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Abstract
Background—We conducted secondary data analyses of a clinical trial (HIVNET 024) to assess
risk factors for late postnatal transmission (LPT) of HIV-1 through breastfeeding.

Methods—Data regarding live born, singleton infants of HIV-1-infected mothers were analyzed.
The timing of HIV-1 transmission through 12 months after birth was defined as: in utero (positive
HIV-1 RNA results at birth), perinatal/early postnatal (negative results at birth, positive at 4–6 week
visit), or LPT (negative results through the 4–6 week visit, but positive assays thereafter through the
12 month visit). HIV-1-uninfected infants were those with negative HIV-1 enzyme immunoassay
results at 12 months of age, or infants with negative HIV-1 RNA results throughout follow-up.

Results—Of 2292 HIV-1-infected enrolled women, 2052 mother/infant pairs met inclusion criteria.
Of 1979 infants with HIV-1 tests, 404 were HIV-1-infected, and 382 had known timing of infection
(LPT represented 22% of transmissions). Further analyses of LPT included infants who were
breastfeeding at the 4–6 week visit (with negative HIV-1 results at that visit) revealed 6.9% of 1317
infants acquired HIV-1 infection through LPT by 12 months of age. More advanced maternal HIV-1
disease at enrollment (lower CD4+ counts, higher plasma viral loads) were the factors associated
with LPT in adjusted analyses.

Conclusions—In this breastfeeding population, 6.9% of infants uninfected at 6 weeks of age
acquired HIV-1 infection by 12 months. Making interventions to decrease the risk of LPT of HIV-1
available and continuing research regarding the mechanisms of LPT (so as to develop improved
interventions to reduce such transmission) remain essential.
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INTRODUCTION
The risk of mother-to-child transmission of HIV-1 continues to be high in resource-poor
settings where efficacious interventions to prevent transmission such as antiretroviral
prophylaxis, cesarean section before labor and ruptured membranes, and complete avoidance
of breastfeeding (1) are not universally available. In such settings, and in the absence of any
intervention to prevent transmission, the risk of mother-to-child transmission of HIV-1 is
approximately 15%–42% (2).

In sub-Saharan Africa, where prolonged breast feeding is customary, breast milk transmission
represents an important mechanism of mother-to-child transmission of HIV-1. In an individual
patient data meta-analysis of more than three thousand breastfeeding infants of HIV-1-infected
women from sub-Saharan Africa, rates of transmission of HIV-1 through breast milk were
estimated with relatively high precision (3); the cumulative probability of late postnatal
transmission at 18 months was 9.3% and the overall risk of late postnatal transmission was 8.9
transmissions/100 child-years of breastfeeding.

We conducted secondary data analyses of a clinical trial (HIVNET 024) to assess risk factors
for breast milk transmission of HIV-1 among mothers and infants enrolled in the HIV
Prevention Trials Network (HIVNET) Protocol 024, a clinical trial of antibiotics to prevent
chorioamnionitis-associated perinatal HIV-1 transmission and preterm birth conducted in sub-
Saharan Africa (4).

METHODS
HIVNET 024 Trial

The HIVNET 024 trial was a randomized, double-blind, placebo-controlled Phase III trial
conducted at four sites in three African countries: Blantyre and Lilongwe, Malawi, Dar es
Salaam, Tanzania; and Lusaka, Zambia. The design and results of the trial have been described
in detail previously (4). The primary objectives of the trial were to evaluate the efficacy of
antibiotics to reduce mother-to-child transmission of HIV-1 and preterm birth. In the trial,
eligible women were randomized to receive either antibiotics (metronidazole with
erythromycin antenatally and metronidazole with ampicillin intrapartum) or placebo. All
HIV-1-infected women participating in HIVNET 024 and their infants received NVP according
to the HIVNET 012 regimen for prevention of MTCT of HIV (5). Infant study visits were
conducted at birth (within the first 48 hours), at 4–6 weeks, and at 3, 6, 9 and 12 months.
Information also was collected on breastfeeding and maternal health at these visits. Although
each clinical site provided counseling regarding the risks and benefits of breastfeeding,
replacement feeding or other interventions related to prevention of breastfeeding transmission
of HIV-1 infection were not implemented as part of the trial. Antiretroviral treatment for
mothers and children was not available at any of the clinical sites at the time the trial was
conducted. HIVNET 024 was approved by each of the in-country and U.S.-associated
Institutional Review Boards or Ethical Committees.

Study Population and Definitions for This Analysis
Data regarding HIV-1-infected women and their live born infants (singletons or, if a multiple
gestation, first born infants) who were enrolled in the HIVNET 024 trial were analyzed. Infants
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with positive HIV-1 RNA assays at birth were considered to have acquired HIV-1 infection
through in utero transmission. Those with a first positive assay at the six week study visit were
considered to have acquired HIV-1 infection through perinatal/early postnatal transmission.
Infants with negative HIV-1 RNA assay results at birth and at 4–6 weeks of age, but who had
positive HIV-1 RNA test results thereafter through the 12 month visit, were considered to have
acquired HIV-1 infection during the late postnatal period; these infants were considered to
represent cases of breast milk transmission of HIV-1. In analyses of late postnatal transmission
of HIV-1, the study population was restricted to infants who were breastfeeding at the time of
the six week visit, with negative HIV-1 RNA assay results at that visit. HIV-1-uninfected
infants were those with negative enzyme immunoassay (EIA) results at 12 months of age, or
infants with negative HIV-1 RNA assay results throughout follow-up.

Laboratory Procedures
At baseline, maternal blood was collected for a complete blood count (CBC), CD4+ cell counts,
and plasma viral load assays. The CBC and CD4 tests were performed locally using HIVNET
Central Laboratory (Johns Hopkins University, Baltimore)-approved site-specific procedures.
A cervical swab was also obtained at baseline for HIV-1 RNA testing. All maternal plasma
and cervical swabs were tested for HIV-1 RNA using the Roche Amplicor Monitor RNA assay,
version 1.5 (Branchburg, NJ) at the reference laboratory at the University of North Carolina
at Chapel Hill. HIV-1 diagnostic testing of women was performed according to site-specific
procedures including either a rapid test or enzyme-linked immunosorbent assay/Western blot
tests. All initially positive HIV-1 test results were confirmed with an additional test on site.

At infant study visits, blood was collected to prepare a dried blood spot (DBS). Nucleic acids
were extracted from all of the DBS using the silica bead isolation procedure (6) (bioMerieux,
Durham, NC). HIV-1 RNA was detected using a NASBA technology (bioMerieux NucliSens
QL) for the Malawi and Zambia sites while the Roche Amplicor Monitor version 1.5 was used
for samples for Tanzania site in a reference laboratory (University of North Carolina, Chapel
Hill, NC, USA). Positive results were confirmed by retesting the same DBS or a subsequent
one. DBS specimens from 10% of infants considered to be HIV-1-infected and an equal number
who never tested positive were re-tested in the HIVNET Central Laboratory. The laboratory
personnel were not aware of infant HIV-1 infection status or study arm.

The HIVNET Central Laboratory reviewed and certified all local laboratories before the
initiation of the trial. On a periodic basis throughout the trial, the Central Laboratory verified
virologic, serologic, hematologic, immunologic, and biochemical tests based on proficiency
panels provided by the College of American Pathology (CAP) and United Kingdom National
External Quality Assessment Service (UKNEQAS).

Statistical analysis
In time-to-event regression analyses of time to late postnatal transmission of HIV-1 (through
12 months), the event-time outcome of an infected infant was determined by the mid-point
between the last negative and the first positive HIV-1 RNA assay results (subsequent to the
six week visit and at or before the 12 month visit). An event-time was considered censored at
the date of the last negative HIV-1 RNA test result if the infant did not test positive at or before
the 12 month visit. Kaplan-Meier estimates of the proportion of infants breastfeeding at
different time points during infancy, infant survival, late postnatal transmission of HIV-1, and
maternal survival were computed for each site. Pairwise comparisons of the Kaplan-Meier
estimates for the sites were performed, and p-values were adjusted by the Bonferroni method.
Cox proportional hazards modeling (7) was performed to identify factors associated with late
postnatal transmission of HIV-1. All Cox models were stratified by site. All variables from the
univariate analyses were initially included in multivariate modeling. A backward stepwise
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model-fitting procedure using a 0.25 p-value cut-off for variable selection was initially applied
to arrive at an intermediate model. The final model was attained by applying a p-value cut-off
of 0.05 to the intermediate model. All statistical calculation and analyses were performed using
SAS version 9.1.3 on SunOS 5.9 platform.

RESULTS
Derivation of the Study Population, Transmission Rates

Of the 2659 women enrolled in HIVNET 024, 2292 were HIV-1-infected. Of these, 2052
delivered live born infants, including 2026 singletons and 26 first-born twins. Overall, 90% of
infants were still being breastfed at three months of age, with this proportion decreasing over
time until only 68% of infants were still breastfeeding at 12 months of age (Figure 1). However,
the duration of breastfeeding varied significantly by site, with duration of breastfeeding at the
Dar es Salaam site being quite shorter (median duration: three months) than that at the other
sites. At the Dar es Salaam site, only 2.5% of women were still breastfeeding their infants by
nine months. In contrast, at the other three sites, more than 98% of infants were still being
breastfed at three months of age and the majority (77–87%) were still breastfeeding at 12
months of age.

Of the 2052 live born infants, 73 had no HIV-1 diagnostic test results through the end of study
follow-up. Of the remaining 1979 infants, 404 were HIV-1-infected, 1573 were HIV-1-
uninfected, and two were of indeterminate HIV-1 infection status. Therefore, the overall HIV-1
transmission rate was 20.4% (95% confidence interval: 18.7%, 22.2%).

Of 404 HIV-1-infected infants, 22 had unknown timing of infection. Of the remaining 382
HIV-1-infected infants, 153 had presumed in utero transmission (positive HIV-1 diagnostic
assay results at birth), 128 had presumed perinatal/early postnatal infection (negative at birth,
positive at 6 weeks), 17 had either in utero or perinatal/early postnatal infection (positive at
six weeks, no previous sample), and 84 had presumed late postnatal transmission (negative at
6 weeks, positive later). Therefore, 78% (95%CI: 73.9%, 82.2%) of the observed 382 infections
were presumed to have occurred in utero or during the perinatal/early postnatal period, while
22% (95%CI: 17.8%, 26.1%) of the observed HIV-1 infections were presumed to have occurred
during the late postnatal period.

Of 1657 infants with known HIV-1 infection status and negative HIV-1 diagnostic assays at
six weeks of age, 270 had no HIV-1 diagnostic test results after age six weeks, and 70 did not
breastfeed beyond six weeks of age. Therefore, the analysis cohort for late postnatal
transmission of HIV-1 in a breastfeeding population comprised 1317 infants with negative
HIV-1 diagnostic assay results at six weeks of age, who had subsequent HIV-1 diagnostic
testing performed and who continued to breastfeed after six weeks of age. Of these 1317 infants,
84 became HIV-1-infected after six weeks but before 12 months of age (62 infants had two
positive HIV-1 diagnostic assays, and 22 infants had one positive assay; of the 22 infants with
one positive assay, 10 died before another assay could be performed). By 12 months, the late
postnatal transmission rate (estimated from the Kaplan-Meier survival curve) was 6.9% [95%
CI: 5.6%, 8.5%] (Table 1). Of the 1233 HIV-1-uninfected infants, 796 had a negative EIA
assay at 12 months of age and 437 had a negative HIV-1 RNA assay results throughout follow-
up. There were statistically significant differences in the timing of late postnatal transmission
between the Lilongwe and Lusaka sites (p=0.02). At the Blantyre site, samples taken at three,
six, and nine months of age were lost for the 16 infants with positive HIV-1 RNA assay results
at 12 months of age. Because HIV-1 RNA assay results were not available at these earlier time
points, the estimated timing of HIV-1 infections was artificially early for Blantyre.
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Characteristics of the Study Population (N = 1317 infants)
Of the 1317 infants in the study population, 52 (4.0%) died during the late postnatal period
and 17 (1.3%) of their mothers died during this period. Maternal survival did not vary
significantly across the sites. However, the infant survival curves differed according to site
(Blantyre versus Lusaka sites: p value = 0.03; Blantyre versus Dar es Salaam site: p value <
0.01). Other characteristics of the study population, overall and according to site, are shown
in Table 2 (on line only). At enrollment, almost 16% of women had CD4+ counts < 200 cells/
mm3, and more than 60% had plasma viral loads ≥ 10,000 copies/mL. Fewer than five percent
of women had breast pathology (e.g., mastitis) during follow-up. Similarly, only approximately
three percent of infants were diagnosed with oral candidiasis, and none had stomatitis.

Factors Associated with Late Postnatal Transmission
All of the variables included in Table 2 (except for infant stomatitis, of which no cases were
observed in the study population) were evaluated for associations with late postnatal
transmission (Table 3). Lower maternal CD4+ counts (at enrollment and at 36 weeks gestation)
and higher viral loads (plasma and cervicovaginal fluid at enrollment) were most strongly
associated with late postnatal transmission. Multivariate modeling included all variables in
Table 3, except for maternal CD4+ count at 36 weeks (since data regarding this variable were
missing for a large proportion of women, and since this variable was highly correlated with
maternal CD4+ count at enrollment). Factors associated with late postnatal transmission in the
final multivariate model were lower maternal CD4+ counts and higher maternal plasma viral
loads at enrollment (Table 4).

DISCUSSION
Among this large population of HIV-1-infected women and their infants in three sub-Saharan
African countries, almost all of whom received perinatal transmission prophylaxis with
nevirapine, the overall transmission rate through 12 months after birth was 20.4%. Among
those HIV-1-infected infants with known timing of infection (382/404), an estimated 22% of
infections occurred during the late postnatal period. Overall, 6.9% of infants with negative
HIV-1 diagnostic assay results at 6 weeks of age acquired HIV-1 infection by 12 months of
age. Lower maternal CD4+ cell counts and higher maternal plasma HIV-1 RNA concentrations
were independently associated with an increased risk of late postnatal transmission of HIV-1.

Our estimates of the proportion of HIV-1 infections occurring during the late postnatal period
and of the cumulative probability of late postnatal transmission of HIV-1 by 12 months of age
are quite consistent with the results of the very large individual patient data meta-analysis of
data from clinical trials conducted in sub-Saharan Africa (3). Although previously identified
as risk factors for mother-to-child transmission of HIV-1 (3,8–9), maternal age, parity, infant
birth weight, and infant gender were not independent risk factors for breastfeeding transmission
in our analyses. Our results confirm previous reports suggesting that more advanced maternal
disease stage, as manifested by low CD4+ absolute lymphocyte counts, is an independent risk
factor for postnatal transmission of HIV-1 (10–13). The HIV-1 RNA concentration in
cervicovaginal fluid was not a significant risk factor for transmission in this analysis. However,
our results confirm that a higher maternal plasma viral load, previously associated with in
utero or intrapartum transmission of HIV-1 (10,13–15) as well as breastfeeding transmission
of HIV-1 (11,15–16), is an independent risk factor for postnatal transmission of HIV-1 through
breastfeeding.

Limitations of our analysis should be considered. First, the participating sites in the HIVNET
024 clinical trial were all located in urban areas, while most of the population of sub-Saharan
Africa lives in rural areas where breastfeeding continues for a longer period. Thus, the risk of
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mother-to-child transmission of HIV-1 due to late postnatal transmission in this analysis may
represent an underestimate. Although it is of interest because of previously reported
associations with transmission through breastfeeding, type of feeding (exclusive breastfeeding
vs. mixed breastfeeding) could not be examined since such information was not collected
systematically as part of the HIVNET 024 clinical trial.

The implications of the results of this analysis are two-fold. First, because the risk of
transmission through breastfeeding is increased among women with more advanced HIV-1
disease (as manifested by lower CD4+ cell counts and higher plasma HIV-1 RNA
concentrations), efforts to increase access to antiretroviral therapy for HIV-1-infected women,
including pregnant women, should be supported. Second, the substantial proportion of mother-
to-child transmission of HIV-1 due to breastfeeding serves to emphasize the importance of
preventing such transmission. Interventions to reduce the risk of transmission of HIV-1 through
breast milk are being developed and evaluated (17). For example, clinical trials regarding
antiretroviral prophylaxis administered to HIV-1-infected mothers and/or their infants during
breastfeeding are underway. Making efficacious and effective interventions to prevent breast
milk transmission of HIV-1 available, and conducting research regarding the mechanisms of
breast milk transmission, are essential to reduce the risk of transmission of HIV-1 through
breastfeeding.
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Figure 1.
Kaplan Meier curves depicting the proportion of infants who were breastfeeding at different
time points during the first 12 months of life, according to clinical site.
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Table 4
Final Multivariate Model – Factors Associated with Late Postnatal Transmission of HIV-1*

Characteristic Category
Hazard Ratio

(95%CI) P-value

Maternal CD4 count at enrollment
(cells/mm3) < 200 4.82 (1.96, 11.88) 0.0006

200–499 2.17 (0.91, 5.18) 0.0824

≥ 500 1.00

Maternal plasma viral load at
enrollment (copies/mL) < 10,000 1.00

≥ 10,000, <50,000 4.34 (1.66, 11.36) 0.0028

≥ 50,000 8.85 (3.40, 23.03) <.0001

*
Model stratified by site.
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