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Abstract
Background—Limited information exists about effects of different highly active antiretroviral
therapy (HAART) regimens and duration of regimens on mother-to-child transmission (MTCT) of
HIV among women in Africa who start treatment for advanced immunosuppression.

Methods—Between January 2004 to August 2008, 1,142 women were followed at antenatal
antiretroviral clinics in Johannesburg. Predictors of MTCT (positive infant HIV DNA PCR at 4-6
weeks) were assessed with multivariate logistic regression.

Results—Mean age was 30.2 years (SD=5.0) and median baseline CD4 count was 161 cells/mm3

(SD=84.3). HAART duration at time of delivery was a mean 10.7 weeks (SD=7.4) for the 85% of
women who initiated treatment during pregnancy and 93.4 weeks (SD=37.7) for those who became
pregnant on HAART. Overall MTCT rate was 4.9% (43/874), with no differences detected between
HAART regimens. MTCT rates were lower in women who became pregnant on HAART than those
initiating HAART during pregnancy (0.7% versus 5.7%; p=0.01). In the latter group, each additional
week of treatment reduced odds of transmission by 8% (95% CI: 0.87-0.99, p=0.02).

Conclusion—Late initiation of HAART is associated with increased risk of MTCT. Strategies are
needed to facilitate earlier identification of HIV-infected women.
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Introduction
Mother-to-child transmission (MTCT) rates for HIV-infected pregnant women in Africa vary
widely depending on access to and type of antiretroviral therapy (ART)(1-4). Throughout
resource-rich countries, and in middle-income countries such as Brazil, triple-drug
combination highly active antiretroviral therapy (HAART) is the standard of care for
prophylaxis in women with CD4 cell counts above current thresholds for treatment(5). In South
Africa, HAART in the public sector is reserved for pregnant women with advanced
immunosuppression (CD4 count < 200 cells/mm3), and evidence on MTCT among this subset
of women is lacking. In a variety of settings outside of Africa, women with a range of CD4
cell counts who receive HAART have rates of infant HIV infection less than 1-2%(6-8). As
HIV testing in antenatal clinics is a common entry point to care in South Africa, women with
advanced HIV infection are often only identified in pregnancy and initiated on therapy late in
gestation, with consequent high rates of HIV transmission to infants(9).

South Africa faces one of the most serious HIV epidemics, with an estimated 3.2 million women
with HIV infection, a national antenatal prevalence of 29.3%, and slow uptake of services for
the prevention of MTCT(10, 11). The South African HIV program has utilized maternal and
infant single-dose nevirapine (sdNVP) and more recently transitioned to the use of short-course
regimens with zidovudine and nevirapine for prophylaxis in pregnancy(12). Only those women
with CD4 counts <200 cells/mm3 or World Health Organization Stage 4 classification qualify
for HAART (13). For this latter group, the effect of specific HAART regimen and the duration
of regimen on MTCT is not well defined.

HIV care in South Africa has traditionally been delivered separately from antenatal services,
creating barriers to care for women of reproductive age, particularly those diagnosed with HIV
during pregnancy. We previously reported on a novel health delivery strategy of integrated
antenatal and antiretroviral clinics (ANC-ARV clinics) at Charlotte Maxeke Johannesburg
Academic Hospital and Rahima Moosa Mother and Child Hospitals in Johannesburg, designed
to expedite initiation of HAART in pregnant women with advanced immunosuppression, to
improve maternal health in these women, and to prevent infant HIV infection(14, 15). Since
publication of our experience, a number of ANC-ARV clinics have been implemented in the
region. We now report on MTCT outcomes from a combined prospective cohort from these
sites. In particular, we focus on effects of HAART regimen and duration of therapy on rates
of MTCT.

Methods
The ANC-ARV clinics receive referrals from approximately 28 clinics in Johannesburg city
and the surrounding suburbs. HIV-infected pregnant women are referred with indications for
HAART including CD4 cell counts < 250 cells/ mm3 (increased from 200 cells/mm3 early in
the program) or World Health Organization Stage 4 classification, poor obstetric history, or
conditions requiring amniocentesis. Women attending ANC-ARV clinics constitute a
prospective convenience cohort, in which HIV-infected women are enrolled and are observed
in accordance with standard clinical and laboratory practice of the South African National HIV
program(16). The primary outcome of interest for the cohort is infant HIV status.
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Women followed at these clinics from January 2004 to August 2008 were included if they were
pregnant, had a positive HIV test, and a baseline CD4 count <250 cells/mm3 or another
indication for treatment with HAART. Inclusion was open to women attending the clinic
between January 2004 and August 2008 who had received prior sdNVP, those who became
pregnant on HAART, as well as those who initiated HAART during pregnancy. Women were
followed at the ANC-ARV clinics throughout pregnancy until 4-6 weeks postpartum when
infant HIV testing was performed (HIV-1 DNA Roche Amplicor). After infant HIV status was
determined, women and infants were referred to HIV clinics within the community for long-
term follow-up.

Data collected at each visit was entered in an ACCESS database (Microsoft 2003) and included
demographics, laboratory values, HAART regimens, and pregnancy complications. Prolonged
rupture of membranes (PROM) was defined by duration greater than 12 hours. Data on maternal
mortality (both related and unrelated to pregnancy) have been published previously by the
Charlotte Maxeke Johannesburg Academic Hospital(17). Maternal outcome data were not
recorded by the Rahima Moosa Mother and Child Hospital. Caesarian section is not performed
for prevention of MTCT in South Africa but is done for obstetric indications only. When
available, details of mode of delivery, infant weight, and infant HIV status were recorded. CD4
cell counts were collected at baseline and per South African HIV Guidelines monitored every
6 months. In the study period, HIV viral load was not routinely monitored and is therefore not
included in analysis. Data from ACCESS was transferred into STATA (version 9; StataCorp,
College Station, TX).

Univariate and multivariate logistic regression were used to determine predictors of infant HIV
infection among women who started HAART during pregnancy. HIV infection in one or more
infants of a multiple birth was counted as a single transmission. Variables associated with
outcome (p<0.15) were included in the initial model and retained if their removal markedly
altered the model fit. Regimen duration and type were forced into the model. In this same
group, Student's t-tests and chi square tests were performed to determine characteristics of
women and infants with incomplete information. Differences were also assessed in women
who became pregnant on HAART and those who started HAART during pregnancy. Fisher's
exact test was utilized for analysis of categorical variables with sparse data and Wilcoxan rank
sum was performed when data were skewed. The study was approved by the institutional Ethics
Committee of the University of the Witwatersrand (protocol number M070438/M050445) and
exemption was given by the University of California, Los Angeles, Internal Review Board.
Verbal assent was given by women at the Charlotte Maxeke Johannesburg Academic Hospital,
and written informed consent was obtained from women at the Rahima Moosa Mother and
Child Hospital.

Results
Maternal Characteristics

Data are reported on all women referred to the ANC-ARV clinics with known HAART regimen
and duration of regimen prior to infant delivery (n=1142). From these women, 873 infants
(including 19 sets of twins and 1 set of triplets) had HIV status determined at 4-6 weeks of life.
In the remainder of pregnancies either the mother and/or mother-infant pair was lost to follow-
up or the pregnancy resulted in stillbirth (Figure 1).

The mean age of women was 30.2 years (SD=5.0) and among those with race reported (n=348)
98.3% were black African. The majority of women (85.2%) were started on HAART during
pregnancy with the remainder (14.8%) conceiving while on therapy. The mean number of prior
pregnancies per woman was 2.6 (SD=1.2). Pregnancy was planned in 31.4% of women starting
HAART during pregnancy and 28.6% who become pregnant on HAART. The median baseline
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CD4+ cell count for 875 women in whom this was available was 161.0 cells/mm3 (SD=84.3),
with 76.0% of women in the cohort below 200 cells/mm3. Syphilis was the only sexually
transmitted infection routinely screened in this cohort, with 3.1% testing positive. The most
common non-infectious medical co-morbidity was hypertension (defined a single systolic >160
mm Hg and/or diastolic >90 mm Hg on a two occasions separated by 4 hours or a single diastolic
>110 mm/Hg) with a prevalence of 9.4%. Diabetes, defined as a random blood glucose >11
millimoles/liter or a positive glucose tolerance test, was rare with 0.6% of women having a
diagnosis categorized as either chronic or gestational. Use of tobacco and alcohol in pregnancy
were uncommon among women in whom data was available (n=769), with a rate of 3.5% for
each behavior. Nine women reported both tobacco and alcohol use.

Among those who started HAART during pregnancy, the mean duration of therapy before
childbirth was 10.7 weeks (SD=7.4), and the most common regimen was lopinavir/ritonavir-
based (51.2%), followed by nevirapine (43.1%), and efavirenz (5.7%). Among those who
became pregnant on HAART the mean number of weeks on therapy prior to delivery was 93.4
(SD=37.7, range 38.0-196.9 weeks), and the most common regimen was efavirenz-based
(53.6%), followed by nevirapine (28.6%), and lopinavir/ritonavir (17.9%). The most frequently
utilized nucleoside backbone in all women was stavudine and lamivudine (97.3%). Of women
who conceived on efavirenz, six were switched to alternate HAART regimens for the remainder
of pregnancy, and were categorized in the analysis by the new regimen. Data on prior sdNVP
was only available in 294 women with 1.4% reporting exposure.

Comparisons of women who started HAART during pregnancy versus those who became
pregnant on therapy were performed and showed that the latter group had higher pre-HAART
baseline CD4 cell counts (155.5 versus 187.7cells/mm3 respectively), a higher proportion of
women on efavirenz-based HAART, and a higher proportion of low birth weight infants. The
groups were comparable in regard to age, gravidity, PROM, and proportion stating that
pregnancy was planned.

Delivery Characteristics and HIV Transmission Rates
From the cohort of 1,142 women, a total of 258 had unknown infant HIV status. Among women
starting HAART during pregnancy there were ten stillbirths, as compared to women on
HAART prior to pregnancy, in whom a single stillbirth occurred. PROM (prolonged rupture
of membranes >12 hours) was documented in 3.4% (n=20) of 596 women with data available.
Among 396 women with detailed delivery information available, 75.3% (n=298) had normal
vaginal deliveries; 10.1% (n=40) had scheduled cesarean sections for reasons unrelated to HIV;
and 14.6% (n=58) had urgent cesarean section for preeclampsia/eclampsia, fetal distress,
placental abruption, or placenta previa. The majority of infants received replacement feeding
(96.9%).

The overall MTCT rate for the cohort with infant PCR data available was 4.9% (43/873).
Among the 143 women who became pregnant on HAART and had infant PCR results, there
was a single transmission event in a woman who delivered at 31 weeks gestational age. Women
who became pregnant on HAART had significantly lower MTCT rates than women who
initiated HAART during pregnancy (0.7% versus 5.7%; p=0.01; 95% CI 0.02-3.8 and 4.2-7.7,
respectively). For those who started HAART during pregnancy, transmission decreased with
longer duration of HAART: 9.3% (14/151) with less than 4 weeks of HAART during
pregnancy, 5.5% (23/422) with 4-16 weeks of HAART, and 3.5% with >16 to 32 weeks. Of
note, there were no transmissions among women who were on HAART for more than 32 weeks
prior to delivery. Women with CD4 cell counts >250 cells/mm3 within the same clinics who
received only sdNVP had an MTCT rate of 7.9% (121/1534; 95% CI 6.6-9.3) and women
presenting to the clinic system during or just after infant delivery with no prophylactic ART
had an MTCT rate of 17.4% (4/23; 95% CI 5.0-38.8). Figure 2 summarizes infant HIV
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transmission rates in women in the cohort as well as the sdNVP and no maternal prophylaxis
groups.

Characteristics of Women Whose Infants Have Unknown HIV Status
Characteristics of women who remained in follow-up compared to those who were lost to
follow-up were evaluated. No differences were detected in maternal demographic and health
status factors including age, baseline CD4 cell count, and gravidity. There were also no
differences noted in HAART regimen, the duration of HAART during pregnancy, PROM,
birthweight, or proportion of low birth weight (<2.5 kg) infants.

Predictors of Transmission in Women Initiating HAART During Pregnancy
The majority of MTCT occurred among women starting HAART during pregnancy. We
performed regression analysis for this group of 730 women (Table 1). In univariate analysis,
HAART duration was predictive of infant HIV status, with every additional week of therapy
reducing the odds of transmission by 7% (95% CI: 0.87- 0.99, p=0.02). In a multivariate model
that included baseline CD4 cell count and HAART regimen (NNRTI versus PI), duration of
therapy during pregnancy remained significant (OR 0.92, 95% CI: 0.87-0.99, p=0.02). PROM
was associated with MTCT in univariate analysis with an OR of 5.5 (95% CI 1.8-17.7, p =
0.002); however, in the multivariate model with HAART duration, regimen, and baseline CD4
cell count significance was not retained (OR=3.8, p=0.08). Among the subset of patients with
baseline CD4 data (n=553), an increase of 50 cells/mm3 in baseline CD4 cell count was
associated with 26% reduced odds of MTCT (95% CI: 0.56-0.99, p=0.045).

HAART regimen was not associated with infant HIV status. There were no HIV transmissions
among the small subgroup of women who had prior single dose nevirapine exposure. No
associations were detected for infant HIV status and maternal age, gravidity, hypertension,
alcohol, tobacco, female infant, mean infant birth weight, and low birth weight.

Discussion
Duration of HAART and MTCT Among Women With Advanced Immunosuppression

In our cohort of women from Johannesburg with advanced immunosuppression, rates of MTCT
are high relative to other countries where HAART is given to all women regardless of CD4
cell count, and are also high compared to recent African studies. In West Africa, women
qualifying for HAART during pregnancy had an MTCT rate of 2.3% at 12 months, half our
4-6 week rate of 4.9%(18). The mean treatment duration was 11.7 weeks, similar to our cohort,
and the majority (87%) were treated with a nevirapine-based HAART. In the DREAM cohort
from Malawi, Mozambique, and Tanzania, women on HAART from 25 weeks of gestational
age also had lower MTCT rates, ranging from 0.8-1.2% at one-month(4). Reasons for higher
rates of transmission in our setting are unclear but may be related to the slightly lower mean
duration of HAART (10.7 weeks) or higher proportion of women with very low CD4 counts
(75.4%<200 cells/mm3 and 21.3%<100 cells/mm3). It is notable that women in our cohort who
had ≤ 12 weeks of HAART had the same transmission rate as those within the same clinic who
received only sdNVP (7.4%), and both groups had significantly lower rates of transmission
compared to a group of women who delivered infants with no form of ART prophylaxis
(17.4%).

In a French Perinatal cohort (ANRS), only duration of HAART was associated with
transmission in women with term deliveries and viral load <400 copies/ml, with an OR for
duration of 0.94/week (CI 0.90-0.99), similar to the OR found in our cohort (0.92, 95% CI:
0.87-0.99). Additionally, a subset of women in the ANRS study were noted to transmit to
infants with viral load <50 copies/ml. All of these women started HAART at ≥ 32 weeks,
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suggesting in utero transmission or perinatal transmission due to another factor such as
compartmentalized replication in the genital tract. Regardless of setting and resource
availability, large benefits can be gained from each additional week of HAART during
pregnancy and this finding highlights the need to screen women for HIV prior to pregnancy,
and to reach women and provide a healthcare service that can expedite entry into care for both
antenatal and HIV services.

In our study it is likely that duration of HAART serves as a proxy for HIV viral load at time
of delivery, as viral suppression typically occurs after 10-16 weeks of HAART in non-pregnant
adults, and plasma viral load has been shown to be the preeminent risk factor for MTCT
(19-23). In research settings, women with viral load <50 copies/mm3 and term deliveries have
MTCT rates as low as 0.4%(20). Routine viral load monitoring is not recommended in the
public sector in resource-constrained settings(24). Therefore, identifying other factors that can
be used to risk stratify pregnant women is critical.

In our cohort, compared to women who conceived on HAART, women starting therapy during
pregnancy had markedly increased risk of MTCT (0.7% versus 5.7%). Other studies have
shown low rates of MTCT in women who become pregnant on HAART including the European
Collaborative study in which the transmission rate was 0.3% (1/397) in women who became
pregnant on HAART versus 1.9% (10/521) among women who started HAART during
pregnancy(19). Similar findings were reported from the United Kingdom where a single
transmission occurred in women on HAART before pregnancy (0.1%, 1/928), significantly
lower than those who started during pregnancy (1.3%, 39/2967) (25).

HAART Regimen and MTCT Among Women With Advanced Immunosuppression
Little data are available about the efficacy of PI versus NNRTI therapy for prevention of MTCT
in women with advanced disease starting HAART during pregnancy, particularly in African
settings where differences in viral clade and underlying host genetics may influence
antiretroviral responses. In South Africa, efavirenz is utilized in the first-line HAART regimen,
and both nevirapine and lopinavir/ritonavir are available for use in pregnant women who
qualify for HAART(16). Since efavirenz has been used as first-line therapy in South Africa, a
number of women in this cohort conceived on an efavirenz-containing regimen. Data regarding
infant outcomes in this cohort of women becoming pregnant on antiretrovirals is undergoing
analysis and will contribute to the growing literature on infant outcomes in women becoming
pregnant on HAART(26-28). Given toxicity of nevirapine for women with higher CD4 counts,
research studies comparing PI to NNRTI regimens are limited to women with advanced
immunosuppression such as those in ANC-ARV clinics. In our cohort, MTCT rates were
comparable regardless of HAART regimen. Our study was not specifically powered to detect
differences in HAART regimen, and while the data suggest no specific regimen is superior for
preventing infant transmission, small numbers limit the ability to interpret these findings.

The majority of studies have shown no difference in transmission by HAART regimen among
pregnant women from a variety of settings(20, 25), however few adequately powered
randomized studies have been conducted. A single publication from Europe demonstrated that
pregnant women on nevirapine-based HAART had shorter time to viral suppression compared
to women on PI(29). Most women in this cohort were on nelfinavir, which has been found to
be less potent than lopinavir/ritonavir(30), the sole PI utilized in our cohort. Additionally, there
have been concerns about sub-therapeutic PI levels in the third trimester, specifically for
nelfinavir(31-33), and this issue may explain the less favorable viral kinetics seen compared
to nevirapine in this trial. A number of studies have demonstrated nevirapine resistance after
exposure to single dose regimens for prophylaxis(34-36) and a recent trial from Africa revealed
that women exposed to sdNVP who were subsequently placed on nevirapine-based HAART
had significantly higher rates of treatment failure(37). Prior sdNVP exposure was uncommon
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in our population due to the high rate of women diagnosed with HIV in the current pregnancy
and lack of availability of sdNVP or other preventative regimens in the South African health
system, particularly prior to 2005.

Beyond HAART Regimen and Duration: Other Predictors of MTCT in Settings Without Viral
Load Monitoring

Many studies have shown a protective effect of elective Caesarean section in MTCT with up
to an approximate 50-70% reduction in risk compared to vaginal delivery(38-40). Lack of an
association between mode of delivery and infant HIV status in our study is likely the result of
low numbers of women with information available since many women in our setting deliver
infants outside of the hospital setting. Although research findings have informed delivery
guidelines in settings where resources exist to provide this service, South Africa is unable to
provide elective Caesarian section given the high number of women with HIV, the lack of viral
load monitoring to guide decisions about delivery, and overall health system resource
constraints; therefore decisions about Caesarian section are guided largely by obstetric
necessities rather than HIV infection.

In univariate analysis PROM was associated with infant HIV infection, although this risk factor
has not been well established in studies of women on HAART(41). The significance of PROM
noted in our cohort may be secondary to the brief duration of HAART in many women, making
them more similar to those receiving mono- or dual prophylaxis in regard to the role of other
risk factors on MTCT (42-44). Baseline CD4 cell count was of borderline significance as a
factor predictive of MTCT. We did not have CD4 cell counts at or near the time of labor and
are therefore unable to determine if degree of immunosuppression at the time of delivery is
predictive of infant HIV status. Studies have been mixed regarding the relationship between
degree of immunosuppression and infant transmission with many showing no association(19,
25, 45, 46) and others finding low CD4 count to be an important risk factor(2, 20, 47). We
believe that advanced immunosuppression contributes to the high rate of MTCT in our cohort
as compared to rates reported from women on HAART in which the majority have CD4 counts
> 200 cells/mm3. Infant female sex(48-50), low birth weight(50-52), and smoking(53, 54) have
been shown in studies to be associated with HIV transmission, although none of these
associations were detected in our analysis.

Loss to Follow-up and Other Limitations
The lack of maternal viral load at the time of delivery is an important limitation of this study,
but reflects the reality of HIV care in resource-poor settings. Our goal was to learn about other
factors that may have predictive value in clinical programs without funding for serial viral load
during pregnancy. Further, the ability to distinguish between the timing of MTCT was limited
by lack of availability of newborn HIV PCR testing. The majority of infants in this cohort were
formula-fed, although low rates of mixed feeding cannot be excluded. HIV status at 4-6 weeks
of life was considered to represent in utero or perinatal transmission.

The ANC ARV program was designed with the primary goal of clinical care, with observational
research as a secondary component. Efforts are made to record all pertinent data and ensure
follow-up, but data reflect the realities of our practice circumstance, with missing information
on women who completed follow-up as well as a large number of women and infants lost to
follow-up before infant HIV testing. Pregnant women often come to Johannesburg for antenatal
care but return to their homes at remote locations for infant delivery and often remain confined
to their homes in the early postpartum period. Additionally, women face stigma, poverty, and
fear about infant HIV diagnosis, all of which may serve as a deterrent to returning for 4-6 week
infant testing and results. Linkage of antenatal and HIV services in the ANC-ARV clinic
attempts to overcome some of these barriers, but retaining women in care remains a significant
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challenge. In this analysis we attempted to evaluate the influence of loss to follow up by
performing comparisons among women with and without infant HIV results. This analysis did
not show differences in women lost to follow-up compared to those who were retained through
infant HIV testing.

Conclusion
Late identification of HIV increases risks for maternal health and MTCT, and remains a
challenge despite successful integration of antenatal and HIV services in the ANC-ARV clinic
program. Widespread testing of women is needed to identify those with HIV infection prior to
pregnancy and allow for optimal maternal health and prevention of infant transmission. Our
observational data highlights the importance of duration of HAART in women initiating
therapy during pregnancy and demonstrates the high efficacy of long-term HAART in
preventing MTCT in women becoming pregnant on therapy. While the ANC-ARV clinics have
been important in developing the necessary infrastructure, further efforts are needed to address
social and health service barriers that may contribute to late identification of HIV-infected
women in South Africa.
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Figure 1.
Pregnancy and infant outcomes of women attending ANC ARV clinics at the Charlotte Maxeke
Johannesburg Academic Hospital and Rahima Moosa Mother and Child Hospital in
Johannesburg.
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Figure 2.
Risk of mother-to-child transmission (infant HIV DNA positive at 4-6 weeks) among women
receiving HAART before or during pregnancy compared to those receiving single-dose
nevirapine or no maternal prophylaxis at the Charlotte Maxeke Johannesburg Academic
Hospital and Rahima Moosa Mother and Child Hospital.
* all women receiving single dose nevirapine had CD4 counts ≥ 250 cells/mm3
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