense and rates of
infant morbidity and mortality are associated with
alternative feeding methods and identification of HIV-1infected pregnant women. In places where the prevalence
of HIV-1 is high, postnatal acquisition of HIV-1 infection
through breastfeeding remains a concern and a possible
compromise would be to stop breastfeeding early.""
Although breastfeeding has been estimated to double the
risk of vertical transmissioa the exact risk and timing of
transmission attributable to breastfeeding remain unclear.
A randomised controlled trial of breastfeeding compared
with bottle feeding is underway in Nairobi, Kenya: which
should provide a reliable estimate of the additional risk of
HIV-1 transmission attributable to breastfeeding. The
postnatal transmission risk of HIV-1 can also be assessed
in large prospective studies with frequent laboratory followup of children bom to HIV-1-infected mothers, in which
postnatal transmission can be distinguished from
intrapartum transmission." In such studies, late
seroconversions in breastfed children have been
r e p ~ r t e d ~ ~ *but
' * - the
' ~ reliability of risk estimates needs to
be improved.
Improved understanding of the risk and timing of
postnatal transmission of HIV-1 is important for the
development of strategies for infant-feeding and weaning
policie^.^,'^ Such understanding is especially relevant
to interventions to decrease vertical transmission
We
that are currently being developed and as~essed.'~*'~
did an intemational multicentre pooled analysis to
estimate +e rate and timing of late postnatal transmission
of HIV-1.
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confirmed by a subsquent positive PCR, a positive westem blot at
age 15 months or later, or a positive ELISA at or after age 18
months; or they had only a positive antibody test, as defined
previously. We excluded children with inconclusive results.
Among HIV-I-infected children, we classified acquisition of
1 infection as having occurred in utero, intrapartum, or ealy
postnatally if PCR was positive before age 2.5
We
classified late postnatal pansmission as HIV-1 infection that was
diagnosed after age 2.5 months in children with laboratory
evidence of no infection at or after age 2.5 months. We could not
assess timing of HIV-1 infection in children who were persistently
HIV-1-antibody positive without PCR assessment. Because viral
culture was not routine, we did not use this method in the
algorithm to define cases of late postnatal transmission.
We based the denominator for the estimation of the rate of late
postnatal transmission on children with documented absence of
infection after age 2.5 months. We chose the cut-off time of
2.5 months because a negative DNA PCR early in life in breastfed
infants does not necessarily imply no infection and early posmatal
and intrapartum infection cannot be distinguished. This time also
allowed for the time of testing in the studies and kept to a
maximum the number of children with test results. We took date
of entry in the study as the date of the first negative HIV-1 test.
We defined all time-points in the analysis in relation to
laboratory assessments. We took the start of the period during
which infants were at risk of late posmatal transmission to be the
age at which children yere diagnosed as being uninfected. Our
endpoint was the age at the last laboratory test in children who
remained>uninfected,or the midpoint between the date of the last
negative and the first positive test in children who became
infected. For breastfed children, we calculated the start of the
breastfeeding period from the f i r s t negative HIV-1 test. We
extended the contribution of the breastfeeding period to the risk of
late posmatal transmission to 2 months after breastfeeding
stopped to allow for the occurrence of seroconversion.
We first calculated the rate of infection for each study
individually and then for pooled studies, as: (number of cases of
late posmatal transmission/[number of children followedxyears
from the time of diagnosis of absence of infection])*lOO. We

Laboratory follow-upt Number of chlldren Breastfed
born to HIV-1(%)
Infected mothers

Study slte

Abidjan, ivory Coast: Retrc-CiU W B ELISA PCR
Butare, RwandaU
WB ELISA P24
Kigali, Rwanda"
W B ELISA PCR
Nairobi, KenyaY*
WB ELISA PCR
Europe, European
W B ELISA PCR VC
Collaborative Studyz
France, French Cohort Studyze* W B ELISA PCR VC
Switerland, Swiss Study"
W B ELISA PCR VC P24
USA, PACT Study"
W B ELISA PCR VC P24

188
254
218
743
1954

100

729
363
1548

2

m-

99
98

100

3
5
1

*Summary data only. tW8western blot. VC=viral culture: P24=P24 antigenaemia.

Table 1:Characteristics of the eight included studies

Methods
We gathered all published and unpublished data from completed
or continuing cohort studies, in which information was available
on sequential prospective laboratory follow-up (PCR, ELISA, and
westem blot) of children born to mothers known to be infected
with HIV-1 before or at delivery. To l i t the publication bias
inherent to pooled analy~is,'~we contacted all potential
investigators through the Interfiational Working Group on
Mother-To-Child Transmission of HIV-1, a large network of
researchers in developing c o ~ n m e s . ~All
~ * children
*~
followed up
from birth were eligible. We requested individual data, but if these
were not available, we accepted summary data. For each child, we
collected information on matemal serological HIV-1 status at
delivery, date of birth, date of last follow-up, HIV-1-infection
status and mortality, duration of breastfeeding, and all laboratory
results for diagnosis of the child's HIV-1 infection, with
correspondingdates.
We defined each child's HIV-1 status according to an algorithm
with serological or DNA-PCR criteria, or both, following the
Ghent classification.17~20
We took uninfected children to be those
with negative PCR results after age 2.5 months, confirmed by
negative westem blot after 9 months, or negative ELTSA at 18
months or older, or children in the absence of a PCR test result
who had lost matemal antibodies."Jo We classsed children as
having HIV-1 infection if: they had a positive PCR at any age,
Study slte

Number of children In our Medlan follow-up In months Number of chlldmonths of
study
(range)
followup

Abldjan, Ivory Coast
Total
Breastfed
Nokbreastfed
Butare, Rwanda
Total
Breastfed
Nonbreastfed
KIgaII, Rwanda
Total
Breastfed
Non-breastfed
Nalrobl, Kenya
Breastfed
Europe
Total
Breastfed
Nonbreastfed

114

22 (1&45*4)
12 (1.5-25.4)
14 (1.4-36.3)

183

152

902

Swltzerland
Total
Breastfed
Nonbreastfed

724

254

0.028 (0.0274046)
0.057 (0.055-0.082)

O

O

1350
1269
81

7
7

0.062 (0.060-0.087)
0.066 (0.064-0.092)

O

O

22 (0.03-39.0)

3408
2325
1083

7
7
O

0.025 (0.024-0.041)
0.036 (0.035-O.055)
O

13 617

29

0.026 (0.025-0.034)

27 560

O

27 560

O

O

..

9762
142
9620

O

O

18.4 (1.7-72.0)
7.3
18.4 (1.7-72.0)

4718
7
4711

O

30.6 (0.1-122.0)
0.34
30.6 (0.1-122.0)

.

6
6

7.4 (1.0-15.6)
7.2 (0.7-14.7)
5.4 (1.3-11.9)

..

France

Total
Breastfed
Nonbreastfed

2575
1273
1302

16 (0.1-33.0)
1
1
(0.03-33.0)
453

Number of late
Rlsk of late postnatal transmlsslonIn
postnatal transmlsslon chll&yean (95%CI)
cases

1

O

O
O

O

O

O
O

O

O

O

O

O

O

O

O

O

~

USA
Total
Breastfed
Non-breastfed

924

22.2 (0.03-103.0)
1.1

20 528

O

1

22.2 (0.03-103.0)

20 527

O

Table 2: Estimated risk of iate postnatal transmission from eight included studies by breastfeeding practice.
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Age (months)
Cumulative probability of late postnatal transmission of HIV-1
among breastfed children with estimation of the timing of
Infection
Kaplan-Meiermethod with delayed entry (n=20of 429). Dotted lines
represent 95%CI
estimated this rate separately for breastfed and non-breastfed
periods. Rates are presented with 95% CIS. We tested for
homogeneity between the different estimates of late postnatal
transmission with Poisson regresshn? Among breastfed children
with individual information on timing of infection, not summary
information, we did a survival analysis to estimate the cumulative
probability of having late posmatal transmission by the KaplanMeier method with delayed entry (entry time defined as time of
diagnosis of absence of infection for each child). We used this
method to allow for the truncation at entry in the late postnatal
transmission study.13 We attempted to collect information on
possible determinants of late posmatal transmission among
breastfed children, such as matemal age, matemal CD4 count,
matemal clinical status, and history of breastfeeding, but such
information was not generally available and we could not
investigate the role of risk factors.

between those who became HIV-1 positive and those who
remained negative (p=0*36). Median length of
breastfeeding exposure was 15.5 months (3-36). The
cumulative probability of acquisition of late postnatal
transmission was 0.7% at age 6 months (0*2-2*2),0.95%
at 9 months (0+2.5), 2 5 % at 12 months (1.3-4.7), 6.3%
at 18 months (3.9-9.95), 7.4% at 24 months (4.5-12*1),
and 9.2% at 36 months (5-3-15.5).
Therefore, none of the 20 children with late postnatal
transmission would have been infected if breastfeeding had
stopped at age 4 months, and only three would have been
infected if breastfeeding had stopped at age 6 months. We
took the time of infection to be midway between time of
last negative and h t positive test. Since we may have
overestimated the benefit of early discontinuation of
breastfeeding, we repeated the analysis with a worst case
scenario, in which we took infection to have occurred
immediately after the last negative test. Two of the 20
children would have been infected if breastfeeding had
been discontinued at age 4 months, and four if
breastfeeding had ceased at 6 months.

Discussion

The previously reported risks of late postnatal transmission
of HIV-1 infection ere based on small numbers and
ranged from 5% to 1 %,"Ja or a yearly incidence of 5.8 per
100 cwd-years of breastfeeding.12 A study in ,Nairobi,
Kenya, reported 40 cases of acquisition of infection though
breastfeeding in children of mothers with either prevalent
or incident HIV-1 infection.24We attempted to overcome
difficulties of differences in definition of late postnatal
transmission, laboratory methods for assessment of late
Results
postnatal transmission, and duration of follow-up by the
By October, 1997, we had gathered individual data from
pooling of individual data from eight prospective cohort
six cohort studies, and summary data from two other
studies and applying a standard definition of infection.
studies, including 5997 children (table 17,12s14,24-28
). In the
Because these individual studies had different laboratory
four cohorts from industrialised counmes, 5% or less of
follow-up methods and timing for HIV-1 diagnosis
children were ever breastfed, and laboratory follow-up
heterogeneity was introduced, but the variability between
included HIV-1 serology, DNA PCR, and viral culture
studies was not significant. Since the estimation of
every 3 months after birth. In the four developing-country
paediatric HIV-I infection rate was the primary objective
cohorts, breastfeeding was the norm and, with the
of all those Studies, we limited potential information bias
exception of Butare where only serology was available,
by handling the most relevant data in our pooled analy~is.'~
HIV-1-antibody and DNA PCR tests were done regularly
Four eligible prospective studies that we did not include
from age 3 months.
reported estimates of late postnatal transmission that
Table 2 shows for each study the number of children
ranged from 4% (eight of 189) after age 5 months in
enrolled in our study, with duration of follow-up í?om time
Kinshasa, Zaire,') 15% (eight of 53) after age 6 months in
of non-infection, and the number of cases of late postnatal
Soweto, South f i c a , ' 4% (three of 73) after age 12
transmission stratified by breastfeeding. Overall, we
months in Brazzaville, Congo,Zgand an incidence of 6.2 per
enrolled 2804 children from industrialised countries and
100 child-years of breastfeeding after age 6 months in Dar
902 from developing counmes. Median follow-up after
es Salaam, Tar12ania.l~Although with different definitions
b t negative HIV-1 result ranged from 7.4 months
of late postnatal transmission and methods for clinical and
(Butare) to 30.6 months (Europe).
laboratory follow-up, these rates were difficult to compare
No case of late postnatal transmission was diagnosed in
directly, they were similar to our findings. The similarity
non-breastfed children. During the total period of
between individual studies in our analysis, which used
breastfeeding, 49 children with late postnatal transmission
common definitions, strengthened the reliability of the
were detected, giving an overall estimated risk of late
overall estimate.
postnatal transmission of 3.2 per 100 child-years of
Although postnatal transmission can occur when
breastfeeding follow-up (95% CI 3.1-3.8); estimates in
mothers acquire HIV-1 infection during
individual studies ranged from 2.6% to 6.6% per 100
transmission.is most common from mothers who are
child-years of breastfeeding follow-up and were consistent
infected at the time of delivery. Study of postnatal
b = O - 10).
transmission of HIV-1 infection among seroconverting
429 children, including 20 of the 49 children with late
.mothers was not our objective since the risk of late
posmatal transmission, had information about timing of
posmatal transmission differs from that for seropositive
acquisition of HIV-1 infection (figure). The median age at
women at delivery.
which these children had had a negative test result was
Although substantial, the incidence of 3-2 per 100 child5.8 months (range 2.5-15-7), with no significant difference
years of breastfeeding for late postnatal transmission
THE LANCET * Vol 352 * August 22,1998
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Conference on AIDS. Vancouver, Canada: 1996; 7-12 July (abstr T U
underestimates infection occurring through breastfeeding,
C415).
since infections acquired before age 2.5 months would
6 Datta P,Embree J, Kreiss J. Resumption of breast-feeding in later
have been excluded. The contribution of this additional
childhood a risk factor for mother to child human deficiency virus type
1 transmission. Pediutr Infect DkJ 1992; 11: 974-76.
risk of 3.2for infection after age 2.5 months to an overall
7 Lepage P,Van de Pere P, Smonon A, Msellati P, Hitimana D-G, Dabis
rate of about 25% in mother-to-child transmission in
F. Transient seroreversion in children bom to HIV-1 infected mothers.
breastfeeding populations is about 14%. This finding could
Pediutrlnfect DkJ 1992; 11: 892-94.
have important implications for interventions to prevent
8 World Health Organization, Global Programme on AIDS. Consensus
peripartum infection.1**8
Before implementation of any
statement from the WHO/UNICEF consultation on HIV transmission
and breast-feeding: 30 April-1 May 1992. wkly Epidemiol Rec 1992; 24:
intervention programme to decrease mother-to-child
177-79.
transmission around the time of birth in breastfeeding
9 Joint United Nations Programme on HIVIAIDS (lJNAID.5). HIV and
populations, however, the subsequent risk of acquisition of
infant feeding: an interim statement Wkly Epidemiol Rec 1996; 39:
289-91.
infection through breastfeeding should be considered.
10 World Health Organization. HIV/AIDS: the global epidemic. wkly
Intervention trials willneed to have sufficiently long followEpidemwl Rec 1997; 72: 17-24.
up to M y estimate this risk.
11 S i o n o n A, Lepage P,Karita E, et al. An assessment of the timing of
There is a need to find out how best to advise HIV-1mother-to-child transmission of HIV type-1 by means of polymerase
chain reaction. JAcquir Immune Defic Sjmdr 1994; 7: 952-57.
infected women in developing countries about the risk of
12 Bultexys M, Chao A, Dushimimana A. HIV-1 seroconversion after 20
transmission through breastfeeding. Not only is advice
months of age in a cohort ofbreastfed children bom to HIV-1-infected
important in the initial decision about whether or not to
women in Rwanda. AIDS 1995; 9: 93-94.
breastfeed, but also in counselling about continuation of
13 Bertolli J, St Louis M, Simonds R, et al. Estimating the timing of
mother-to-child transmission of human immunodeficiency virus in a
breastfeeding after an infant is.%hown to be uninfected.
breast-feeding population in Kinshasa, Zaire. J Infer Dir 1996; 174:
Information on the timing of postnatal transmission will
722-26.
guide policies on infant feeding and the stopping of
14 Epkini ER, Wiktor SZ, Satten GA, et al. Late postnatal mother-to-child
breastfeeding in countries with high HIV-1 prevalence in
transmission of HIV-1 in Abidjan, Côte d’Ivoire. Lancet 1997; 349:
1054-59.
which safe and affordable alternative options are
15 Karlsson K, Massawe A, rassa E, et al. Late posmatal transmission of
unavailable. Although the advantages of breastfeeding in
human immunodeficiencym s type 1 infection from mothers to infants
the absence of HIV-1 infection, have been well
in Dar es Salaam, Tanzania. Pedium Infecr DkJ 1997; 16: 96267.
documented,”O the risk of acquisition of Mv-1 through
16 Kuhn L, Stein Z. Infant survival, HIV infection and feeding altematives
in less-developed counmes. AmJPublic Health 1997; 87: 926-31.
long-term breastfeeding may outweigh its benefits in
17 Dabis F, Msellati P, Newell M, et al. Methodology of interventionmals
populations with high Hzv-1 prevalences, even when
to reduce mother-to-child transmission of HIV-1 with special reference
childhood mortality rates are high.30,31The stopping of
to developing counmes. AIDS 1995; 9: S67-74.
breastfeeding at 6 months is already being considered in
18 Van de Perre P,Meda N, Cartoux M, et al. Zidovudine and
breastfeeding. AIDS Parient Care STD 1997; 11: 4-5.
~ ~ if~ *
the Ivory Coast for HIV-1-infected ~ o m e n , ~and
implemented, will need to be carefully m ~ n i t o r e d . ~ ~ 19 F m e y D. A statisticianlooks at meta-analysis. 3 Clin Epidemioll995;
48: 87-103.
Further information is required on the net effect of
20 Dabis F, Msellati E’, Dunn D, et al. Estimating the rate of mother-toartificial feeding or the early stopping of breastfeeding on
child transmission of HIV: report of a workshop on methodological
issues, Ghent (Belgium), 17-20 February 1992. AIDS 1993; 7:
growth, infant morbidity and mortality, and maternal
113948.
fertility in the context of high HIV-1 prevalence among
21 Dunn DT, Brandt CD, =vine A, et al. The sensitivity of HIV-1 DNA
women and children.
polymerase chain reaction in the neonatal period and the relative

Y.
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