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Abstract

Objective—To characterize timing and determinants of mother-to-child transmission (MTCT) of
HIV among mothers receiving single-dose nevirapine to prevent MTCT in Nigeria.

Methods—371 HIV-infected mothers and their infants were followed from birth, at 1 week, at 1-,
3-,6-, and 12 months. Risks of in-utero (1U), intrapartum (IP/EPP), and postnatal (PP) transmission
were quantified using conditional Cox’s regressions.

Results—Maternal viral-load was the only risk factor for 1U transmission after controlling for
known risk factors. Low birthweight, premature birth, mixed-feeding, and maternal viral-load were
associated with IP/EPP transmission. Increased PP transmission was associated with low birthweight
and mixed-feeding. At 6 months, mixed-fed infants were more likely to acquire infection than
formula-fed children (Hazard ratio=5.74, 1.26-26.2).

Conclusion—Risk factors for in-utero transmission were different from those of intrapartum and
postnatal transmission. Reducing mixed feeding and low birthweight delivery among HIV-infected
mothers can further decrease intrapartum and postnatal transmission.
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INTRODUCTION

The risk of mother-to-child transmission of human immunodeficiency virus (HIV) has been
linked to severe maternal immune status[1], high maternal HIV-1 viral load[2], presence of
sexually transmitted infections during pregnancy|[3], prolonged duration of membrane rupture
[1,4], vaginal delivery[5], and mixed infant feeding[6-8].

In severely HIV-affected Nigeria, it is estimated that between 63,000 to 125,000 infants each
year acquire HIV from their mothers[9]. It is also estimated that 315,000 to 625,000 children
are born annually to HIV-infected mothers[10]. Current evidence indicates that 70-90% of
women in the Nigerian Prevention of Mother-to-Child Transmission (PMTCT) program opt
for replacement feeding[10].
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Mother-to-child transmission can occur in uterine (in-utero), during delivery (intrapartum), or
after birth (postnatally) through breastfeeding. Different factors influence HIV-1 transmission
during each of these periods, and hence interventions to reduce transmission during each of
these periods also require different strategies. If some risk factors differ, combining in-utero
cases with intrapartum or postnatal cases could lead to an underestimation of the impact of
some risk factors and perhaps failure to identify others. Herein, we used data from a defined
cohort established to evaluate the PMTCT program in order to identify distinct risk factors for
in-utero, intrapartum, and postnatal transmission in Nigeria.

Study design

Between April 2004 and March 2006, 13,032 pregnant women were screened for HIV-1 at
Plateau State Specialist Hospital (PSSH) antenatal clinic in Jos, Nigeria. Of the 593 HIV-
infected pregnant women enrolled, 391 (65.9%) returned to the facility to receive intrapartum
and postnatal care. Written informed consent was obtained from each woman prior to
enrollment in accordance with approvals from the University of Maryland Institutional Review
Board and the PSSH Ethics Committee.

Single-dose nevirapine was provided for all HIV-infected women (200 mg tablet) at the onset
of labor and to the neonate (2 mg/kg) by 48 hours of life according to the Nigerian National
guideline at the time.

Detailed medical history, physical examination, and 10ml blood were obtained by trained
physicians and nurse counselor. Obstetric data were abstracted from medical records.
Gestational age at birth was determined by physicians using a combination of uterine fundal
height and menstrual history in addition to infant birth examination; sonography was not
available. CD4+ lymphocyte count and HIV-1 ribonucleic acid (RNA) level were measured
at booking/enrollment and delivery. Follow-up visits for both mother and child with 2-5ml
blood draw for the child occurred at 1 week and at 1, 3, 6, and 12 months post-delivery.

For mothers who chose formula feeding, nutrition counselors provided education and training
before discharge and again at 1 week after delivery on cleaning, sterilizing, and storing feeding
and preparation equipments for both bottle-feeding and cup-feeding methods. A 6-month
supply of commercial infant formula was offered free. For mothers who chose exclusive
breastfeeding, counselors provided education on the importance of early weaning before 4-6
months.

Questionnaires on feeding practices in the past 24 hours, in the past one week, and since the
last visit were collected at each visit. Cumulative feeding patterns over visits from birth to the
first 6 months of age were then summarized. Exclusive breastfeeding was defined as the infant
receiving only breastmilk from birth to 6 months of age from his/her mother and no other
liquids or solids, with the exception of drops or syrups consisting of vitamins, mineral
supplements, or drugs. Formula feeding was defined as provision of infant formula and the
exclusion of all breastfeeding during the first 6 months of age. Mixed breastfeeding was defined
as giving breast milk with non-human milk or solids[11] at any time during the first 6 months
of age.

Because our study was initiated before the availability of pediatric ARV treatment in Nigeria,
none of our infants received antiretroviral therapy for their infection.
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Laboratory methods

Maternal samples at enrollment were screened for HIV-1 antibodies by enzyme-linked
immunosorbent assay (ELISA,; Vironostica, BioMerieux) and confirmed by Western blot
(Immunetics, Boston).

Real-time early infant diagnosis was not yet available at the time. Infant HIV status was
established retrospectively on stored samples using Roche Amplicor version 1.5 qualitative
HIV-deoxyribonucleic acid (DNA) and quantitative HIV-RNA polymerase chain reaction
(PCR) assays (Roche Diagnostics System). At month 12, the HIV-1 serostatus of the child was
determined by ELISA testing, with positive results confirmed using a second ELISA or a
Western blot. If HIV serology was positive at 12 months, earlier infant samples were tested by
PCR to establish timing of infection. Infants were regarded as HIV-infected if two samples
were positive for HIV-DNA or -RNA. If HIV-DNA or -RNA was not detectable or if HIV
serology was negative at month 12, the infant was regarded as HIV-uninfected.

Statistical methods

The estimated time of HIV acquisition was taken to be the midpoint between the dates of the
last negative test and the first positive test. Presumed time of transmission was categorized into
the following time of transmission groups: positive between 0-7 days (in-utero-1U), positive
between >7-30 days (mostly intrapartum may include early postnatal-1P/EPP), and positive
after >30 days (postnatal-PP).

In the analysis for risk of in-utero transmission, data from all mother-infant pairs were
considered. In the analysis for risk of IP/EPP, the analysis was conditioned on HIV-free
survival at 7 days of age (i.e. excluding in-utero infected infant). In the analysis for PP
transmission, the analysis was conditioned on HIV-free survival at 1 month by excluding both
in-utero infected and intrapartum/early post-natal infected infants.

Cumulative transmission in the first 6 and 12 months of life was assessed by Kaplan-Meier
analysis and association with maternal and infant variables was quantified in a Cox regression
analysis. Cox regression analysis was used in model fittings and in examining for differential
loss to follow-up. The model included covariates significant at p< 0.1 in univariate analyses
and known risk factors for MTCT regardless of their level of significance. A backward
elimination procedure was used to create the most parsimonious model. To control for
confounding, variables that alter any significant relative hazards by > 20% was retained. We
assessed the proportional hazards assumption with log-log plots and regression of the
Schoenfeld residuals; the goodness of fit was assessed by log-likelihood test.

RESULTS

Study population

Of 391 deliveries, there were 380 live births and 11 stillbirths (2.8%). A total of 389 deliveries
were spontaneous vaginal deliveries. There were 9 live-born twins pairs. We based our analysis
on 371 first singleton live-births. Mean maternal age at enrollment was 27.3 years. Mean
gestational age at enrollment was 25.9 weeks with 72.1% of the women enrolled before 32
weeks of gestation.

Infant feeding

At the time of discharge, 263 (71.7%) mothers opted for exclusive formula feeding and 104
(28.3%) mothers chose exclusive breastfeeding. By 6 months, 74 (71.1%) mothers reported
maintaining exclusive breastfeeding, 211 (80.2%) mothers reported maintaining formula
feeding, and 82 mothers reported mixed feeding. Of the 82 mixed feeding mothers, 52 (63.4%)
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intended to formula feed and 30 (37.6%) intended to exclusively breastfeed at the time of
discharge. Differences between the feeding groups are summarized in Table 1.

Mother-to-child transmission before 6 months of age

Risk factors

Risk factors

Risk factors

Fifty infants acquired the virus from their mothers with an overall transmission rate of 13.5%;
17 (34.0%) infants were infected in-utero, 15 (30.0%) were infected intrapartum, and 18
(36.0%) were infected postnatally. At 1 month, 32 of infants were positive by PCR, giving a
transmission rate of 8.6% (95%ClI, 5.7-11.4). Of 74 exclusively breastfed infants, 8.1% (95%
Cl, 1.9-14.3) were infected by 6 months. For infants who were continuously formula-fed, a
transmission rate of 9.5% (95% ClI, 5.6-13.4) was observed (Figure 1). Among infants who
were breastfed but also received formula, transmission rates of 29.2% were observed. In
univariate analyses, maternal CD4 <200, high maternal viral load closest to delivery, birth
weight less than 2.5 kg, duration of membrane rupture for more than 6 hours, and mixed feeding
were associated with increased transmission. Maternal and neonatal single-dose nevirapine
were not associated with transmission. Transmission rate among 46 mixed-fed infants whose
mothers had CD4 counts <200 was 34.1% (14 of 41) compared with 12.7% (14 of 110) among
mothers with CD4 counts <200 who used formula (p=0.001). For those mothers with CD4
>200, there was no association between mixed feeding compared to formula feeding and
transmission (7.9% vs. 8.2%, respectively, p=0.68).

for in-utero transmission (17/371; 4.5%)

In-utero transmission was significantly associated (Table 2) with maternal CD4<200 (6.9%
vs. 1.6%, p=0.013) and high maternal viral load (pieng=0.024). In addition, there was a
borderline association with prolonged duration of ruptured membrane (8.2% for >6 hours vs.
3.6% for <6 hours, p=0.079) and low birthweight (p=0.062). In the multivariate analysis (Table
3) controlling for viral load, maternal CD4 counts were no longer significantly associated with
in-utero transmission.

for intrapartum/early postnatal transmission (15/354; 4.2%)

High maternal viral load (pyeng=0.046), infant gestational age <37 weeks (14.8% vs. 3.4%,
p=0.023), and prolonged duration of ruptured membrane (9.0% vs. 3.0%, p=0.023) were
strongly associated with risk of IP/EPP transmission (Table 2). Higher IP/EPP transmission
was observed for 66 women who were mixed feeding within the first 30 days compared to
women who either formula fed or exclusively breastfed their babies (12.0% vs. 2.2%, p=0.014).
In the multivariate analysis (Table 3), risk of transmission was strongly associated with mixed
feeding (HR=36.5) compared to formula feeding), low birthweight (HR=9.8), and premature
birth (HR=8.4).

for postnatal transmission (18/339; 5.3%)

Increased risk of postnatal transmission was associated with mixed feeding compared to
formula feeding (Table 2, 12.1% vs. 3.5%, p=0.015). The rates of in-utero, intrapartum, and
postnatal transmission for mothers who used formula remained similar, ranging from 3.8% to
3.5%, whereas postnatal transmission rate for mothers who breastfed increased significantly
from 1.4% in the intrapartum/early postnatal period to 4.2% in the postnatal period. In the
multivariate analysis (Table 3), mixed-feeding and low birthweight were independently
associated with increased postnatal transmission.

DISCUSSION

To our knowledge, findings from the Nigerian PMTCT program — one of the largest PMTCT
programs globally — are limited. Our current findings, which were derived from a cohort
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established to monitor and evaluate the Nigerian program, provide important insights into the
timing-specific determinants of mother-to-child transmission of HIV that are important for
prevention strategies for both mother and child. Even in the setting where breastfeeding is
universal and intention to formula feed is high, our finding shows that mixed feeding is
prevalent and is associated with a higher risk of transmission throughout the intrapartum and
postnatal periods. Although sample size in the exclusively breastfed group was small, we found
no difference in transmission risk between formula-fed and exclusively breastfed infants.

The negative impact of mixed feeding on increased transmission was seen as early as 7 days
post-delivery and is consistent with finding from two other studies[7,8]. We also found that
transmission in the first 6 months of infant’s life was highest among the mothers with CD4
<200 who mixed fed. Mothers who chose to breastfeed but became sicker postnatally often
defaulted to mixed-feeding. This practice carries the highest risk of transmission and highlights
the importance of ensuring linkage to HIV treatment program while reinforcing support for
the feeding choice by the mothers. For women who initially chose formula feeding but mixed
fed, social stigma, family pressure and lack of partner support were often reported. From our
data, 19.3% “failed” to comply with formula feeding practice at 6 months. In setting where
breastfeeding is considered the norm but exclusive breastfeeding is not common, formula
feeding is seen as a behavior of a mother who is sick or infected with HIV and highlights the
need to have on-going support system.

Given the provision of ARV prophylaxis as the standard of care, our study was not designed
nor powered to examine the effectiveness of the prophylaxis provided. Combination short-
course antiretroviral (ARV) prophylaxis was adopted by the Nigerian Government in January
2007[10]. Two randomized trials[12,13] were recently reported that definitively demonstrated
the safety and efficacy of extended infant prophylaxis to reduce postnatal transmission.
Although these findings highlight further decrease in transmission associated with
breastfeeding that can be achieved with longer prophylaxis, further analyses are warranted to
examine the elevated risk associated with mixed feeding within these settings since the
damages to the intestinal mucosa from early introduction of other foods or non-human milk
can still lead to increased gut permeability for viral entry and increased immune activation.

One in 10 infants in our study was born preterm. The association between preterm delivery
and IP/EPP transmission and not in-utero transmission after adjusting for other risk factors
observed in our study has also been reported by others[14-16], suggesting increased
susceptibility of premature infants to HIV-infection that could result from immature immune
system[17,18], immature mucosal barriers[19], and low levels of maternal neutralizing
antibodies[20]. We also found transmission risk associated with low birthweight that persisted
into the postnatal period after controlling for maternal viral load and is independent from the
effect of feeding, underscoring the important role of early and continuing antenatal care for
good pregnancy outcomes for HIV-seropositive women.

A limitation to our study is our definition of in-utero and intrapartum transmission, which used
the 7-day cutoff from the referent time of delivery. Sensitivity of HIV-1 DNA PCR increases
rapidly in the first week of life[21,22] and shorter time intervals using the 2 day cutoff, as
proposed by Bryson et al.[23], is better able to distinguish intrauterine from intrapartum
infection within the context of timing-specific risk factors[14,15]. Nonetheless, our findings
are consistent with current knowledge of the mechanisms of mother-to-child transmission.
Factors that relate to gestation development (e.g. severe maternal immune status) affected only
in-utero transmission, whereas factors that relate to the labor and delivery period (e.g.
membrane rupture and prematurity) affected only intrapartum transmission. It is possible that
mothers, who were identified as having formula-fed, may have mixed fed but did not disclose
the practice to the nurse counselors due to social undesirability. However, because of our
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retrospective testing for HIV infection, this misclassification would have been non-differential
with respect to transmission. Lastly, the small sample sizes for the breastfed and mixed-fed
groups could limit the precision of our risk estimates.

In summary, our study confirms the importance of recognizing the timing of MTCT. In-
utero transmission appears largely to be a function of maternal viral load while intrapartum/
early postnatal transmission suggests that both viral and host factors play a role. To prevent
in-utero transmission, initiation of antiretroviral prophylaxis earlier in pregnancy—especially
for women who require antiretrovirals for their own clinical indications—is crucial. At the time
of labor and delivery, provision of antiretrovirals and the reduction of exposure time to
membrane rupture are important. Reducing preterm and low birth weight deliveries through
improved prenatal could also be effective in reducing transmission in the intrapartum and early
postnatal periods. Reinforcing exclusive feeding, either breastmilk or formula, through
effective counseling support and minimizing mixed feeding in early months of life while
increasing the potency and duration of neonatal antiretroviral prophylaxis is of paramount
importance during the postnatal period.

Synopsis

Characterizing timing-specific risk factors for mother-to-child transmission in Nigeria and
their relations to infant feeding practices
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Fig. 1.

Kaplan-Meier curves for time to HIV-1 infection during the first 6 months of life for infants
who were breastfed (solid line), formula-fed (large dash line), and mixed fed (small dash line).
Vertical lines denote censored observations.
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