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weeks of life; the avoidance of breastfeeding; and delivery by elective
Caesarean section. With all of these approaches, there are numerous
questions and considerations. In turn, prn invited Dr. Elaine Abrams—
a Columbia University pediatrician involved in both national and international programs focused on curtailing mtct of hiv—to put these
questions and considerations into context for the prn membership
and readers of The prn Notebook.

according to estimates by the world health organization (who),
approximately 700,000 children were infected with hiv in 2003, with
greater than 95% of these infections occurring in resource-poor nations. Conversely, new hiv infections in children are becoming increasingly rare in many parts of world, most notably wealthy nations.
The vast majority of children with hiv acquire the infection through
mother-to-child transmission (mtct) of the virus, which can occur in
utero, during labor and delivery, and while breastfeeding (estimates of
the timing of mtct are illustrated in Figure 1). In the absence of any intervention, the risk of mtct is 15% to 30% in non-breastfeeding populations. In the setting of breastfeeding, the risk increases by 5% to
20%, to a total of 20% to 45% (De Cock, 2000).
The risk of mtct can be reduced to below 2% by employing interventions that include antiretroviral therapy given to hiv-infected women
during pregnancy and labor, as well as to exposed infants during the first

FIGURE 1.

Risk Factors for MTCT
many studies conducted over the past decade have demonstrated
that women with advanced hiv disease are at the highest risk of transmitting hiv, both during pregnancy and while breastfeeding. High
hiv-rna levels in blood, low cd4+ cell counts, and an aids diagnosis are
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THE PRN NOTEBOOK ® | VOLUME 9, NUMBER 4 | DECEMBER 2004 | WWW.PRN.ORG

3

all markers of mtct risk. hiv-rna levels in genital fluids, most notably
at the time of labor and delivery, are also associated with an increase in
transmission risk. “These are the primary maternal factors associated
with an increased risk of transmission,” Dr. Abrams explained. “Additional maternal factors to consider include genetic influences, underlying
sexually transmitted diseases, and behavioral factors, such as smoking,
the health of sexual partners, and intravenous drug use.”
As for obstetrical factors, Dr. Abrams explained that prolonged rupture of membranes, defined as longer than four hours, has been associated with an increased risk of transmission. Caesarean section has
been shown to be protective if electively done prior to the onset of labor.
“C-sections remain protective in the context of antiretroviral therapy given for perinatal prevention, particularly zidovudine monotherapy. This
procedure is recommended in the United States for hiv-positive pregnant women with viral loads greater than 1,000 copies/mL. However, Csections may not have an added benefit when viremia is very low or undetectable as a result of using combination antiretroviral therapy.”
Infants born prematurely are also at higher risk for infection. “It was
initially believed that hiv infection of the fetus led to premature delivery,” recalled Dr. Abrams, “but it appears the premature babies are at
greater risk for infection during labor and delivery, compared to babies
who reach full term.”
Guidelines in the United States and most European countries have
strongly warned against breastfeeding among new hiv-positive mothers.
However, in many parts of the world, where the benefits of breastfeeding
are weighed heavily against the risks, it remains a major issue. “It has been
estimated that there are about ten cases of infection for every 100 women
who breastfeed for a year and that the risk of transmission is pretty constant throughout the duration of breastfeeding,” Dr. Abrams explained.
“And much like the transmission of hiv in utero or around the time of labor and delivery, maternal factors—such as high viral load and low cd4+
cell counts—can increase the risk of transmission while breastfeeding.”
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FIGURE 2. Antenatal Antiretroviral Treatment and mtct,
U.S. 1990–1999

In the Women’s Interagency hiv Study (wihs), perinatal hiv transmission
rates were evaluated among 1,542 women with live births between January 1990 and June 2000. Perinatal hiv transmission was observed in 20%
of women with hiv infection who received no antiretroviral treatment
during pregnancy, 10.4% who received zidovudine alone, 3.8% who received combination therapy without protease inhibitors, and 1.2% who received combination therapy with protease inhibitors. hiv-rna levels at delivery and prenatal antiretroviral therapy were independently associated with
transmission. The protective effect of therapy increased with the complexity
and duration of the regimen, with combination antiretroviral therapy being associated with the lowest rates of perinatal hiv transmission.
Source: Cooper, 2002
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The U.S. Standard of Care: PACTG 076 and Beyond
the mtct story in the united states—and most resource-rich
countries—is one of great success. According to the Unites States Centers for Disease Control and Prevention (cdc), there were fewer than 100
cases of aids reported in children in the United States in 2000, compared
with over 400 cases reported annually at the peak of the epidemic (1991
through 1994). “This really signifies what have been enormous successes in mtct prevention in settings where resources are available,” Dr.
Abrams added. In New York, where cases of hiv infection of newborns
have been easier to document in response to mandatory newborn testing
requirements, Dr. Abrams said that only 24 cases of new hiv infections
among children were reported to the Department of Health in 2001.
“These aren’t new aids cases, this is the number of children with new hiv
infections,” she stressed. “In 2003, I think there were fewer than 20 cases throughout the state. Pretty remarkable, especially when you consider the prevalence of hiv infection in New York State.”
One of the greatest breakthroughs in the history of mtct prevention research were the results of pactg 076, a randomized, double-blind,
placebo-controlled trial evaluating the efficacy and safety of zidovudine in
reducing mtct of hiv (Connor, 1994). hiv-infected pregnant women 14
to 34 weeks’ gestation with cd4+ counts above 200 cells/mm3 who had not
received antiretroviral therapy during the current pregnancy were enrolled.
The zidovudine regimen included antepartum zidovudine (100 mg orally five times daily), intrapartum zidovudine (2 mg/kg given intravenously
over one hour, then 1 mg per kilogram per hour until delivery), and zidovudine for the newborn (2 mg per kilogram orally every six hours for
six weeks). Infants with at least one positive hiv culture of peripheral blood
mononuclear cells (pbmcs) were classified as hiv-infected.
From April 1991 through December 1993, 477 pregnant women
were enrolled. During the study period, 409 gave birth to 415 infants. hivinfection status was known for 363 births (180 in the zidovudine group
and 183 in the placebo group). Thirteen infants in the zidovudine group
and 40 in the placebo group were hiv-infected. The proportions infected at 18 months, as estimated by the Kaplan-Meier method, were 8.3%
in the zidovudine group and 25.5% in the placebo group. This corresponded to a 67.5% relative reduction in the risk of hiv transmission.
In August 1994, a U.S. Public Health Service (usphs) task force issued
recommendations for the use of zidovudine for the reduction of perinatal
hiv transmission. And in July 1995, the usphs issued recommendations
for universal prenatal hiv counseling and hiv testing—with consent—
for all pregnant women in the United States. “Prior to the results of pact
076, there was a lot of debate among many in the field regarding the value of actually diagnosing hiv during pregnancy,” Dr. Abrams commented. “How would these results help the mother? And what did
these results provide to the child? This study really changed the equation
and showed us that, if we were able to diagnosis hiv during pregnancy,
there was potentially some great benefit to an hiv-positive woman’s
child that could be gained. And over the last decade, we’ve seen a real
move towards mandatory counseling and voluntary testing. More recently,
there’s been increasing movement toward using rapid testing in labor for
women who come to delivery not knowing their status.”
Data are also available regarding the use of combination antiretroviral
therapy as a component of mtct prevention. In an open-label, nonrandomized study of 445 pregnant women with hiv infection in France,
lamivudine was added at 32 weeks’ gestation to standard zidovudine prophylaxis (Mandelbrot, 2001). Lamivudine was also given to the infant, in
addition to zidovudine. The transmission rate in the zidovudine/lamivudine group was 1.6%. In comparison, the transmission rate in a historical control group of women receiving only zidovudine was 6.8%.
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Elective Cesarean Delivery and Risk of mtct

Prior to the use of combination antiretroviral therapy, studies were performed to determine the value of Cesarean delivery in decreasing the
risk of perinatal hiv transmission, either with or without concurrent use
of zidovudine. In this meta-analysis, using data from 15 prospective cohort
studies involving more than 7,800 mother-infant pairs, the rate of perinatal
transmission among women undergoing elective C-section delivery was
significantly lower than that among women undergoing nonelective Csections (C-sections performed after the onset of labor or rupture of
membranes) or vaginal delivery. Among the 559 women undergoing elective Cesarean delivery who did not receive zidovudine, the perinatal hiv
transmission rate was 10.4%. Among the 5,385 women undergoing other modes of delivery and who didn’t receive zidovudine, the transmission
rate was 19%. With the addition of zidovudine therapy, the transmission
rate was 2% among women undergoing elective C-sections and 7.3%
among women delivering via other modes.
Source: The International Perinatal hiv Group, 1999

In a longitudinal epidemiologic study ongoing in the United States
since 1990—the Women’s Interagency hiv Study (wihs)—perinatal
hiv transmission was observed in 20% of women with hiv infection who
received no antiretroviral treatment during pregnancy, 10.4% who received zidovudine alone, 3.8% who received combination therapy without protease inhibitors, and 1.2% who received combination therapy with
protease inhibitors (Cooper, 2002) (see Figure 2). “Combination antiretroviral therapy is a very important consideration,” Dr. Abrams commented. “More recent guidelines stress the importance of treating the
mother to protect her own health, not just the health of her baby. Combination antiretroviral therapy is now the norm and its benefits to both
the mother and her child have been documented.”

Mode of Delivery
prior to the use of combination antiretroviral therapy, a handful of studies were performed to determine the value of cesarean delivery
in decreasing the risk of perinatal hiv transmission, either with or
without concurrent use of zidovudine. According to one meta-analysisinvolving data from 15 prospective cohort studies involving more than
7,800 mother-infant pairs—the rate of perinatal transmission among
women undergoing elective C-section delivery was significantly lower
than that among women undergoing nonelective C-sections (C-sections performed after the onset of labor or rupture of membranes) or
vaginal delivery (The International Perinatal hiv Group, 1999) (see
Figure 3). Among the 559 women undergoing elective cesarean deliv-

ery who did not receive zidovudine, the perinatal hiv transmission
rate was 10.4%. Among the 5,385 women undergoing other modes of
delivery and who didn’t receive zidovudine, the transmission rate was
19%. With the addition of zidovudine therapy, the transmission rate was
2% among women undergoing elective C-sections and 7.3% among
women delivering via other modes.
There was also a randomized study conducted in Europe. Among
women not receiving zidovudine, elective Cesarean delivery was associated with a transmission rate of 4%, compared to 20% using other
modes of delivery (The European Mode of Delivery Collaboration,
1999). Combining zidovudine therapy with elective C-sections reduced
perinatal transmission to approximately 1%, compared to 4% among
those undergoing other methods of delivery (acog Committee Opinion
Scheduled Cesarean Delivery and the Prevention of Vertical Transmission of hiv Infection, 2001).

The Global Challenge: The Quest for
Effective and Resourceful Options
“in sitting back and thinking about the great successes we’ve
had in this country, it was also apparent to us that the mtct situation in
resource-rich countries is only the tip of the iceberg,” Dr. Abrams said.
“We recognized the need to focus on resource-poor countries. However, it wasn’t likely that the intensive care and therapy we provide to
pregnant women in this country could easily be provided to hiv-infected
pregnant women in these other parts of the world. In turn, alternative
strategies have been very much sought after.”
Many developing countries have not been in a position to implement
the pactg 076 regimen because of its complexity and cost. In turn, one
of the first efforts to capitalize on the effectiveness of zidovudine in a resourceful manner was to investigate the safety and efficacy of short-course
zidovudine administered during late pregnancy and labor (see Figure 4).
In a randomized, placebo-controlled trial, hiv-infected pregnant
women at two Bangkok hospitals were randomly assigned to receive either placebo or zidovudine (300 mg bid) from 36 weeks’ gestation and
every three hours from the onset of labor until delivery (Shaffer, 1999).
Mothers were given infant formula and asked not to breastfeed. Threehundred ninety-seven women were randomized and 393 gave birth to
395 infants. The median duration of antenatal treatment was 25 days,
and the median number of doses during labor was three. Of 392 babies
with at least one pcr test available, 55 tested positive: 18 in the zidovudine group and 37 in the placebo group. The estimated transmission risks were 9.4% in the zidovudine group and 18.9% in the placebo group. Women in the zidovudine group had a mean decrease in viral load of 0.56 log10 copies/mL and approximately 80% of the treatment
effect was explained by lowered maternal viral concentrations at delivery. There was no statistically significant difference in the adverse
event rates between the two groups.
Short-course zidovudine was also evaluated in a safety and efficacy
study involving hiv-positive women in Abidjan, Côte d’Ivoire, all of
whom would be breastfeeding after delivery (Wiktor, 1999). From April
1996 to February 1998, all consenting hiv-positive pregnant women attending a public antenatal clinic were enrolled at 36 weeks’ gestation and
randomly assigned to receive either placebo or zidovudine, 300 mg bid
until the onset of labor, followed by 300 mg every three hours until delivery.
The study was closed in February 1998, when favorable results from the
Bangkok study became available (reported above). Two-hundred eighty
women were enrolled (140 in each group). The median duration of the
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Short-Course Zidovudine for Prevention of mtct

Because many developing countries lack the necessary resources to implement mother-to-child transmission programs employing the zidovudine
dosing schedule used in pactg 076, there are ongoing efforts to capitalize
on the effectiveness of zidovudine in a resourceful manner, including
short-course zidovudine administered during late pregnancy and labor. The
results of two clinical trials are reported here. The bars labeled Thailand illustrate the results of a placebo-controlled trial in which hiv-infected
pregnant women at two Bangkok hospitals were randomly assigned to receive either placebo or zidovudine (300 mg bid) from 36 weeks’ gestation
and every three hours from the onset of labor until delivery (women were
told not to breastfeed after delivery). The estimated transmission risks were
9.4% in the zidovudine group and 18.9% in the placebo group, representing
a 50% reduction in the perinatal hiv transmission rate. The bars labeled
Côte d’Ivoire illustrate the results of a clinical trial in which hiv-positive
pregnant women attending a public antenatal clinic in Abidjan were enrolled at 36 weeks’ gestation and randomly assigned to receive either
placebo or zidovudine, 300 mg bid until the onset of labor, followed by 300
mg every three hours until delivery. The estimated risk of transmission in
the placebo group was 26.1%, compared to an estimated risk of transmission in the short-course zidovudine group of 16.5%.

dine for the first three days of life, followed by placebo through week six.
The long-short group received zidovudine from 28 weeks’ gestation
through delivery, with the infant receiving zidovudine for the first
three days of life, followed by placebo through week six. The short-long
group received placebo starting at 28 weeks’ gestation, followed by zidovudine from 35 weeks’ gestation through delivery, with the infant receiving zidovudine from birth through week six. In all groups, the
women received oral zidovudine every three hours during labor.
From June 1997 to December 1999, 1,437 women were randomized
and 1,411 women were followed through delivery. Final data were
available for 1,409 infants. At the first interim analysis in December
1998, the rates of mtct hiv transmission were 4.1% for the long-long
regimen and 10.5% for the short-short regimen, a statistically significant
difference that resulted in termination of the short-short regimen. For
the entire study period, the transmission rates were 6.5% for the longlong regimen, 4.7% for the long-short regimen, and 8.6% for the shortlong regimen. The rate of in utero transmission—documented using pcr
testing at birth—was significantly higher in the two groups employing
shorter maternal treatment (5.1%) than in the two groups employing
longer maternal treatment (1.6%).
In conclusion, short-short zidovudine quickly proved to be inferior
to the long-long regimen and led to a higher rate of perinatal hiv
transmission. Conversely, the long-short, short-long, and long-long
regimens had equivalent efficacy. However, the risk of in utero transmission associated with the short-long regimen was of major concern
to the investigators. “The extent of suppression of in utero transmission
depends on the duration of antiretroviral treatment during the later part
of pregnancy,” the authors summarized in their New England Journal of
Medicine report. “We suggest that to improve prevention programs
that currently use a short course of zidovudine, the best option would
be to implement the long-short regimen. The seven additional weeks of
maternal treatment will prevent an important fraction of in utero transmissions and at a minimal extra cost, given that most women will
have already received counseling and undergone hiv testing.”

Source: Shaffer, 1999; Wiktor, 1999

prenatal drug regimen was 27 days and the median duration of labor was
7.5 hours. Among babies with known infection status at age three
months, 30/115 (26.1%) babies in the placebo group and 19/115 (16.5%)
in the zidovudine group were documented to have hiv infection. The estimated risk of transmission in the placebo and zidovudine groups were
21.7% and 12.2% at four weeks and 24.9% and 15.7% at three months.
And just as in the Thai study, no statistically significant difference in the
adverse event rates between the two groups was documented.
While these data are extremely encouraging, transmission rates
with the use of short-course zidovudine therapy—in both breastfeeding
and non-breastfeeding mother-infant pairs—were several points shy of
those seen in pactg 076. Thus, an additional study was conducted,
comparing four zidovudine regimens of varying duration in mothers and
infants (formula-fed only), to determine the most effective and resourceful approach to achieve greater effectiveness (Lallemant, 2000).
The Perinatal hiv Prevention Trial (phpt) was a complex undertaking
and involved randomizing women in a 2:1:1:2 fashion into one of four
treatment groups. The long-long group received zidovudine from 28
weeks’ gestation through delivery, with zidovudine given to the infant
from birth through week six. The short-short group received placebo
starting at 28 weeks’ gestation and then received zidovudine from 35
weeks’ gestation through delivery, with the infant receiving zidovu6

Nevirapine to the Fore
throughout its development for the treatment of hiv infection,
nevirapine (Viramune)—Boehringer Ingelheim’s non-nucleoside reverse transcriptase inhibitor (nnrti)—was being eyed carefully by experts in the field of perinatal hiv care. Compared with zidovudine,
nevirapine is considerably more potent in vitro and capable of suppressing hiv replication in vivo much more effectively and quickly. It is
rapidly absorbed when taken orally, entering the bloodstream and halting viral replication almost immediately. It has a considerably long
half-life: 61 to 66 hours in pregnant women and 45 to 54 hours in infants. Nevirapine has been documented to cross the placental barrier in
concentrations sufficient to reduce hiv replication. In turn, a hypothesis was born: that a short course of nevirapine therapy—a single oral
dose administered to an hiv-infected pregnant woman at the onset of
labor, along with a single oral dose given to the newborn—would be a
simpler and more cost-effective approach to reduce perinatal hiv transmission, particularly in the absence of perinatal care, compared to
short- and long-course zidovudine treatment.
To evaluate this approach, investigators at Makerere University in
Kampala, Uganda—in collaboration with researchers at Johns Hopkins
University School of Medicine—conducted hivnet 012, a clinical trial
comparing the safety and efficacy of short-course nevirapine or zi-
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dovudine during labor and the infant’s first week of life (Guay, 1999).
From November 1997 to April 1999, the study team enrolled 626 hivinfected pregnant women at Mulago Hospital in Kampala. The women
were randomly assigned to receive either nevirapine 200 mg orally at the
onset of labor (and 2 mg/kg to the infants within 72 hours of birth) or
zidovudine 600 mg orally at the onset of labor and 300 mg every three
hours until delivery (and 4 mg/kg orally twice daily to the infants for
seven days after birth). Nearly all infants (98.8%) were breastfed, and
95.6% were still breastfeeding at age 16 weeks.
The estimated risks of perinatal hiv transmission in the zidovudine
and nevirapine groups were, respectively, 10.4% and 8.2% at birth,
21.3% and 11.9% by eight weeks of age, and 25.1% and 13.1% by 16
weeks of age—a reduction in perinatal transmission, favoring shortcourse nevirapine over short-course zidovudine, by 47%. Additional follow-up data indicated that the reduction in transmission was maintained:
after 18 months, the estimated risk was 25.5% in the zidovudine group
and 15.7% in the nevirapine group.
“hivnet 012 was an extremely important study,” commented Dr.
Abrams. “It helped galvanize efforts to set up simple and cheap perinatal
prevention programs in some of the poorest parts of the world. Since this
study was published, the Elizabeth Glaser Pediatric aids Foundation,
working with governments, healthcare providers, ministries, provinces,
and individuals—a whole assortment of groups and individuals—has
actively set up programs using single-dose nevirapine in more than 17
countries. They estimate that more than a million women have received single-dose nevirapine since these programs went into effect.
We’ve also seen many governments develop national plans to roll out single-dose nevirapine for perinatal prevention.”
While the results of hivnet 012 solidified the importance of nevirapine as an agent to help prevent perinatal hiv transmission, the infection rates were still higher than those seen in pactg 076 and significantly higher than the transmission rates seen today in the United
States in association with the use of combination antiretroviral therapy.
In turn, the phpt group—responsible for the study evaluating varying
courses of zidovudine in hiv-infected pregnant women and infants
discussed above—conducted a second study (dubbed phpt-2) to examine whether adding a single dose of nevirapine to a short-course zidovudine could help further reduce mtct hiv transmission rates (Lallemant, 2004).
Between January 2001 and February 2004, the study randomized

TABLE 1.

1,844 hiv-positive women to one of three treatment groups: zidovudine
alone, started at 28 weeks’ gestation and continued through labor, delivery, and to the infant for six weeks after birth (placebo-placebo group);
zidovudine plus single-dose nevirapine (200 mg) given to the woman at
the onset of labor but not the infant (nvp-placebo group); or zidovudine
plus single-dose nevirapine given to the woman at the onset of labor and
to the infant after birth (nvp-nvp group). All women formula fed their
infants after delivery. An interim analysis conducted in May 2002, involving the first 629 infants born in the study, demonstrated a significant reduction in vertical transmission in all nvp-treated mothers. In
turn, the placebo-placebo group was dropped.
In the intent-to-treat analysis conducted in May 2002, a significant reduction in vertical transmission was seen in the nvp-nvp group compared
with the placebo-placebo group (1.1% vs. 6.3% transmission rate respectively). In the nvp-placebo group, the rate was 2.1%. As for the final
intent-to-treat analysis, the transmission rate among those in the nvp-nvp
group was 2.0%, compared to a transmission rate of 2.8% in the nvpplacebo group. Results were similar in the as-treated analysis.
“What’s so important about these transmission rates in this nonbreastfeeding population is that they parallel what we’re seeing in the
U.S. and Europe, using much more complicated regimens with much
more frequent and greater toxicities,” Dr. Abrams said. “This combined regimen does offer a more simplified and less toxic regimen
that we can move forward with in resource-poor areas.”

Nevirapine Resistance
unfortunately, the news is not entirely rosy when it comes to
nevirapine for the prevention of perinatal hiv transmission. Data from
various studies have demonstrated relatively high rates of nnrti resistance developing in women receiving single-dose nevirapine, which
has raised a number of questions about the long-term clinical and public health consequences of nevirapine use in this setting (see Table 1).
At least two studies presented at the xv International aids Conference,
held this past summer in Bangkok, described the incidence and persistence of nnrti-resistant hiv following single-dose nevirapine therapy.
The first study was a prospective evaluation of 623 women-infant
pairs receiving single-dose nevirapine in South Africa (Morris, 2004). After six weeks, blood samples were analyzed for evidence of nevirapine

Rates of Nevirapine Resistance in Women after mtct Treatment

Study

Drug

Resistance (%)

Time of Sample

Mutation Frequency

HIVNET 006

Single-dose nevirapine

20%

6 weeks postpartum

K103N (3/3)

HIVNET 012

Single-dose nevirapine

25%

6 to 8 weeks postpartum

K103N (19/21)
Y181C (5/21)

PACTG 316

Antiretroviral therapy* plus
single-dose nevirapine

15%

6 weeks postpartum

K103N (9/14)
Y181C (3/14)

HIVNET 023

Single-dose nevirapine

28%

8 weeks postpartum

K103N (8/10)
Y181C (2/10)

SAINT

Two doses of nevirapine

67%

4 to 6 weeks postpartum

K103N (62%)
Y181C (45%)

PHPT-2

Zidovudine plus single-dose
nevirapine

20%

12 days postpartum

K103N (21%)
Y181C (2%)

* Women in pactg 316 study also received zidovudine, zidovudine/lamivudine, or other drug combinations with and without protease inhibitors.
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resistance. Women or infants who had evidence of nevirapine resistance
at six weeks were tested again at six months. At baseline—prior to the
administration of nevirapine at the onset of labor—only 2% of the
women in this study had evidence of nevirapine resistance. At six
weeks after receiving single-dose nevirapine, 38% of the women and
62% of the infants had reverse transcriptase mutations consistent with
resistance to nevirapine. After six months, 14% of the women and
36% of the infants still had evidence of nevirapine resistance. Development of resistance mutations occurred more frequently among
women who had a high viral load and a low cd4+ cell count. However,
the incidence of mutation fading was evenly distributed among women
with low and high cd4+ cell counts. The most common reverse transcriptase mutations were K103N in the women and Y181C in the infants.
The second report at the xv International aids Conference involved
follow-up data from phpt-2, which went on to be published in the New
England Journal of Medicine soon thereafter (Jourdain, 2004). As is
discussed above, phpt-2 randomly assigned 1,844 Thai hiv-positive
women who received zidovudine during the third trimester of pregnancy
to receive intrapartum nevirapine or placebo. Ten days, six weeks, and
four months after delivery, the women were examined; this included
physical and laboratory evaluations. If any of the women, at any of
these time points, had a cd4+ count below 250 cells/mm3, they were
offered twice-daily gpovir, a fixed-dose combination (fdc) containing single generic doses of nevirapine, stavudine, and lamivudine.
Among the 1,844 women enrolled in phpt-2, 269 women received
a postpartum nevirapine-based combination regimen (all but one received gpovir). As a result of the termination of the placebo group after
the first interim analysis, 221 women received a single intrapartum dose
of nevirapine and 48 did not.
A total of 209/221 (95%) women who had received intrapartum
nevirapine and 47/48 (98%) who had not received intrapartum nevirapine underwent genotyping of blood samples obtained 10 days after
delivery. Plasma samples were available for hiv-rna evaluations in
87% and 92% of the women respectively, three months after the initiation of haart, and in 85% of both groups at six months.
No nnrti resistance mutations were found among the women who
had not received intrapartum nevirapine, whereas 66/209 (32%) women
who had received intrapartum nevirapine had at least one nnrti resistance mutation. Eight women (4%) had two mutations and two (1%) had
three mutations. The most common resistance mutation was K103N, occurring in 21%. Owing to a false or prolonged labor, nine women received
a second dose of intrapartum nevirapine and one received a third dose.
None of these 10 had nnrti resistance mutations at 10 days.
Three months after the initiation of combination antiretroviral
therapy, hiv-rna levels were below 50 copies/mL in 80/236 (34%) of the
women, with no significant differences according to intrapartum exposure to nevirapine. Six months after the initiation of combination antiretroviral therapy, hiv-rna levels were below 50 copies/mL in 92/188
(49%) women who had received intrapartum nevirapine, compared
with 28/41 (68%) women who had not received intrapartum nevirapine.
The univariate analysis showed that virologic failure six months after the initiation of combination antiretroviral therapy was associated
with several factors: a viral load at or above the median at the beginning
of therapy, a cd4+ count below the median of 174 cells/mm3, intrapartum exposure to nevirapine, the detection of nnrti resistance
mutations, and the detection of nrti resistance mutations. And in the
multivariate analysis, a viral load at or above the median at the beginning of combination antiretroviral therapy—as compared with one
that was below the median—and exposure to nevirapine during
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labor—as compared with no exposure—were independently associated
with virologic failure at six months.
“Needless to say, these were not study results that everyone was hoping to see,” Dr. Abrams pointed out. “Based on these data, we see that
women who have been exposed to single-dose nevirapine may not
have as robust a response to nevirapine-based therapy, at least in the
short run, when they start treatment for their own health. However, it’s
hard to draw any firm conclusions from one study and, fortunately, there
are other studies that will be looking at this situation.”
As summarized by Dr. Abrams, studies are currently ongoing to
assess the efficacy of nnrti-based treatment in single-dose nevirapine-exposed women. “We need to take a closer look at the effectiveness of
nevirapine-based therapy in these women, compared to women who
don’t use single-dose nevirapine in pregnancy,” she commented. “Studies are also evaluating the safety and effectiveness of non-nnrti regimens
in these women as well.” There is also a dire need to diminish the rate of
nnrti resistance associated with single-dose nevirapine therapy in pregnancy. “Studying short-course combination regimens, that include nevirapine, is necessary,” Dr. Abrams added. “These regimens may not need
to be taken for very long at all, but they should involve agents that cross
the placenta and have a high genetic barrier to resistance.” Studies are also
under way to evaluate the effectiveness of single-dose nevirapine in hivinfected women who become pregnant a second time, “particularly if they
developed resistance to nevirapine the first time around.”

Nevirapine Toxicity and Adverse Events
increases in hepatitis transaminase levels, associated with rash
and other systemic symptoms, have not been observed in studies evaluating short-course nevirapine for the prevention of perinatal hiv
transmission. However, for hiv-positive pregnant women receiving
chronic nevirapine therapy, these side effects are of significance.
As is stated in the Public Health Service Task Force Recommendations
for Use of Antiretroviral Drugs in Pregnant hiv-1-Infected Women for Maternal
Health, the development of severe nevirapine-associated skin rash has
been reported to be 5.5 to 7.3 times more common in women than men,
and has been reported in pregnant women (Public Health Service Task
Force, 2004). Other studies have found that hepatic adverse events with
systemic symptoms—predominantly rash—were 3.2-fold more common in women than men.
The degree of risk for hepatic toxicity varies with cd4+ cell count. In
a summary analysis of data from 17 clinical trials of nevirapine therapy
discussed in the Recommendations, women with cd4+ counts greater than
250 cells/mm3 were 9.8 times more likely than women with lower cd4+
cell counts to experience symptomatic, rash-associated, nevirapine-related
hepatotoxicity. Higher cd4+ cell counts have also been associated with increased risk of severe nevirapine-associated skin rash.
In controlled clinical trials, clinical hepatic events, regardless of
severity, occurred in 4.0% of patients who received nevirapine; however, the risk of nevirapine-associated liver failure or hepatic mortality is
quite rare (~0.04% to 0.4%). Severe or life-threatening rash occurs in approximately 2% of patients receiving nevirapine.
Although deaths due to hepatic failure have been reported in hivinfected pregnant women receiving nevirapine as part of a combination
antiretroviral regimen, it is unknown if pregnancy increases the risk of
hepatotoxicity in women receiving nevirapine or other antiretroviral
drugs. Because pregnancy itself can mimic some of the early symptoms
of hepatotoxicity, it’s very important for clinicians caring for women re-
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ceiving nevirapine during pregnancy to be aware of this potential complication and conduct frequent and careful monitoring of clinical symptoms and hepatic transaminases, particularly during the first 18 weeks
of therapy. Nevirapine should also be used with caution in pregnant antiretroviral-naive women who are being started on combination antiretroviral therapy for the purpose of preventing perinatal hiv transmission, but who have cd4+ cell counts that would not otherwise indicate that they require therapy for their own health.
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