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Abstract
Objectives—To determine the impact of time between initiating highly active antiretroviral
therapy (HAART) and delivery – duration of antenatal HAART – on perinatal HIV infection.

Design—We conducted a retrospective cohort analysis of pregnant HIV-infected women in
Lusaka, Zambia. Women in our cohort were receiving HAART and had an infant HIV polymerase
chain reaction (PCR) test between 3 and 12 weeks of life.

Methods—We examined factors associated with infant HIV infection and performed a locally
weighted regression analysis to examine the effect of duration of antenatal HAART on perinatal
HIV infection.

Results—From January 2007 to March 2010, 1,813 HIV-infected pregnant women met inclusion
criteria. Mean gestational age at first antenatal visit was 21 weeks (standard deviation (SD)+/−6),
median CD4+ cell count was 231 cells/uL (interquartile range (IQR) 164 – 329), and median
duration of antenatal HAART was 13 weeks (IQR 8 – 19). 59 (3.3%) infants were HIV-infected.
Duration of antenatal HAART was the most important predictor of perinatal HIV transmission.
Compared to women initiating HAART at least 13 weeks prior to delivery, women on HAART for
≤ 4 weeks had a 5.2-fold increased odds of HIV transmission (95% confidence interval (CI): 2.5 –
11.0). Locally weighted regression analysis suggested limited additional prophylactic benefit
beyond 13 weeks on antenatal HAART.

Conclusions—Low rates of mother-to-child HIV transmission can be achieved within
programmatic settings in Africa. Maximal effectiveness of prevention of mother-to-child
transmission (PMTCT) programs is achieved by initiating HAART at least 13 weeks prior to
delivery.
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INTRODUCTION
Of the more than 400,000 new pediatric HIV infections reported in 2008, the majority
occurred in sub-Saharan Africa [1]. Maternal prophylaxis with highly active antiretroviral
therapy (HAART) has been shown to dramatically reduce the risk of mother-to-child HIV
transmission even if a woman chooses to breastfeed [2–5]. Current World Health
Organization (WHO) guidelines recommend that all pregnant women whose CD4+ count is
< 350 cells/uL commence HAART. In resource-limited settings, identification of mothers
who are candidates for HAART and/or prophylaxis to prevent mother-to-child HIV
transmission must typically be achieved within four or fewer antenatal care visits. However,
the complexity of the PMTCT cascade – from identification of HIV-infected pregnant
women to initiation of antiretroviral prophylaxis or treatment – often results in missed
opportunities for intervention [6, 7].

For women receiving HAART during pregnancy and the breastfeeding period, maternal HIV
viral load is among the most important predictors of perinatal transmission risk [8, 9]. Viral
suppression is thus a central goal of antiretroviral therapy for PMTCT. Where available,
HIV viral load monitoring is used to guide clinical management during pregnancy and to
inform recommendations regarding mode of delivery. In sub-Saharan African settings, viral
load monitoring is not commonly available as these assays are costly and require well-
established laboratory infrastructure [10].

Although the common clinical practice is to start HAART in pregnancy as soon as a woman
is determined to be eligible for therapy, the threshold duration of antenatal HAART required
for maximal PMTCT benefit remains unclear. A European Collaborative Study showed that
93.4% (95% CI 66.0 – 99.0) of women receiving nevirapine-containing HAART achieved
viral suppression by 15 weeks [11]. A subsequent study of South African women initiating
HAART during pregnancy demonstrated that each additional week of treatment reduced the
odds of perinatal HIV transmission by 8% [12]. These findings are similar to previously
reported data from a French Perinatal Cohort in which a 6% reduction in the odds of
perinatal HIV transmission was reported for each additional week of treatment with HAART
during pregnancies delivered at term [13]. We report the findings of a retrospective cohort
analysis in which we investigated the optimal time at which HAART should be initiated in
pregnancy to maximize PMTCT effectiveness.

METHODS
We conducted a retrospective cohort analysis of pregnant HIV-infected women attending
public antenatal care clinics in Lusaka, Zambia. Routine HIV screening is performed in
antenatal clinics and the district’s “opt-out” HIV testing policy has resulted in over 90% of
women being screened for HIV in recent years [14]. In addition, CD4+ cell counts are
routinely obtained on HIV-infected pregnant women to assess eligibility for maternal
HAART [15]. Pregnant women receive HAART either in HIV treatment clinics or in
antenatal clinics with integrated antiretroviral treatment (ART) services. An electronic
medical record system, the Zambia Electronic Perinatal Record System (ZEPRS), has been
in use in Lusaka’s public antenatal care clinics since 2006 and collects comprehensive
medical information on mothers and newborns up to 6 weeks of age.

Women who began HAART either prior to or during pregnancy were eligible for inclusion
in this analysis. However, we restricted inclusion in the analysis to those women on HAART
whose infant had been PCR tested between 3 and 12 weeks of life. In the case of multiple
gestation, we restricted our analysis to the first-born child. We ascertained obstetric history,
gestational age at initiation of antenatal care, results of lab tests (hemoglobin, syphilis, and
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CD4+ cell count), gestational age at delivery, and infant birth weight through review of
ZEPRS records. Gestational age was calculated by last menstrual period for pregnancies less
than 20 weeks at time of enrollment into antenatal care. For those at or over 20 weeks at
enrollment, both last menstrual period and symphysis-fundal height were used. If these two
methods yielded gestational ages within three weeks of each other, the date based on the last
menstrual period was used. If not, the fundal height-derived gestational age was used. Dates
of HAART initiation were also determined through ZEPRS review. We categorized duration
on HAART as being ≤ 4 weeks, 5 – 8 weeks, 9 – 12 weeks, or ≥ 13 weeks.

Our primary outcome was infant HIV infection, assessed by PCR performed on dried blood
spots using the Abbott M2000 assay (Abbott Laboratories, Abbott Park, Illinois). We
investigated predictors of mother-to-child HIV transmission in separate logistic regression
models. In addition to maternal age and infant weight at delivery, variables for maternal
characteristics statistically significant in univariable analyses (p ≤ 0.05) were included in a
multivariable logistical regression model. In addition, we used a generalized additive model
with a locally weighted regression to graphically depict the relationship between duration of
antenatal HAART and HIV transmission. This analysis was restricted to women who
initiated HAART during pregnancy. All statistical analyses were performed using SAS
version 9.1.3 (SAS Institute Inc, Cary, North Carolina). Ethical approval for this analysis of
routinely collected clinical data was obtained from the University of Zambia Biomedical
Research Ethics Committee (Lusaka, Zambia) and the University of Alabama at
Birmingham Institutional Review Board (Birmingham, AL, USA).

RESULTS
Between January 2007 and March 2010, 4,254 live births in Lusaka district clinics were
recorded among HIV-infected mothers on HAART. 1,813 mother-infant pairs had early
infant diagnosis HIV PCR results documented and met inclusion criteria for this analysis.
The mean age was 29 years (SD +/− 5 years) and nearly half of the women (48.4%) had
completed some secondary or tertiary education. Most women in our cohort were married
(93.4%) and had previously been pregnant (85.7%). The mean gestational age at first
antenatal care visits was 21 weeks (SD +/− 6 weeks). The mean hemoglobin result was 11.0
g/dL (SD +/− 1.6 g/dL) and 72.6% of women had a negative syphilis screen at their first
antenatal visit. Approximately half (52.8%) of the women in our cohort had a CD4+ count <
350 cells/uL at entry into antenatal care (Table 1).

59 of 1,813 (3.3%; 95% CI 2.5 – 4.2%) infants were HIV-infected at the time of their
earliest PCR result (3 – 12 weeks of life). In univariable analysis, the odds of HIV
transmission were elevated among women with unknown educational status (odds ratio
(OR) 2.3; 95% CI 1.1 – 4.8), hemoglobin concentration ≤ 8.0 – 9.9 g/dL (OR 2.5; 95% CI
1.2 – 5.0), CD4+ cell count <200 cells/uL (OR 3.5; 95% CI 1.2 – 10.2), and those who
screened positive for syphilis (OR 4.4; 95% CI 1.7 – 11.9). Additionally, the odds of
mother-to-child HIV transmission was markedly elevated among women who had initiated
HAART four or fewer weeks prior to delivery compared to women who had initiated
HAART at least 13 weeks prior to delivery (OR 4.3; 95% CI 2.3 – 8.1).

In multivariable analysis, a short duration of antenatal HAART (i.e., ≤ 4 weeks) compared
to an interval of at least 13 weeks (adjusted odds ratio (AOR) 5.2; 95% CI 2.6 – 11.7) and a
positive syphilis screen compared to a negative one (AOR 3.8; 95% CI 1.3 – 10.7) remained
associated with higher odds of mother-to-child HIV transmission. We also observed a trend
towards increased odds of mother-to-child HIV transmission among women starting
HAART 5 – 8 weeks prior to delivery (AOR 2.0; 95% CI 0.8 – 5.1) and 9 – 12 weeks prior
to delivery (AOR 1.8; 95% CI 0.7 – 4.8). However, this trend was not statistically
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significant. A locally weighted regression line generated with a generalized additive model
suggested limited additional benefit beyond 13 weeks on HAART during the antenatal
period (Figure 1). An exploratory analysis limited to women on HAART for fewer than 13
weeks demonstrated that for each additional week on HAART prior to delivery the odds of
mother-to-child HIV transmission were reduced by 14% (OR 0.86; 95% CI 0.77 – 0.96).

DISCUSSION
In this cohort analysis of women on antenatal HAART, we observed an encouragingly low
overall mother-to-child HIV transmission rate of 3.3% (95% CI 2.5 – 4.2%) between 3 and
12 weeks of life. The most important predictor of vertical HIV transmission in this cohort
was time on HAART prior to delivery. Women who received HAART for four or fewer
weeks during pregnancy had a 5.2-fold increased odds of transmitting HIV to their infants
compared to women on HAART for at least 13 weeks. A positive syphilis screen during
pregnancy was also found to be an independent risk factor for mother-to-child HIV
transmission (AOR 3.8; 95% CI 1.3 – 10.7). This association is consistent with findings
previously reported in a Malawian PMTCT study in which the risk of perinatal HIV
transmission was 2 – 3 times higher among women diagnosed with syphilis [16].

The Zambia Exclusive Breastfeeding Study demonstrated that nearly 70% of HIV-infected
women enrolled in antenatal care in Lusaka meet current criteria for initiation of HAART
[17, 18]. In many developing country settings, women commonly present for antenatal care
in the second trimester, which would allow adequate time for initiation of HAART.
However, delays in CD4+ cell triage and in linking HIV-infected mothers with PMTCT and
HIV treatment services commonly result in suboptimal prophylaxis and preventable
perinatal HIV infections [19]. Our study highlights the importance of encouraging women to
seek antenatal care early in pregnancy and instilling a sense of urgency in providers to
determine eligibility for HAART and initiate treatment in a timely manner. Design and
implementation of programs that support routine HIV counseling and testing (e.g., “opt-out”
testing) [20, 21] and improvements in clinical and laboratory services are critically
important for program success. Additional strategies to improve management of HIV-
infection in pregnancy and reduce perinatal HIV transmission may include point of care
CD4+ cell counts [22], integration of ART services into antenatal clinic settings, and
credentialing non-physician providers (such as nurses or midwives) to prescribe HAART
[23–25]. Enhancing antenatal care services, promoting prevention, screening, and treatment
of preventable conditions such as syphilis and anemia could also improve women’s health
and decrease perinatal HIV transmissions.

The strengths of our study include its large sample size and use of a robust electronic
medical record. Our results are limited by the absence of routine ultrasonography confirming
gestational age and routine data on plasma viral load, neither of which is widely available in
Zambia. Where accessible, viral load monitoring may be used to guide HIV management
and decisions regarding mode of delivery in order to further minimize risk of vertical HIV
transmission. However, in the common circumstances where viral load monitoring is neither
readily available nor affordable, pregnant women should initiate HAART at least 4 weeks
prior to delivery to optimally reduce mother-to-child HIV transmission.

Our study confirms that, in the era of HAART, rates of perinatal HIV transmission below
5% can be achieved in African settings. In order to maximize PMTCT effectiveness,
however, women eligible for HAART should receive at least 4 weeks – and preferably 13
weeks – of treatment prior delivery. To achieve this, PMTCT and ART services will need to
be substantially improved and expanded.
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Figure 1.
Locally weighted regression line depicting the association between duration of antenatal
HAART and HIV transmission. (Note: This analysis is restricted to women who initiated
HAART during pregnancy.)
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