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Abstract
Objective—To describe the safety and efficacy of highly active antiretroviral therapy (HAART) in
pregnant women treated in an integrated antenatal antiretroviral programme (ANC ARV).

Methods—A retrospective analysis was performed on patients attending the ANC ARV from
August 2004 through February 2007.

Results—Data was collected on 689 treatment-naïve pregnant women initiated on HAART. The
mean age was 29.2 years. The mean baseline CD4+ count was 154 cells/uL and mean baseline HIV
viral load was 101,561 copies/ml. Tuberculosis was the most prevalent presenting opportunistic
infection (7.7%). Stavudine, lamivudine, and nevirapine were initiated in 82% of women with the
most frequent adverse drug reaction being nevirapine-associated skin rash (3.5%). Mean gestational
age at HAART initiation was 27 weeks. Among women with follow-up data, 80% gained 50 or more
CD4 cells/uL, and 80.5% achieved viral suppression to <1000 copies/ml. Of 302 mother/infant pairs
who completed postnatal follow-up, the HIV transmission rate was 5%. In women who received
more than seven weeks of HAART during pregnancy, transmission was 0.3%.

Conclusions—Within the ANC ARV programme, initiating pregnant women on HAART was
feasible, safe, and effective. Advanced gestational age at treatment initiation and loss to follow-up
emerge as important challenges in this population.
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INTRODUCTION
There are an estimated five and a half million people infected with HIV in South Africa, many
of whom are unaware of their status. The majority of HIV infections occur in individuals of
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reproductive age, and more than half of these are women. Surveys place antenatal prevalence
in the range of 15-39%, with a national average of 29.1%.1 The South African HIV prevention
of mother-to-child (PMTCT) programme has utilized the HIVNET 012 strategy of single dose
nevirapine (sdNVP) to mother and infant from 2001 until March 2008.2 Uptake of this
programme has been poor with less than 20% of HIV infected women receiving any form of
antiretroviral therapy prior to 2005.3 Rates of HIV transmission in the developing world range
from 5%-40%4-6 depending on access to PMTCT programmes.

The South African antiretroviral treatment programme, in the period under review, provided
highly active antiretroviral therapy (HAART) to patients with CD4 counts below 200 cells/uL
or with World Health Organisation (WHO) Stage 4 classification. HIV treatment programmes
and antenatal care are currently provided as separate health services, and due to long waiting
lists, many pregnant women present for antenatal services in the third trimester. Pregnant
women who test positive for HIV-infection and qualify for HAART rely on referrals from
antenatal clinics to HIV treatment programmes in order to access this care, with resultant delays
in initiating treatment, often until after delivery. To address this problem with health services,
an integrated antiretroviral antenatal clinic (ANC ARV clinic) was established within an
existing antenatal service at Johannesburg Hospital. The goals of the integrated ANC ARV are
to expedite initiation of HAART in pregnant women qualifying for this service, both to improve
maternal health and to prevent mother-to-child HIV transmission. HIV/AIDS accounts for
more than one-third of non-obstetric maternal and neonatal deaths, and South Africa is one of
only twelve countries in the world where infant and child mortality rates increased in the period
from 1990-2004, largely due to HIV/AIDS. 7 The ANC ARV is an intervention designed to
improve maternal and infant health in South Africa. This paper describes the programme
experience from August 2004 to February 2007.

BACKGROUND
Johannesburg Hospital is an academic public institution offering both ANC and HAART
services. Pregnant women are offered voluntary counselling and testing (VCT) for HIV at their
first antenatal visit. Those who test HIV-positive have a CD4 cell count specimen taken on the
same day. Those with CD4+ counts less than 200 cells/uL are referred to the ANC ARV clinic.
As the programme has become established, and the clinic's capacity expanded, a higher CD4
cell count cut off (250 cells/uL) has been employed for referral into the clinic. HIV-infected
women with WHO Stage 4 classification, poor obstetric history, and conditions requiring
amniocentesis are also referred to the ANC ARV. Women who do not qualify for HAART are
seen in routine antenatal clinics and receive sdNVP for PMTCT as per National Guidelines.

All women with CD4+ counts below 200 cells/uL are offered prophylactic co-trimoxazole,
and all pregnant women receive folate and iron supplementation. Upon entering care at the
ANC ARV clinic, women have baseline clinical assessment, laboratory testing, and adherence
counselling. At the follow-up visit one-week later a second adherence session is conducted
and, if no mitigating factors exist, HAART is initiated. During the period of data collection,
the first-line treatment regimen consisted of stavudine 30mg or 40mg tablets according to
weight, lamivudine 150mg tablets, and nevirapine 200mg tablets. Nevirapine toxicity is
monitored clinically and with alanine transaminase (ALT) measurements. For cases of toxicity
or resistance, alternative drugs include zidovudine, didanosine, ritonavir boosted lopinavir
(kaletra capsule), and efavirenz. Efavirenz is used in women with TB co-infection who are
beyond the first trimester of pregnancy.

Women are followed at the ANC ARV clinic weekly until stable on HAART. Stability is
defined as a minimum of eight weeks of treatment with absence of side effects and adequate
adherence, defined as no missed doses over two consecutive visits (determined by pill count
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and self-report). Women who have missed doses by self-report and/or pill count remain in the
ANC ARV and receive intensive follow-up adherence counselling. Those with no
complications or ongoing opportunistic infections are then referred to community-based
antenatal clinics for management, to ensure the ANC ARV clinic can continue to accommodate
new patients.

No routine postnatal follow-up existed when the ANC ARV was initiated. Pregnant women
were referred to adult HAART clinics, with high rates of loss to follow up during the referral
process. In October 2005 a postnatal clinic (PNC) was established to follow postpartum women
initiated on HAART during pregnancy and to provide postpartum HIV care for women
identified with infection during the peripartum period. In addition, at six weeks postpartum the
PNC offers HIV testing for exposed infants (HIV-1 DNA Roche Amplicor). At ten weeks
postpartum, women are referred to a local HAART clinic for further care.

METHODS
A retrospective analysis was performed on data from the ANC ARV cohort from August 2004
through February 2007. Data were collected by the ANC ARV care team, which consists of a
physician, nurse, and counsellor. Data were recorded for all treatment-naïve women (with the
exception of prior sdNVP) referred to clinic and initiated on HAART, regardless of the duration
of follow-up. Women who conceived on HAART were excluded for this analysis. Data
recorded included patient demographics, baseline clinical status, laboratory values, HAART
regimens, treatment complications, medical complications, and delivery characteristics. Data
from clinical charts were entered into Excel spreadsheets, coded, and transferred into STATA
(STATA version 9, StataCorp, College Station, Texas). All summary statistics were obtained
utilizing standard STATA commands. Missing data points were excluded from the analysis
and all summary statistics are reported in relation to the total number of observations available.
Analysis of Variance (ANOVA) was performed in STATA to determine differences in baseline
maternal characteristics for HIV-infected, HIV-uninfected, and HIV status unknown infants.

Women presenting to the obstetric clinic at Johannesburg Hospital are provided voluntary rapid
HIV testing with pre and post-test counselling per South African National Guidelines. Those
women referred to the ANC ARV for HAART give verbal consent to have their medical
information entered into a database. Ethical approval for data collection was obtained from the
University of the Witwatersrand (certificate number M050445), and exemption was given by
the University of California, Los Angeles Internal Review Board.

RESULTS
Data were collected on all treatment-naïve women referred to the clinic who were subsequently
initiated on HAART during pregnancy (N=689). The mean age of the cohort was 29.2 years
(standard deviation 5.0, range 18-48 years). The timing of HIV diagnosis was obtained in 388
women of whom 77.3% were diagnosed during the current pregnancy. Of 410 women with
prior pregnancy data available, 11.5% (N=47) were primaparous. The mean number of
pregnancies per woman was 2.7 (standard deviaton 1.1 and range 1-8). Only 1.6% (N=11) of
multiparous women reported taking single dose nevirapine for PMCTC during a prior
pregnancy. The mean baseline CD4+ cell count performed at first clinic visit for the majority
of women was 154 cells/uL (n=639, SD 92, range 6 to 784 cells/uL), with 81.3% of women
having CD4 counts below 200 cells/uL. The mean baseline HIV-1 viral load was 101,561
copies/ml and standard deviation 177,585 copies/ml. The distribution of viral loads was
asymmetric, with a skew towards lower ranges, as demonstrated by the median baseline HIV-1
viral load (n=452) of 29,000 copies/ml.
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The most common opportunistic infection (OI) at presentation was tuberculosis (7.7%). Serious
OIs identified at baseline included cryptococcal meningitis (0.4%) and Kaposi's sarcoma
(0.3%). Syphilis was the only sexually transmitted infection routinely screened in this cohort.
Among 457 women with rapid plasma reagin (RPR) test results, 4.8% (N= 22) were positive.
The most common non-infectious medical co-morbidities were hypertension (pre-existing/
non-gestational hypertension 1.0% (N=7) and gestational hypertension (hypertension
developing after 20 weeks of gestation without proteinuria) 3.0% (N=21). There were also six
cases of preeclampsia (0.9%) and 2 cases of eclampsia (0.3%), with no maternal deaths or
adverse fetal outcomes. No cases of gestational diabetes were reported (monitoring performed
with urine dipsticks); however, three (0.4%) women in the cohort had pre-existing diabetes
and there were no adverse outcomes among this group.

The mean gestational age at HAART initiation was 27 weeks (data available on 437 women)
and the mean number of weeks on HAART during pregnancy was 10.4 (data available on 250
women). The most commonly utilized HAART regimen in the cohort was stavudine,
lamivudine, and nevirapine (82% of 620 women for whom data were available) (Table 1).
Follow-up CD4+ cell counts were done in most women who remained in the program for at
least 24 weeks (N=244). Of these women, 80% gained at least 50 or more cells/uL a mean of
24 weeks after baseline, and half of this group (41.4%) gained 100-250 cells/uL. Approximately
8.2% of women experienced a drop in CD4 count.

Baseline and follow-up HIV-1 viral load data were available in a subset of 211 women. At
baseline 44% of these women had viral loads greater than 50,000 copies/ml. A mean of 14.4
weeks later, 80.5% were suppressed to <1000 copies/ml and only six women continued to have
viremia at a level of greater than 100,000 copies/ml (Figure 1). The most common adverse
reaction among women in the cohort was nevirapine associated skin rash (18 episodes, 3.5%)
including 2 women with Stevens-Johnson syndrome. Clinically significant nevirapine-
associated hepatitis occurred in 1% of the cohort, with no deaths. Mitochondrial toxicities were
rare with neuropathy reported in two women (0.3%), although the mean duration of exposure
in the cohort was brief (ten weeks). Only 35 women received protease inhibitors at any point
during pregnancy and no adverse reactions were reported. Regimen changes during pregnancy
were uncommon, with only 2.6% (N=16, data available on 620 women) switching to a different
regimen for serious toxicity.

Among 455 women in whom delivery information was available 56.9% (N=259) had normal
vaginal deliveries, 25.7% (N=117) had non-emergent Caesarean sections for reasons unrelated
to HIV infection (fetal position, failure to progress, postdates, prior Caesarean section), and
17.4% (N=79) had emergent Caesarean sections for pre-eclampsia/eclampsia, fetal distress,
and placental abruption or placenta previa. Among the women on whom postpartum data was
available (N=355), complications included postpartum haemorrhage 2.0 % (N =7), retained
products of conception 0.3 % (N=1), postpartum psychosis 0.3% (N=1), and prolapsed uterus
0.3% (N=1).

Gestational age at delivery was available for 266 infants in the cohort. Among this group,
19.5% (N=52) were premature (delivered prior to 37 weeks). Adjusted for gestational age,
three premature infants were below the third percentile for weight. There were no neonatal
deaths among this group. Excluding premature infants, the mean birth weight was 3023 grams
(standard deviation 479 grams). Forty-eight infants (13.5%) were low birth weight (<2500
grams), and none met criteria for very low birth weight (<1500 grams). One each of the
following congenital abnormalities was noted in the newborns: enlarged kidneys, bilateral
clubbed feet, extra digit, and absent left hand (secondary to amniotic band).
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For 302 mother/infant pairs who completed six weeks of postnatal follow-up, the HIV-1
transmission rate was 5% (N=15) as determined by HIV-1 DNA testing. Sixty-seven women
(9.7%) delivered infants prior to inception of the PNC in October 2005, and 116 (16.8%) had
not reached six weeks post-partum by the time the dataset was closed in February 2007, and
therefore infant HIV status was unavailable. There were eleven women with fetal or infant
loss, including three reports of intrauterine fetal demise, three stillbirths, and five neonatal
deaths. One neonatal death was in an HIV negative infant (cause unknown), the remaining four
infant deaths had unknown HIV status. Two deaths were from unknown causes and two were
attributed to infection (gastroenteritis and pneumonia). The remainder of women did not return
for infant HIV testing at six weeks postpartum (N=191, 27.7%), and therefore were classified
as lost to follow-up. ANOVA did not reveal significant differences in the ages or baseline viral
loads among women with HIV-infected versus uninfected versus status-unknown infants. For
baseline CD4 cell counts, the two sample t-tests did not reach significance after Bonferroni
correction, although the uncorrected p-value for the comparison of the three groups was 0.0243,
with the mothers of HIV-infected infants showing lower baseline cell counts (Table 2).

Among those who completed follow-up infant HIV testing, the transmission rate for women
who received more than seven weeks of HAART during pregnancy was 0.3% (N=1). Due to
national policies limiting viral loads to twice-yearly, the cohort lacks viral load data at the time
of delivery. Therefore no statistical analysis could be performed evaluating the relationship
between viral load at or near the time of delivery and risk of infant HIV infection. All but two
neonates received single dose nevirapine. Both of these infants had follow-up HIV testing at
six weeks, with one testing positive. The majority of women (99%) chose to formula feed.

DISCUSSION
Safety and Efficacy of HAART in Pregnant Women with Advanced HIV Infection

Data from the ANC ARV clinic suggests that HAART is well tolerated and effective in
pregnancy. Experience with stavudine in pregnancy has been largely limited to animal studies,
with one small clinical trial in which women receiving stavudine as part of a PMTCT regimen
experienced no significant toxicity.8, 9 Extensive use of stavudine in non-pregnant women in
Africa has revealed high rates of mitochondrial toxicity, with overweight women particularly
at risk for symptomatic and life-threatening lactic acidosis.10-12 The few human pregnancy
studies evaluating NRTI-mitochondrial toxicity are limited to case reports of maternal deaths
due to severe lactic acidosis, especially with the combination of stavudine and didanosine.
13-16 In this Johannesburg cohort of treatment-naïve women initiating stavudine-containing
regimens during pregnancy, adverse reactions were extremely rare. The low rates of observed
toxicity may be due to the limited duration of NRTI exposure. The absence of reported
complications during the initial period of drug exposure is reassuring, but further information
is needed in regard to rates of toxicity in these women following prolonged antiretroviral
exposure.

The efficacy of HAART in non-pregnant women from developed countries has been reported
in a number of studies, but data in pregnant women with advanced infection is sparse.17, 18

Most women in this cohort entered clinical care late in pregnancy. In the subset of women in
whom baseline and follow-up CD4+ cell counts were performed, excellent immune recovery
was observed, with over 80% of this subset gaining 50 or more CD4+ cells/uL during the brief
time they were on HAART. Reasons for CD4+ cells loss in 8% of women are unclear, but may
be secondary to the presence of opportunistic infections causing transient suppression of CD4
+ cells, haemodilution of pregnancy19, 20, or long delays between baseline CD4 cell count and
the initiation of HAART.
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Virologic response was difficult to assess in this cohort due to a national policy limiting viral
load testing to twice yearly; however, in the group of women who underwent baseline and
repeat HIV-1 RNA quantitation, more than 80% had virologic suppression to less than 1,000
copies/ml, the cut off value for predictable HIV-1 transmission, and 75.6% had an undetectable
viral load. Resistance testing was not available for the subset of women who failed to suppress
their viral load on HAART. Resistance from previous sdNVP exposure is unlikely to have
played a role in treatment failure since only 1.6% of the cohort reported having received
PMTCT during a prior pregnancy.

Successful immunologic and virologic response in this subset of women may be due to
availability of intensive adherence counselling, which occurs at entry to the clinic and at each
of the clinic appointments, and high motivation of women for prevention of infant HIV
infection. Efficacy data may be biased by both missing observations among those who
completed follow-up and by high rates of loss to follow-up. Individuals lost from the program
may have been most at risk for poor adherence and less favourable outcomes.

At entry to the ANC ARV programme, evaluation for OIs was performed. Overall, OIs were
uncommon, with tuberculosis most commonly identified. Pregnant women may represent a
healthier category of women with AIDS, since a certain degree of body weight, reproductive
health, and immune robustness must exist to conceive and support gestation. Recent data
suggest that pregnancy is associated with a lower risk of HIV disease progression and
experience with the ANC ARV cohort supports this finding.21

The mother-to-child transmission rate for this group of women with advanced HIV disease is
low (5%) compared to women who do not access HAART, and is much lower than the rate of
11.1% reported from a recent study of healthier women (CD4 cell counts > 200/uL) who
received sdNVP for PMTCT in Soweto, Johannesburg.22 However, the number of infected
infants in the ANC ARV cohort is high relative to developed countries where HAART is used
for PMTCT and transmission rates are less than 2%.23, 24 The high rate of HIV transmission
relative to developed country settings is multifactorial, with this data reinforcing the
importance of duration of HAART on rates of transmission. With one exception, all HIV-
infected infants were born to women who received seven or fewer weeks of HAART.

Maximizing Safety and Efficacy of HAART in the ANC ARV: The Challenge of Late
Presentation and Closing the Treatment Gap

Many HIV-infected individuals in South Africa are unaware of their status, do not perceive
their risk, and only present for HIV testing late in the course of disease when symptomatic with
opportunistic infections. Pregnant women are an exception to this paradigm, since most are
healthy and undergo HIV testing in the setting of existing antenatal services. Despite the
opportunity that antenatal care presents for diagnosing HIV in women of reproductive age,
many of these HIV diagnoses occur late in gestation. Additionally, 23% of women in this cohort
knew their HIV status prior to conception yet did not present for medical care until the third
trimester. HIV-infected patients who do not qualify for HAART are referred to wellness centres
for follow-up and care, but retention in these programmes is poor.

Delayed diagnosis and late presentation to medical care have implications for optimal
management of HIV during pregnancy, particularly with regard to the timing of HAART
initiation. Ideally, women should be empowered to undergo HIV testing prior to conception,
and if positive, encouraged to access services for health optimization. For women who qualify
for HAART, goals include early initiation of antiretroviral regimens safe in pregnancy and
complete viral suppression prior to delivery. The success of this approach is illustrated by
extremely low transmission rates in countries that use HAART for PMTCT and within this
cohort for women who received more than seven weeks of HAART.
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Loss to Follow-up and Other Limitations of Data Analysis—In this cohort 27.7% of
women did not return to the PNC for infant HIV testing. The issue of missing data as well as
loss to follow-up of mother/infant pairs is significant. Missing data points are the result of
referral to routine clinics after stabilization, as well as return of women to rural homes around
the time of delivery. Although ANOVA did not detect differences in mean age, baseline CD4
cell count, or baseline viral load for individuals who remained in the program as compared to
those lost to follow-up, women who stayed in the ANC ARV programme through the postnatal
follow-up period may represent a distinctly different group based on socio-economic factors,
clinical status, and HIV infection characteristics. These differences are likely to bias the data,
particularly in regard to HIV transmission rates.

CONCLUSIONS
Within the ANC ARV programme, initiating women on HAART during pregnancy was
feasible, safe, and effective. HAART-related complications were low, and in the subset of
women on whom follow-up CD4+ cell counts and HIV viral loads were available, most had
an excellent response to therapy with good short-term immune reconstitution and successful
viral suppression. Advanced immunosuppression, late gestational age at presentation, and high
rates of loss to follow-up emerge as important challenges in this population.

In South Africa, antenatal care, HIV treatment programmes, and HIV prevention services are
often delivered separately, and this division of health services creates barriers to comprehensive
care. The ANC ARV programme combines antenatal care, delivery of HAART to pregnant
women with advanced HIV, and interventions for the prevention of mother-to-child HIV
transmission in a coordinated and expedited fashion. As a result of the success of the ANC
ARV at Johannesburg Hospital, four additional sites have been opened in the surrounding area,
including two programmes managed by midwives within primary health care clinics. It is
anticipated that with ongoing support from public health leadership, sustainability will be
attainable. This type of integrated programme may be a crucial step towards closing the HIV
treatment gap in South Africa.
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Figure 1.
Comparison of Baseline and Follow-up HIV-1 Viral Load Measurements on a Subset of
Pregnant Women Started on HAART during Pregnancy (N=211).
(Mean of 14.4 weeks between baseline and follow-up viral load)
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Table 1

Antiretroviral Regimens Utilized in the Antenatal Clinic at Johannesburg General Hospital

Regimen Frequency (N) Percent

stavudine, lamivudine, efavirenz 47 7.6

stavudine, lamivudine, nevirapine 509 82

zidovudine, didanosine, ritonavir boosted lopinavir 1 0.2

Other: mixed nucleosides* and NNRTI 29 4.7

Other: mixed nucleosides* and PI 34 5.5

Total 620 100

NNRTI: non-nucleoside reverse transcriptase inhibitor (nevirapine or efavirenz)

PI: protease inhibitor (ritonavir/lopinavir in kaletra capsule formulation)

*
Includes the following: stavudine, lamivudine, zidovudine, didanosine.
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Table 2

ANOVA Comparison of Characteristics of Women in Antenatal Clinic for women with (1) HIV-uninfected
babies at 6 weeks follow-up (2) HIV-infected babies at 6 weeks follow-up (3) HIV-status unknown at 6 weeks
(lost to follow-up)

Infant Cohort (defined by HIV result at 6
week follow-up) N=689

Mean age of mother (years) Baseline CD4 cell count (cells/
uL) of mother

Mean and median
initial viral load of
mother (copies/ml)

Infant HIV-uninfected (N=287) 29.3 years (N=283) 148 cells/uL (N=275) mean 114,253 copies/
ml and median 35,950
copies/ml (N=182)

Infant HIV-infected (N=15) 30.3 years (N=15) 106 cells/uL (N=15) mean 132,629 copies/
ml and median 56,100
copies/ml (N=14)

HIV Status Unknown (N=387) 29.1 years (N=376) 161 cells/uL (N=345) mean 91,276 copies.ml
and median 25,000
copies/ml (N=257)

ANOVA p-value 0.581 0.0278* 0.345**

*
Two sample t-tests for HIV-infected versus HIV-uninfected (Bonferonni adjusted) p-value 0.264 and for HIV-infected versus HIV-unknown

(Bonferonni adjusted) p-value=0.073.

**
Based on mean viral load
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