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Background. Intrapartum single-dose (SD) nevirapine (NVP) reduces perinatal transmission of human
immunodeficiency virus (HIV) infection but selects for NVP-resistant virus, which compromises subsequent
NVP-based therapy. A 1-week “tail” of lamivudine and zidovudine after SD-NVP decreases the risk of resistance.
We hypothesized that increasing the duration or potency of the tail would further reduce this risk to <<10%, using
a sensitive assay to measure resistance.

Methods. HIV-infected pregnant Thai women with a CD4 cell count >250 cells/pL, most receiving
zidovudine, were randomized at 28-38 weeks gestation to receive 1 of 3 intrapartum and postpartum regimens:
(A) zidovudine plus enteric-coated didanosine plus lopinavir and ritonavir for 7 days, (B) zidovudine plus enteric-coated
didanosine for 30 days, or (C) regimen 1 for 30 days. The incidence of NVP resistance mutations at day 10 or week 6 post
partum in each arm was compared with that of a historical comparison group who received prenatal zidovudine and
SD-NVP. NVP resistance was identified by consensus sequencing and a sensitive oligonucleotide ligation assay (OLA).

Results. At entry, the 169 participants had a median CD4 cell count of 456 cells/uL and an HIV load of
3.491og;, copies/mL. The incidence of mutations in each of the 3 P1032 arms was 0% by sequencing and 1.8%, 7.1%, and
5.3% by OLA in arms A, B, and C, respectively, compared with 13.4% by sequencing and 29.4% by OLA in the
comparison group (P < .001 for each study arm vs comparison group). Grade 4 anemia developed in 1 woman.

Conclusions. A 7-day tail of highly active combination therapy or 1 month of dual therapy after SD-NVP
prevents most NVP resistance to minimal toxicity.

Clinical Trials Registration. The IMPAACT P1032 Clinical Trial is NCT00109590, and the PHPT-2 Clinical
Trial is NCT00398684.
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The administration of single-dose (SD) nevirapine (NVP) at de-
livery to human immunodeficiency virus (HIV)-infected
pregnant women and their newborns after antenatal zidovudine
therapy decreases the risk of perinatal mother-to-child trans-
mission (MTCT) of HIV infection to 1.9% among formula-fed
infants [1]. However, SD-NVP commonly leads to the em-
ergence of NVP-resistant virus in the mother, with =85% of
mothers having resistant virus detectable using sensitive as-
says [2, 3]. The resistant virus becomes undetectable in most
women 12-24 months after delivery but may persist at a low
frequency in plasma or lymphocytes [2, 4-6]. Furthermore,
receipt of SD-NVP increases the risk of failure of subsequent
NVP-containing therapy, particularly if initiated within the
first 6-24 months after receiving SD-NVP [7-13].

The Treatment Options Preservation Study (TOPS) study
demonstrated that the addition of a short (4- or 7-day)
postpartum course (“tail”’) of zidovudine plus lamivudine
after SD-NVP reduced the incidence of NVP resistance
mutations from 59% to 12% and 7.3%, respectively, when
measured by consensus sequencing, an insensitive assay [14].
Other effective tails include 3 days of zidovudine and lam-
ivudine (1.4% NVP resistance by sequencing) [15], a single
dose of tenofovir and emtricitabine (12% by sequencing and
19% by the sensitive oligonucleotide ligation assay [OLA])
[16, 17] and 7 days of tenofovir and emtricitabine (none
by sequencing) [18, 19]. Extending the duration of the tail
may increase its effectiveness, with 1 month of zidovudine
and didanosine resulting in an incidence of resistance of 0%
by sequencing and 1.8% by OLA [20]. Use of a zidovudine
and lamivudine tail can also result in lamivudine resistance,
particularly among women who receive prenatal lamivudine
[15]. The World Health Organization recommends a 7-day
tail of zidovudine plus lamivudine for women who receive
SD-NVP [21].

The plasma half-life of NVP after SD-NVP is long, and plasma
concentrations persist at subtherapeutic concentrations for
3—4 weeks, which in the presence of viral replication, favors
the selection of resistant virus [22]. The rationale for the tail
is to suppress viral replication until NVP plasma concentra-
tions decrease to a level that will not promote the emergence
of resistant virus. We hypothesized that increasing the duration
or potency of the tail after SD-NVP therapy would decrease
the incidence of NVP-resistant virus to <10% when measured

with a sensitive assay.

METHODS

Study Design

International Maternal Pediatric and Adolescent AIDS Clinical
Trials Group (IMPAACT) P1032 was a phase II, randomized,
open-label, 3-treatment-arm study conducted in Thailand from

June 2006 through June 2008. We included a historical com-
parison group without a postpartum tail.

Study Population

We recruited HIV-infected pregnant women (28-38 weeks ges-
tation) at 7 IMPAACT-affiliated sites in Thailand. Participants
were =18 years of age, had a CD4 cell count >250 cells/pL
within 30 days before screening, and were antiretroviral naive
except for zidovudine prophylaxis to prevent MTCT of HIV
infection. Exclusion criteria included intent to breast-feed,
anticipated need for antiretroviral therapy within 8 weeks after
delivery, and use of specified contraindicated medications.

Historical Comparison Group

Participant data and specimens were selected from the PHPT-2
study conducted in Thailand from 2001 through 2003 at 5 P1032
sites [1]. PHPT-2 evaluated the efficacy of SD-NVP to prevent
MTCT among HIV-infected pregnant women receiving zido-
vudine with no postpartum antiretroviral tail. Inclusion criteria
included receipt of SD-NVP, CD4 cell count >250 cells/uL
within 30 days before screening, and availability of plasma
samples at 10 days and 6 weeks post partum.

P1032 Study Treatments

Use of zidovudine after 27 weeks gestation was encouraged. At
enrollment, participants were randomized equally to 3 treatment
arms. Assignment was blinded until the onset of labor, when
a single oral dose of NVP (200 milligrams) was administered.
For prolonged labor, a second NVP dose was administered
48 hours later. Participants in arm A received zidovudine,
didanosine, and lopinavir plus ritonavir during labor and for
7 days post partum. Participants in arm B received zidovudine
and didanosine during labor and for 30 days post partum.
Participants in arm C received the drugs in arm A for 30 days
post partum. Drug doses were zidovudine (300 milligrams every
3 hours during labor and every 12 hours post partum irrespective
of food), didanosine delayed-release enteric-coated capsule
(400 milligrams, 250 milligrams if body weight <60 kilograms)
once daily during labor and post partum without food, and
lopinavir (400 milligrams) and ritonavir (100 milligrams)
fixed-dose soft-gel capsules twice daily during labor and post
partum with food. We demonstrated adequate lopinavir levels
through 30 days post partum with the 400/100 milligrams lo-
pinavir/ritonavir dose [23]. Infants received SD-NVP within
3 days after birth and zidovudine for 1-6 weeks, according to
the local standard of care.

Evaluation and Follow-Up

We obtained a maternal medical history, performed physical ex-
amination, and collected blood samples for quantitative plasma
HIV load and resistance testing at entry; delivery; at postpartum
days 10, 21, and 30; and at weeks 5, 6, 8, 12, and 24 and, if NVP
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resistance mutations were identified, at weeks 36, 48, and 72.
CD4 cell counts were obtained at entry, delivery, and week 24.
Safety laboratory tests were performed at entry, delivery, days
10 and 30, and week 24. Adverse events were graded using the
Division of AIDS criteria [24]. Adherence to study medications
was obtained by self-report.

For infants, we obtained a infant medical history, per-
formed physical examination, and collected blood samples
within 48 hours after birth; at 3, 5, and 12 weeks of age; and,
in HIV-infected infants, at 16 and 24 weeks of age. Safety
laboratory tests were performed at birth and at 21 days of age.
Infant HIV infection was defined as 2 separate blood samples
positive for HIV-1 DNA or RNA (>10 000 copies/mL) by
polymerase chain reaction testing.

Drug Resistance Testing

Resistance mutations were defined using the International Anti-
viral Society—USA 2008 guidelines [25]. Resistance testing was
performed at the Institut de Recherche pour le Développement
UMI 174/Programs for HIV Prevention and Treatment (PHPT)
Laboratory in Chiang Mai, Thailand. Plasma samples with a viral
load >500 copies/mL were first tested for NVP resistance by
consensus sequencing, which detects mutations present in
20%-50% of the viral population [26]. If negative, the samples
were tested by OLA (optimized for HIV subtype AE) for NVP
resistance mutations in the reverse transcriptase gene (codons
103, 181, and 190) [27, 28]. The OLA detects mutations present
in >5% of the viral population [29]. For participants to be
considered to be free of NVP-resistance mutations, all samples
had to test negative by both assays. Samples with a viral load
<<500 copies/mL were considered to be free of mutations.

Women with resistance mutations identified by either assay
post-partum were tested for preexisting mutation at study entry
and delivery. In addition, when mutations were identified by
OLA at any time, plasma and peripheral blood mononuclear
cell samples from weeks 12, 24, 36, 48, and 72 were tested
by OLA. HIV-infected infants were tested for resistance by
sequencing and OLA.

For women in P1032, we tested all week 5 samples by OLA
for zidovudine resistance mutations (T215F/Y and K70R). In
addition, the first sample with a viral load >500 copies/mL
after discontinuation of study treatment was tested for didano-
sine (L74V) and lopinavir (V82 A/S/T) resistance by sequencing
and OLA.

Statistical Analysis

The analysis included all randomized women who received
intrapartum NVP. Group characteristics were compared using
the Wilcoxon rank-sum test for continuous variables and
Fisher’s exact test for categorical variables. The primary efficacy
analyses (1) estimated the incidence of new NVP resistance

mutations in plasma HIV within 8 weeks post partum in each
study arm with use of an exact binomial confidence interval
(CI) and (2) compared the incidence of mutations at day 10 or
week 6 post partum in each study arm with that in the
comparison group, with use of Fisher’s exact test and exact
logistic regression to adjust for baseline differences in age,
CD4 cell count, and viral load at entry. Safety analyses in-
cluded maternal adverse events with grades of >2 or leading
to a change in study medications and all infant adverse events.
All P values were 2-sided, with differences considered signif-
icant at P < .05. Statistical analyses were performed using SAS
software, version 9.1 (SAS Institute), and LogXact software,
version 8.0 (Cytel).

The sample size of 42 evaluable women per arm provided
=90% power to detect a difference in incidence of new muta-
tions between any study arm and the comparison group of 40%
versus 10%, with a 2-sided .05 type I error rate (with Bonferroni
adjustment for 3 comparisons), allowing for 1 interim efficacy
analysis. The target enrollment was initially 150 women
(to allow for 15% nonevaluable) but, before data analysis,
was increased to 175 to provide 42 evaluable women per arm
with an entry viral load >500 copies/mL.

Ethics, Consent, and Monitoring

The protocol was approved by the institutional review committees
of the Thai Ministry of Public Health, Chiang Mai University,
Mahidol University, and Tulane University. All participants
provided written consent using consent forms written in Thai.
An independent Data and Safety Monitoring Board reviewed
the study annually and recommended continuation.

RESULTS

Study Participants

Of 175 enrolled women, 2 were excluded before delivery (consent
withdrawal and enrollment error). Four women did not receive
study drugs (3 delivered before reaching the maternity unit, 1 had
elevated liver enzymes). The remaining 169 women and 170 live-
born infants (1 set of twins) are included in the analysis. The
baseline characteristics in the 3 study arms were similar (Table 1).
At entry, women in the PHPT-2 comparison group were slightly
younger, less likely to be receiving zidovudine, and had a lower
median CD4 cell count and higher HIV load, compared with the
P1032 study participants (Table 1).

Completion of Study Treatment, Adherence, and Follow-Up

One woman in each P1032 arm did not complete study treat-
ment because of use of disallowed medications. One woman in
arm A was unavailable for follow-up after her 5-week study visit,
and 1 in arm C after her 8-week visit. Only 4 women reported
incomplete adherence to study medications.
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Table 1. Characteristics of Mothers at Entry and Delivery®

P1032

Arm A (ZDV, ddl, and Arm B (ZDV and

Arm C (ZDV, ddI,

LPV/r X 7 days) ddl X 30 days) and LPV/r X 30 days) PHPT-2 Comparison

Characteristic (n = 56) (n = 56) (n =57) Total (n = 169) Group (n = 119) PP
Age at entry, years 27 (19— 45) 28 (18- 39) 27 (18- 39) 28 (18- 45) 26 (15— 39) .03
Gestational age at entry, week 32 (28-37) 31 (27-38) 31 (28-37) 31 (27-38) 31 (20-41) NS
Received ZDV, No. (%)

During pregnancy 56 (100) 56 (100) 55 (96) 167 (99) 119 (100) NS

Before entry viral load 45 (80) 42 (75) 44 (77) 131 (78) 23 (19) <.001
Duration of ZDV during

pregnancy, week

At entry 3 (0-9) 2 (0-10) 2 (0-27) 2 (0-27) 2 (1-6) NS

At delivery 10 (2-16) 11 (5-18) 10 (0-31) 10 (0-31) 10 (2-16) NS
CD4 cell count, cells/uL

At entry 431 (262-1233) 413 (251-1024) 481 (262-1183) 456 (251-1233) 414 (251-999) .05

At delivery 484 (70-1001) 517 (198-1150) 566 (222-1182) 513 (70-1182) NA
Plasma HIV load,

logo copies/mL

At entry 3.48 (2.60-4.98)  3.52 (1.00-4.99) 3.54 (2.60-5.05)  3.49 (1.00-5.05) 4.04 (1.65-5.91) <.001

At delivery 3.63 (1.70-4.90) 3.36 (1.70-4.83)  3.48(1.70-4.71)  3.48 (1.70-4.90) NA
Plasma HIV load

=500 copies/mL, No. (%)

At entry 15 (26) 14 (25) 14 (25) 43 (25) 9(8) <.001

At delivery 16 (29) 15 (27) 12 (21) 43 (25) NA

Abbreviations: ddl, didanosine; HIV, human immunodeficiency virus; LPV/r, lopinavir and ritonavir; NA, not available; NS, not significant (P > .05); PHPT, Programs

for HIV Prevention and Treatment; ZDV, zidovudine.
@ Data are expressed as median (range), unless otherwise specified.

® Comparison of P1032 total and PHPT-2. Fisher exact test was used for dichotomous variables, and Wilcoxon test for continuous variables.

Incidence of NVP Resistance Mutations in P1032 Study Arms

To determine the overall incidence of NVP resistance mutations
among women enrolled in P1032, we included all samples ob-
tained from day 10 through week 8 post partum. No mutations
were detected by consensus sequencing. With both sequencing
and OLA, 4 women had NVP resistance mutations present at
baseline and 13 (7.7%) met the primary end point by acquiring
a new NVP resistance mutation in the first 8 weeks after delivery
(G190A developed in 10 women, K103N in 2, and Y181C in 1).
(Table 2) We included 2 women with missing baseline samples
who were considered to have new mutations. The incidence
of NVP resistance mutations was 5.4%, 12.5%, and 5.3% in
arms A, B, and C, respectively, with overlapping CIs. When
the participant unavailable for follow-up after week 5 was con-
servatively imputed to have developed resistance, the incidence
of resistance in arm A was 7.1%. One woman received 2 doses,
and 1 woman 3 doses of NVP because of prolonged labor;
neither woman developed NVP resistance mutations.

Incidence of NVP Resistance Mutations in P1032 and PHPT-2
To compare the incidence of NVP-resistance mutations in
P1032 and PHPT-2, only P1032 samples from day 10 and

week 6 post partum were considered, because these corre-
spond to the available samples from PHPT-2. By consensus
sequencing, the incidence of resistance mutations was 0% for
P1032 and 13% for PHPT-2 (among 112 participants with
available samples) (Table 3). By both resistance assays, the
incidence of resistance in each P1032 arm was significantly
lower than that in PHPT-2 (1.8%, 7.1%, and 5.3% for P1032
arms A, B, and C respectively, versus 29% for the PHPT-2
comparison group; all P <.001). When missing samples were
imputed to have resistance, the results were similar (Table 3,
Figure 1). We also limited the analysis to women with an
entry plasma HIV RNA level >500 copies/mL to exclude
women likely to have samples that could not be tested for
resistance. Although the overall incidence of resistance was
slightly higher, the differences between the 2 studies were
similar (4.9%, 9.5%, and 7.0 % vs 33.6%; all P < .001). In
logistic regression analyses adjusting for the baseline log,
plasma HIV RNA concentration, CD4 cell count, and age, the
odds of resistance developing remained significantly lower in
each study arm than in the comparison group (odds ratio, 0.11
[95% CI, .01-.48]; 0.30 [.07-.99]; 0.16 [.03—.58] and for arms
A, B, and C, respectively, vs PHPT-2).
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Table 2. P1032 Participants: Incidence of Nevirapine Resistance Mutations at Any Visit From Day 10 Through 8 Weeks

Arm A (ZDV, ddl, Arm B (ZDV and Arm C (ZDV, ddl,
and LPV/r X 7 days) ddl X 30 days) and LPV/r X 30 days)
Variable (n = 56)7 (n = 56) (n =57) Total (n = 169)
Mutations detected by sequencing
New mutations, No. 0 0 0 0
95% Cl, % 0-6.4 0-6.4 0-6.3 0-2.2
New mutations, (missing samples 1(1.8) 0 0 1(0.6)
imputed as resistant), No. (%)?
95% Cl, % .07-9.5 0-6.4 0-6.3 .01-3.3
Mutations detected by both sequencing and OLA
Present at baseline, No.? 3 1 0 4
New mutations, No. (%) 3 (5.4) 6(10.7) 2 (3.5) 11 (6.5)
Mutations with missing baseline results, No. 0 1 1 2
Total new mutations, No. (%) 3(5.4) 7 (12.5) 3(5.3) 13(7.7)
95% Cl, % 1.1-14.9 5.2-24.1 1.1-14.6 4.2-12.8
Mutations detected by both sequencing and OLA,
missing samples imputed as resistant
New mutations, No. (%)? 4(7.1) 7 (12.5) 3 (5.3) 14 (8.3)
95% Cl, % 2.0-17.3 5.2-24.1 1.1-14.6 4.6-13.5
New mutations among subjects with 4/41 (9.8) 6/42 (14.3) 3/43 (7.0) 13/126 (10.3)
RNA >500 copies/mL at entry, No. (%)
95% Cl, % 2.7-23.1 5.4-28.5 1.5-19.1 5.6-17.0

Abbreviations: Cl, confidence interval; ddl, didanosine; LPV/r, lopinavir and ritonavir; OLA, oligonucleotide ligation assay; ZDV, zidovudine.

@ Week 6 and 8 samples were missing for 1 subject in arm A.

© Baseline samples were tested only if a mutation was found in a later sample.

¢ Mutations that were not present at baseline. Inarms A, B, and C, respectively, 4, 8, and 6 subjects had RNA levels <500 copies/mL at all visits and were assumed

to have no resistance mutations.
4 Assuming that mutations with missing baseline results were new.

Maternal Follow-up and Persistence of Mutations in P1032

At 24 weeks post partum, the median CD4 cell count and viral
load was similar in the 3 arms (460 cells/uL and 1260 copies/mL
overall, respectively). At 72 weeks post partum, among women
in whom resistance developed within 8 weeks post partum, no
mutations were detected by OLA in plasma samples, and only
1 woman had a mutation (G190A) detected in peripheral blood
mononuclear cells by OLA.

Incidence of Zidovudine, Didanoesine, and Lopinavir Resistance
Mutations

Only 1 woman (arm B) had a new zidovudine resistance mutation
(K70R), first detected by sequencing and OLA at 5 weeks post
partum. No major didanosine or lopinavir resistance mutations

were identified.

Maternal Adverse Events
There were no significant differences between study arms in the
frequency of clinical or laboratory abnormalities. Two women
had grade 3 diarrhea; 1, grade 3 vomiting, and 2, anemia (grade
3 and grade 4 in 1 each).

Outcomes in Infants

The 170 infants (55% male) had a median gestational age of
39 weeks (8% preterm) and birth weight of 3.04 kg. Infant
characteristics were similar in the 3 study arms. There were no
statistically significant differences between study arms in the
frequency of clinical or laboratory abnormalities. A grade
3 abnormal heart rhythm developed in 1 infant, and another
infant died of complications of trisomy 21; 11 had grade
4 laboratory abnormalities (anemia in 3, hyperkalemia in
4, and hyperglycemia in 4).

Two infants (1.2%) became HIV-1 infected, 1 with a positive
HIV-1 DNA polymerase chain reaction result at birth and 1 with
a positive DNA test result at 24 weeks of age after completing
study follow-up, with negative DNA test results at birth and
weeks 3, 5, and 12. One hundred sixty-six infants were con-
firmed to be uninfected, and 2 had indeterminate infection
status, although both had negative viral tests at 3 and 5 weeks
of age (1 was unavailable for follow-up at 5 weeks, and 1 died
at 8 weeks). No resistance mutations were detected in either of
the infected infants.
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Table 3. P1032 and PHPT-2 Participants: Incidence of Nevirapine Resistance Mutations at Day 10 or Week 6 Post Partum

P1032
Arm A (ZDV, ddl, Arm B (ZDV Arm C (ZDV, ddl, PHPT-2
and LPV/r X 7 days) and ddI X 30 days) and LPV/r X 30 days) Comparison

at entry, %

Variable (n = 569 (n = 56) (n=57) Group (n = 119)
New mutations detected by sequencing, No. (%) 0 0 0 15/112° (13.4)
95% Cl, % 0.0-6.4 0.0-6.4 0.0-6.4 7.7-21.2
New mutations detected by sequencing, missing 1(1.8)7 0 0 22/112° (19.6)
samples imputed as resistant, No. (%)?
95% Cl, % .07-9.5 0-6.4 0-6.3 12.7-28.2%
Mutations detected by both sequencing and OLA
Mutations present at baseline, No.© 2 1 0 2
New mutations, No. (%)% 1(1.8) 3 (5.4) 2 (3.5) 35 (29.4)
95% Cl, % .07-9.5 1.1-14.9 5-12.1 21.4-38.5
Mutations with missing baseline results, No. 0 1 1 0
Total with new mutations, No. (%)® 1(1.8)2 4(7.1) 3(5.3) 35 (29.4)f
95% Cl, % .07-9.5 2.0-17.3 1.1-14.6 21.4-38.5
Mutations detected by both sequencing and OLA,
missing samples imputed as resistant®f
Incidence of new mutations, No. (%) 2 (3.6) 4(7.1) 3(5.3) 36 (30.3)
95% Cl, % b5-12.3 2.0-17.3 1.1-14.6 22.2-39.3
95% CI for difference between each P1032 arm and 11.8-42.2 7.8-38.9 9.9-40.7
PHPT-2, % (P < .001) (P < .001) (P < .001)
New mutations in subjects with RNA >500 copies/mL 2/41 (4.9) 4/42 (9.5) 3/43 (7.0) 36/107 (33.6)
at entry, No. (%)
95% Cl, % .6-16.6 2.7-22.6 1.5-19.1 24.8-43.4
95% CI for difference between each P1032 arm 11.2-46.3 6.4-41.9 9.1-44.1
and PHPT-2 among subjects with RNA >500 copies/mL (P < .001) (P < .001) (P < .001)

Abbreviations: Cl, confidence interval; ddl, didanosine; LPV/r, lopinavir and ritonavir; OLA, oligonucleotide ligation assay; ZDV, zidovudine.

@ The week 6 sample was missing for 1 subject in arm A.

® There were 7 subjects with no results, 15 with new mutations (no missing baseline results), and 7 missing either day 10 or week 6 results.

¢ Baseline samples were tested only if a mutation was found in a later sample.

4 Mutations that were not present at baseline. Five, 17, and 15 subjects in arms A, B, and C, respectively, and 21 in PHPT-2 had RNA levels <500 copies/mL at both

visits and were assumed to have no resistance mutations.
¢ Assuming that mutations with missing baseline results are new.
f One PHPT-2 subject missing day 10 sequencing and OLA results.

DISCUSSION

By both consensus sequencing and the more sensitive OLA as-
say, the 3 arms of P1032 had similar low rates of NVP resistance
after SD-NVP therapy, with resistance identified in 7.7% of
women overall. Fach arm had a rate significantly lower than
that in the historical comparison group (1.8%, 7.1%, 5.3%, re-
spectively, vs 30%). The finding that a short tail of highly active
antiretroviral therapy was as effective as a longer tail suggests
that early suppression of viral replication prevents the selection
of resistant virus for the full duration of NVP exposure. No
P1032 participant had resistance mutations detectable by con-
sensus sequencing alone, in contrast to 13.4% of the comparison
group, suggesting that the mutations in the P1032 participants
were present in low frequency. It is likely that low-frequency
mutations are archived at a low concentrations in long-lived

cells and will decay relatively rapidly after NVP has cleared,
making them less likely to compromise subsequent therapy with
NVP.

We included didanosine rather than lamivudine in the tail,
because didanosine is less likely to cause viral resistance
when used with zidovudine to prevent MTCT of HIV infection
[30, 31]. In addition, hepatitis B virus (HBV) infection is
common in Thailand, with a prevalence of 10% [32]. Because
lamivudine has activity against HBV, its use will promote
HBV resistance to lamivudine, and a rebound in HBV disease
has been reported when lamivudine therapy is discontinued
[33-35].

Factors that increase the risk of developing NVP-resistant
virus after SD-NVP include the virus subtype [36, 37], a higher
plasma viral load [37], and a higher plasma NVP concentration,
which prolongs the duration of NVP exposure [6, 38].
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Figure 1. Incidence of nevirapine resistance mutations at day 10 or
week 6 post partum for the 3 study arms in P1032 and for PHPT-2.
Resistance identified by sequencing in left panel, oligonucleotide ligation
assay and sequencing in right panel. The upper limit of the 95% confidence
interval is shown. Missing samples are imputed as having resistance.
Abbreviations: d, days; ddl, didanosine; LPV/r, lopinavir and ritonavir; NVP,
nevirapine; OLA, oligonucleotide ligation assay; ZDV, zidovudine.

Participants in the comparison group, who were enrolled
5 years before P1032, were younger and had a slightly lower
median CD4 cell count and higher median viral load. How-
ever, the results were unchanged when adjusted for these co-
variates in a logistic regression model.

Resistance mutations cannot be identified in specimens with
a very low viral load, which we considered to be free of re-
sistance mutations. Thus, in a planned secondary analysis,
we estimated the incidence of resistance among only those
women with a detectable viral load at entry. Among these
women, the rates of resistance increased somewhat in all arms,
but the differences between the P1032 arms and the compari-
son group remained significant (Table 3). Thus, the lower viral
load in the P1032 participants is unlikely to account for their
lower incidence of viral resistance.

Compared with 4-7 days of zidovudine plus lamivudine
[14, 15] or a single dose of tenofovir and emtricitabine [17],
the 3 regimens that we studied are more effective in reducing
the risk of NVP resistance mutations as detected by consensus
sequencing. Seven days of tenofovir and emtricitabine therapy

also eliminated this risk [19]. In a recent study in Thailand,
with use of the OLA assay, a 30-day tail of zidovudine and
didanosine resulted in an incidence of NVP resistance of 1.8%,
similar to the incidence in our study [20].

A limitation of the study is that it did not include a 7-day
course of 2 nucleoside reverse-transcriptase inhibitors, as
currently recommended by the World Health Organization. In
the TOPS study, 3 and 7 days of zidovudine plus lamivudine
resulted in a frequency of resistance of 13% and 9%, as shown
by sequencing, whereas in P1032, no mutations were found
by sequencing [14]. However, in the TOPS study, women did
not receive zidovudine before labor. The risk of resistance
in women receiving prepartum zidovudine and intrapartum
NVP with a 7-day course of 2 reverse-transcriptase inhibitors
remains to be evaluated.

In conclusion, all 3 P1032 regimens were well tolerated
and, using a sensitive assay, markedly reduced the incidence of
NVP resistance to a similar degree. In choosing among these
options, 7 days of highly active antiretroviral therapy has the
advantage of a short duration of therapy, but the cost, po-
tential for intolerance, and limited availability of lopinavir
and ritonavir in some locations may be a disadvantage. On
the other hand, 30 days of dual reverse-transcriptase inhibitor
therapy has the advantage of simplicity and low cost, but the
longer duration of therapy has the potential for poorer
adherence.
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