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Abstract
Objective: To determine the predictors for early versus later (breastfeeding) transmission of
HIV-1.
Methods: Secondary data analysis was performed on HIV Network for Prevention Trials 012, a
completed randomized clinical trial assessing the relative efficacy of nevirapine (NVP) versus
zidovudine in reducing mother-to-child transmission (MTCT) of HIV-1. We used Cox regression
analysis to assess risk factors for MTCT. The ViroSeq HIV genotyping and a sensitive point
mutation assay were used to detect NVP resistance mutations.
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Results: In this subset analyses, 122 of 610 infants were HIV infected, of whom 99 (81.1%)
were infected early (first positive polymerase chain reaction ≤56 days). Incidence of MTCT after
56 days was low [0.7% per month (95% confidence interval, CI: 0.4 to 1.0)], but continued
through 18 months. In multivariate analyses, early MTCT “factors” included NVP versus
zidovudine (hazard ratio (HR) = 0.57, 95% CI: 0.38 to 0.86), pre-entry maternal viral load (VL,
HR = 1.76, 95% CI: 1.28 to 2.41), and CD4 cell count (HR = 1.16, 95% CI: 1.05 to 1.28).
Maternal VL (6–8 weeks) was associated with late MTCT (HR = 3.66, 95% CI: 1.78 to 7.50),
whereas maternal NVP resistance (6–8 weeks) was not.
Conclusions: Maternal VL was the best predictor of both early and late transmission. Maternal
NVP resistance at 6–8 weeks did not predict late transmission.
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Globally, pediatric HIV-1 infections remain very high with an estimated 370,000 new
infections in 2007. The vast majority (>90%) of HIV-infected children live in resourcelimited breastfeeding settings in sub-Saharan Africa, where HIV seroprevalence among
pregnant women ranges from 2% to 40%.1,2
Mother-to-child transmission (MTCT) of HIV-1 may occur during pregnancy, at labor/
delivery, or after birth through breastfeeding.3-5 Among populations where the norm is to
breast-feed into the second year, 30%–50% of all HIV MTCT is estimated to occur through
breastfeeding.6,7
Two studies have suggested that a large proportion of breast milk transmission of HIV
occurs quite early, by 1–2 months of age.7,8 A number of reports, including a meta-analysis,
have reported that there is then a low (<1% per month) but ongoing risk of transmission
throughout breast-feeding after the first 6–8 weeks post delivery.9-11
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Identified risk factors for transmission during breast-feeding include increased severity of
maternal disease, mastitis and breast abscess, mixed infant feeding, maternal seroconversion during lactation, lower maternal CD4 cell count, and higher maternal HIV viral load
(VL).12-15 HIV subtypes C and D have also been associated with an increased risk of breast
milk transmission compared with subtype A.16 However, there is a paucity of literature
addressing specific clinical and laboratory factors associated with early versus late MTCT
among breastfeeding women.
We previously reported that single-dose nevirapine (SD NVP) given to the mother in labor
and to the infant after birth compared with zidovudine (ZDV) given to the mother in labor
and to the infant daily for 1 week after birth was safe and effective for reducing the risk of
transmission of HIV-1 from mothers to their newborns (HIV Network for Prevention Trials,
HIVNET 012 study).17,18 The 4% late transmission rate (between 6 and 8 weeks and 18
months) seen in the NVP arm was substantially lower than rates attributed to late
breastfeeding in other populations, which ranged between 8% and 16%.7,8,19-21
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The follow-up of HIVNET 012 infants through 18 months of age provided a unique
opportunity to assess risk factors for early and late HIV MTCT among a group of women
and infants receiving the SD NVP regimen or an ultra-short course ZDV regimen. The
primary aims of this analysis were to (a) assess risk factors associated with early and late
HIV-1 MTCT in the HIVNET 012 trial, (b) compare these findings to those from other
perinatal HIV prevention trials, and (c) assess whether there were differences in
transmission risk in the NVP versus ZDV arms of the trial across subgroups based on CD4
cell count strata, VL strata, or the presence of maternal NVP-resistant HIV variants.

METHODS
Participants and Procedures Used in the HIVNET 012 Trial
The methods used for identification of research participants, determination of eligibility,
informed consent, randomization, data collection, and laboratory specimen processing and
testing have been described in detail elsewhere.17,18
Both Institutional Review Boards in Uganda and the United States reviewed and approved
the HIVNET 012 protocol before implementation. Written informed consent was obtained
from all study women.
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Maternal demographic and clinical information were collected at pre-entry, delivery, and 7
days and 6–8 weeks after delivery. Laboratory studies included CD4 cell counts, which were
done at pre-entry, and complete blood counts, which were done at pre-entry and delivery.
VL was determined at pre-entry, delivery, and 7 days and 6–8 weeks post delivery using the
HIV-1 RNA polymerase chain reaction (PCR) Roche AMPLICOR MONITOR assay.
Before November 1998, assays were performed using the version 1.0 kit with additional
primers to enhance the detection of non-B subtypes. After that date, the 1.5 version kit was
used.22 Antiretroviral drugs for treatment were not generally available at that time in
Uganda, and none of the women received other antiretroviral medication except for the
peripartum study drugs.
Infant demographic and clinical information were collected at birth (age 1–3 days); 7 days;
6–8 weeks; 10 weeks; 14–16 weeks; and at 6, 9, 12, and 18 months. Serum chemistries were
done at birth, 7 days, and 6–8 weeks. Complete blood counts were done at birth, 7 days, 6–8
weeks, 14 weeks, 12 months, and 18 months. CD4 cell counts were done at birth, 14 weeks,
12 months, and 18 months. Qualitative plasma HIV-1 RNA PCR assays (as described
above) were done at birth, 6–8 weeks, 14 weeks, and 12 months.
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If the HIV-1 RNA PCR test was positive, a second confirmatory test was run. Quantitative
HIV-1 RNA PCR was done subsequently for all HIV-infected children. At 18 months of
age, infants were tested for HIV-1 antibody using an enzyme immunoassay (EIA). If the
EIA was reactive, the result was confirmed by HIV-1 Western blot. Diagnosis of HIV
infection in infants was based on at least 1 positive qualitative RNA PCR result or a reactive
EIA/Western blot.
HIV Subtyping and Resistance Testing
HIV subtypes were determined for women in the NVP arm.23,24 HIV genotyping was
performed using the ViroSeq HIV Genotyping System (Celera Diagnostics, Alameda, CA),
and the K103N NVP resistance mutation was detected using a sensitive point mutation
assay, LigAmp.24,25 Analysis with the LigAmp assay was limited to women with HIV-1
subtypes A and D.
Definitions of Early and Late Transmission
Early transmission (including in utero, intrapartum, and very early postpartum transmission)
was defined as the first positive HIV RNA PCR test result obtained either before or at 56
days of age or after 56 days of age, where the midpoint between the last negative and first
positive tests was before or at 56 days of age.
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Late transmission (presumed to be due to breast milk transmission) was defined as the first
positive HIV RNA PCR test result obtained either after 56 days of age among infants who
were known to be HIV uninfected at age 56 days or after 56 days of age, where the midpoint
between the last negative and first positive tests was after 56 days of age.
Statistical Analysis
Baseline characteristics among women and their infants with early, late, or no transmission
were compared using χ2 tests and Wilcoxon rank tests. In survival analysis of early
transmission, infants who were uninfected beyond 56 days were censored at day 56. Infants
whose midpoint of last negative and first positive test results was on or before 56 days were
considered to be HIV infected and the event time was set to the midpoint. Those whose
midpoint of last negative and first positive test result was after 56 days were considered as
uninfected in regard to early transmission and were censored at the last negative test result.
The event time for all other infected infants was set to the age when they first tested
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positive. In survival analysis of late transmission, all infants not infected by 56 days were
included. Analyses to evaluate predictors of both early and late HIV transmission were
conducted using univariate and multivariate Cox regression models. In the univariate
analyses, factors were considered if they had been associated with HIV transmission in
previous studies or were biologically plausible.
Subgroup analyses comparing transmission probabilities across the 2 arms by CD4 cell
count and VL categories were based on pre-entry CD4 cell count (<200, 200–349, 350–499,
and ≥500 cells/μL) and pre-entry or 6- to 8-week maternal VL (<500, 500–9999, 10,000–
49,999, ≥50,000 copies/mL). These analyses were conducted using Kaplan–Meier methods.
Breastfeeding HIV incidence rates and the corresponding 95% confidence intervals (CIs)
were calculated based on the person-year analysis assuming an underlying Poisson
distribution. Infants were censored on the date breastfeeding ceased.

RESULTS
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This analysis from HIVNET 012 includes 610 firstborn infants with HIV test results
available (Fig. 1). There were 122 HIV-infected infants, of which 99 (81%) had early HIV
infection and 23 (19%) were late transmissions. Fifty-six infants (46%) overall had HIV
detected at birth (in utero transmissions), 43 (35%) overall were infected within 56 days of
life (intrapartum/early breastfeeding transmissions). Of the 610 included in the early
transmission study, 114 died or were diagnosed with HIV infection at or before 56 days.
Hence, 496 were alive and free from HIV infection after 56 days; 491 of those infants had
HIV testing performed after 56 days and were included in the analysis of predictors of late
transmission. Among the 5 infants not included in the analysis, 2 died at ages 11 and 12
weeks and 3 were lost to follow-up (2 at 10 weeks and 1 at 4 months). There were 23 HIV
infections among the 491 infants included in the late HIV transmission analyses (4.7%). The
breastfeeding HIV incidence per infant month of follow-up during the late transmission
period was 0.8% (0.3%–1.7%) between 2 and 4 months, 0.6% (0.3%–1.0%) between 4 and
12 months and 0.8% (0.2%–2.3%) between 12 and 18 months. The overall (2–18 months)
HIV incidence per infant month was 0.7% (0.4%–1.0%).
HIV subtyping was performed for 297 of the 306 women enrolled in the NVP arm. The
following subtypes were identified: 156 women (52.5%) had subtype A, 7 (2.4%) had
subtype C, 104 (35.0%) had subtype D, and 30 (10.1%) had intersubtype recombinant
strains.
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The population baseline characteristics of the women and infants by infection period are
summarized in Table 1. Maternal CD4 cell count and VL at pre-entry and 6–8 weeks and
maternal age at pre-entry were significantly different for the uninfected and infected cohorts,
whereas other demographic characteristics were similar. However, the test for trends across
maternal age categories <20, 20–35, and >35 years was not statistically significant (P =
0.22). Breastfeeding practices were also significantly different among the 3 groups, with
more mothers of the infected infants choosing to continue breastfeeding.
Predictors of Early HIV Transmission
Women in the NVP arm had a significantly lower risk of early transmission than women in
the ZDV arm [hazard ratio (HR) = 0.57, 95% CI: 0.38 to 0.85]. Pre-entry maternal log10 VL
(HR = 2.11, 95% CI: 1.59 to 2.80 per unit increase) and pre-entry maternal CD4 cell count
(HR = 1.24, 95% CI: 1.13 to 1.36 per decrease of 100 cells/mm3) were significantly
associated with early transmission, whereas maternal age, duration of labor, prolonged
rupture of membranes (>4 hours or not), mode of delivery (caesarean section or not),
maternal HIV subtype (D versus A), infant sex, and low birth weight were not.
J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2009 October 26.
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In a multivariate model, maternal log10 VL (HR = 1.76, 95% CI: 1.28 to 2.41, per unit
increase), maternal CD4 cell count (HR = 1.16, 95% CI: 1.05 to 1.28, per decrease of 100
cells/mm3), and NVP compared with ZDV treatment (HR = 0.57, 95% CI: 0.38 to 0.86)
remained significant predictors of early HIV transmission (Table 2).
Predictors of Late HIV Transmission During Breastfeeding
In univariate analysis, statistically significant risk factors included 6–8 weeks postpartum
maternal log10 VL (HR = 4.95, 95% CI: 2.56 to 9.60 per unit increase), as well as pre-entry
maternal log10 VL (HR = 2.76, 95% CI: 1.51 to 5.04, per unit increase), and pre-entry
maternal CD4 cell count (HR = 1.48, 95% CI: 1.19 to 1.84, per decrease of 100 cells/mm3).
However, there was no significant difference in risk of late HIV transmission for women in
the NVP arm compared with the ZDV arm (HR = 0.69, 95% CI: 0.30 to 1.56). Maternal age,
duration of labor, prolonged rupture of membranes (>4 hours or not), mode of delivery
(caesarean section or not), maternal HIV subtype (D versus A), infant sex, and low birth
weight were not associated with an increased risk of late transmission.
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In a multivariate model, 6–8 weeks postpartum maternal log10 VL (HR = 3.66, 95% CI: 1.78
to 7.50, per unit increase) was the strongest predictor of late HIV transmission (Table 2).
Pre-entry maternal CD4 cell count had a similar HR for late and early HIV transmission
risk, although it was not statistically significant for late transmission (HR = 1.22, 95% CI:
0.98 to 1.52, per decrease of 100 cells/mm3).
NVP Resistance and Late Transmission Risk
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We assessed the potential impact of NVP resistance on late transmission risk among mothers
enrolled in the NVP arm. Fifty-eight of 239 women (24%) who had HIV genotyping results
at 6–8 weeks had detectable NVP resistance (detection of one or more NVP resistance
mutation using the ViroSeq assay). Ninety of 207 women (43%) who had K103N measured
with the more sensitive LigAmp assay at 6–8 weeks had K103N detected above the assay
cutoff (>0.5% K103N). Although there was a higher rate of late transmission among women
with NVP resistance detected with the ViroSeq system, that difference was not statistically
significant (HR = 1.68, 95% CI: 0.42 to 6.72). Similar results were obtained using the
LigAmp assay for K103N detection (HR = 4.09, 95% CI 0.82 to 20.24). In 2 separate
multivariate models, one using ViroSeq and the other LigAmp assay results, adjusting for
pre-entry maternal CD4 cell count and maternal log10 VL at 6–8 weeks, NVP resistance did
not predict late transmission (HR = 0.37, 95% CI: 0.07 to 2.04 for ViroSeq and HR = 1.37,
95% CI: 0.24 to 7.88 for LigAmp). However, in both models, maternal log10 VL at 6–8
weeks was strongly predictive of late transmission (HR = 8.87, 95% CI: 2.32 to 33.90 for
ViroSeq and HR= 7.60, 95% CI: 1.91 to 30.19 for LigAmp).
Transmission Rates by Subgroups
Figure 2 demonstrates the changes in maternal VL from delivery through the first 6–8 weeks
postpartum among women randomized to the NVP and ZDV arms. The plasma VL for
women in the ZDV arm remained stable throughout, although there was a significant drop in
plasma VL by 7 days postpartum for those in the NVP arm, which returned to baseline
levels by 6–8 weeks postpartum.
Rates of early and late HIV transmission were directly related to maternal VL and inversely
related to maternal CD4 cell count during both early and late transmission periods.
However, the transmission probabilities were substantially higher in the early relative to the
late period in all VL and CD4 cell count categories (Figs. 3A–D). There were no
transmissions among women whose pre-entry VL was <500 copies per milliliter. The lowest
maternal pre-entry VL observed among mothers with early HIV transmission occurred in a
J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2009 October 26.
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woman with 4945 HIV-1 RNA copies per milliliter. Similarly, the lowest maternal 6- to 8week VL associated with late transmission occurred in a woman with 4251 HIV-1 RNA
copies per milliliter.
The differences in early transmission between women in the NVP and ZDV arms were
consistent with an overall 43% relative efficacy across all VLs. However, because of the
substantial increase in transmission risk with increase in log10 VL, the absolute differences
in early transmission risk by treatment arm were more substantial when the VL was >50,000
RNA copies per milliliter (Fig. 3A).
Figure 3B illustrates the increase in probability of late transmission with higher baseline VL,
which cumulatively exceeds 6.5% when the VL was greater than 50,000 copies per
milliliter. Late transmission probabilities as high as 12%–17% were observed for mothers
with pre-entry CD4 counts less than 200 cells per cubic millimiter (Fig. 3D). Although the
observed probabilities of late transmission were slightly lower among women in the NVP
arm compared with those in the ZDV arm, the difference was not statistically significant.

DISCUSSION
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Analysis of risk factors for early and late HIV transmission in HIVNET 012 revealed a
number of important findings. First, most transmissions occurred early. Second, in
multivariate analyses, high pre-entry maternal VL, low CD4 cell count, and prophylaxis
regimen (ZDV versus NVP) were all predictive of early transmission, whereas only high 6to 8-week maternal VL predicted late transmission. Third, there was no transmission, either
late or early, among women with pre-entry VL < 500 HIV RNA copies per milliliter. Fourth,
SD NVP halved the risk of early HIV transmission compared with the ultra-short course
ZDV regimen after adjustment for CD4 and VL, including among those mothers with high
VL and low CD4 cell count. There was no evidence that maternal NVP resistance at 6–8
weeks was independently associated with risk of late transmission, using either a standard
genotyping assay or a sensitive point mutation assay. Finally, there were no significant
differences in early or late transmission risk among women with HIV subtypes A and D.
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The majority (>80%) of infant infections occurred early, by 56 days of age. About twothirds of the early infections occurred in utero and about a third occurred from birth to 6–8
weeks, due either to intrapartum or early breast milk transmission. Other studies have shown
that a large proportion of breast milk transmission occurs by 1–2 months of age.7,8 These
studies indicate an absolute risk of transmission due to breastfeeding of between 2.7% and
4.2% per month in the early period. Providing a biological basis for these findings,
investigators in Nairobi found that the median HIV VL in colostrum and early breast milk
was higher than the median HIV VL in milk collected >14 days after birth, suggesting that a
higher breast milk VL could lead to higher transmission rates in the first weeks of life.13
Our findings of a sharp and significant decrease in maternal plasma VL by 1-week
postpartum in the NVP arm suggests a biological plausibility for the efficacy of SD NVP
relative to the ultra-short course ZDV in reducing early HIV transmission through a similar
reduction in VL in colostrum and early breast milk. Chung et al26 found significant and
sustained decreases in VL in breast milk during the first weeks postpartum among women
who had received SD NVP versus women who received ZDV. After the first 6–8 weeks
postpartum, there is a low ongoing risk of transmission of about 0.6%–0.8% per month,
which is consistent with several studies.6-11,27
We found that maternal pre-entry and 6- to 8-week VL were the strongest predictors for
early and late transmission, respectively. These results are consistent with findings from
other trials in African breastfeeding populations, reinforcing that women with either primary
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HIV infection or advanced HIV disease are most likely to transmit HIV during
breastfeeding.7,19 This supports the hypothesis that interventions aimed at either lowering
maternal VL in breast milk or giving prophylaxis to the infant during the breastfeeding
period could substantially reduce the risk of transmission.
These analyses demonstrate that SD NVP provides protection against early postpartum
transmission in women, regardless of their pre-entry HIV VL or pre-entry CD4 cell count.
However, use of SD NVP did not impact on transmission risk after 56 days, which is not
surprising, because NVP is not detectable in most women >3 weeks after SD NVP.
The greatest absolute change in risk of early transmission by drug arm (NVP versus ZDV)
was seen in women with high VL (>50,000 RNA copies/mL, pre-entry) and among women
with advanced HIV disease (CD4 cell count <200 cells/mm3). The relative lack of effect of
ZDV prophylaxis compared with NVP in women with high VL in this study is consistent
with results from a West African ZDV placebo-controlled trial.19 Late transmission risk was
similar among women in the NVP and ZDV arms, regardless of VL and CD4 cell count.
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Previously, Eshleman et al found that a subset of women who received SD NVP in HIVNET
012 had detectable NVP resistance mutations at 6–8 weeks postpartum, which persisted at
low levels in some women for years.28,29 Emergence and persistence of NVP resistance
was highly correlated with HIV subtype (D>A) and pre-NVP maternal VL.28,29 After
adjusting for 6- to 8-week maternal VL, we found no statistically significant difference in
late transmission risk among women with or without detectable NVP resistance mutations at
6–8 weeks.
There are certain caveats to these analyses. First, it is important to note that this was a
hospital-based study, performed in a major Ugandan city where the average age of
breastfeeding cessation in HIV-infected women receiving infant feeding counseling was 9
months. Thus, this report may tend to underestimate the risk of postnatal transmission in
rural settings, where women may breast-feed longer and where breastfeeding practices may
differ from those in this cohort. Also, we did not have information available on factors such
as clinical or subclinical mastitis, which have previously been shown to be risk factors for
postnatal transmission.30 Our analysis of the late transmission risk may be subject to
postrandomization bias, as infants remaining uninfected at 6–8 weeks are more likely to be
in the NVP arm, and/or to have mothers with lower VL and higher CD4 cell counts. Finally,
our failure to detect an association between HIV subtype or HIV resistance and late
transmission as well as other factors may have been limited by the sample size.
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CONCLUSIONS
There is a need for more intensive interventions to reduce in utero, intrapartum, and early
breastfeeding transmissions. New strategies are focusing on comparing use of the current
World Health Organization–recommended short-course AZT in the third trimester plus SD
NVP and a tail versus the use of maternal highly active antiretroviral therapy during the
antepartum and peripartum period. In addition, because breastfeeding remains critical for
infant health and survival in resource-limited settings with high HIV prevalence, there is an
urgent need to investigate the efficacy of maternal and infant antiretroviral regimens to
protect infants from HIV infection throughout the breastfeeding period. Either maternal
highly active antiretroviral therapy or extended infant NVP prophylaxis throughout
breastfeeding may help decrease the risk of later HIV transmission among infants in breastfeeding populations.
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FIGURE 1.

HIVNET 012 predictors of early and late transmission.
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FIGURE 2.
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Mothers' log10 HIV RNA change from delivery to week 6 by randomization arm. Box ends
represent 25th and 75th percentiles. Center horizontal line is drawn at median. Whisker ends
represent 1st and 99th percentiles.
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FIGURE 3.

Early and late HIV transmission by pre-entry maternal VL, maternal CD4 cell count, and
treatment arm.
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4.5 (0.03)
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214/583 (36.7%)

150/583 (25.7%)

23/583 (3.9%)

4.4 (0.03)

255/607 (42.0%)

152/607 (25.0%)

105/607 (17.3%)

95/607 (15.7%)

472 (10.59)

10.6 (0.06)

88/610 (14.4%)

83/585 (14.2%)

72/610 (11.8%)

213/605 (35.2%)

360/605 (59.5%)
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525/610 (86.1%)

24.6 (0.18)
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0.0600

0.9282
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P
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Yes
Yes
Yes
Yes
Yes

Low birth weight
Infant is a twin
Breastfeeding at weeks 6–8
Breastfeeding at month 12
Breastfeeding at month 18

28/58 (48.3%)

51/66 (77.3%)

89/92 (96.7%)

3/99 (3.0%)

10/99 (10.1%)

3074 (51.61)

53/99 (53.5%)

An inclusion criteria for the study were hemoglobin ≥7.5 g/dL.

ROM (rupture of membranes).

‡

†

Divorced, separated, or widowed.

*

Mean (SE)

Female

—

≥50,000

Birth weight (g)

Infant sex

Infants

Early (n = 99)
n/N (%)

Category

NIH-PA Author Manuscript
Characteristic

5/21 (23.8%)

9/22 (40.9%)

21/21 (100.0%)

0/23 (0.0%)

1/21 (4.8%)

3175 (96.42)

11/23 (47.8%)

17/23 (73.9%)

Late (n = 23)
n/N (%)

32/433 (7.4%)

135/443 (30.5%)

451/459 (98.3%)

8/488 (1.6%)

23/479 (4.8%)

3150 (19.90)

244/488 (50.0%)

178/467 (38.1%)

Uninfected (n = 488)
n/N (%)

65/512 (12.7%)

195/531 (36.7%)

561/572 (98.1%)

11/610 (1.8%)

34/599 (5.7%)

3138 (18.37)

308/610 (50.5%)

258/586 (44.0%)

Total (n = 610)
n/N (%)
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HIV Infection Period

<0.0001

<0.0001

0.5057

0.5122

0.1143

0.2914

0.7868

P
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TABLE 2

Multivariate Cox Models of Risk Factors for HIVNET 012
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Hazard Ratio (95% CI)

P

Maternal CD4 cell count (pre-entry)*

1.16 (1.05 to 1.28)

0.0031

Maternal Log10 HIV RNA (pre-entry)†

1.76 (1.28 to 2.41)

0.0004

Treatment (NVP versus ZDV)

0.57 (0.38 to 0.86)

0.0075

Maternal CD4 cell count (pre-entry)*

1.22 (0.98 to 1.52)

0.0710

Maternal Log10 HIV RNA (6–8 wks)†

3.66 (1.78 to 7.50)

0.0004

Predictors
Early HIV transmission

Late HIV transmission

*

For a decrease of 100 cells per cubic millimeter.

†

For every unit increase or an increase of Log10 HIV RNA copies per milliliter.
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