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ABSTRACT

BACKGROUND

Effective strategies are urgently needed to reduce mother-to-child transmission of
human immunodeficiency virus type 1 (HIV-1) through breast-feeding in resource-
limited settings.

METHODS

Women with HIV-1 infection who were breast-feeding infants were enrolled in a
randomized, phase 3 trial in Blantyre, Malawi. At birth, the infants were randomly
assigned to one of three regimens: single-dose nevirapine plus 1 week of zidovu-
dine (control regimen) or the control regimen plus daily extended prophylaxis ei-
ther with nevirapine (extended nevirapine) or with nevirapine plus zidovudine (ex-
tended dual prophylaxis) until the age of 14 weeks. Using Kaplan—Meier analyses,
we assessed the risk of HIV-1 infection among infants who were HIV-1-negative on
DNA polymerase-chain-reaction assay at birth.

RESULTS

Among 3016 infants in the study, the control group had consistently higher rates of
HIV-1 infection from the age of 6 weeks through 18 months. At 9 months, the es-
timated rate of HIV-1 infection (the primary end point) was 10.6% in the control
group, as compared with 5.2% in the extended-nevirapine group (P<0.001) and
6.4% in the extended-dual-prophylaxis group (P=0.002). There were no significant
differences between the two extended-prophylaxis groups. The frequency of breast-
feeding did not differ significantly among the study groups. Infants receiving ex-
tended dual prophylaxis had a significant increase in the number of adverse events
(primarily neutropenia) that were deemed to be possibly related to a study drug.

CONCLUSIONS

Extended prophylaxis with nevirapine or with nevirapine and zidovudine for the
first 14 weeks of life significantly reduced postnatal HIV-1 infection in 9-month-old
infants. (ClinicalTrials.gov number, NCT00115648.)
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N SUB-SAHARAN AFRICA, WHERE BREAST-

feeding is critical for infant survival, postna-

tal transmission of human immunodeficiency
virus type 1 (HIV-1) occurs in up to 16% of un-
treated infants when breast-feeding continues
into the second year of life.* Although effective
interventions have been identified to reduce in
utero and intrapartum transmission of HIV-1 in
resource-limited countries,? breast-feeding attenu-
ates the efficacy of such methods.?# Thus, a major
concern in developing countries is HIV-1 trans-
mission through breast milk.> To optimize the
survival of infants who are born to mothers with
HIV-1 infection, interventions that allow safe
breast-feeding during the first 6 months of life or
longer are needed.

The aim of our trial, called the Post-Exposure
Prophylaxis of Infants (PEPI) trial, was to deter-
mine whether extended prophylaxis of infants
with nevirapine or with nevirapine plus zidovu-
dine until the age of 14 weeks (wWhen the infant
immunization schedule is completed in Malawi)
would decrease the rate of HIV-1 infection, as
compared with single-dose nevirapine combined
with 1 week of zidovudine (control regimen).
The control regimen, which was previously shown
to be effective in a randomized trial in Malawi, is
recommended in resource-limited settings, includ-
ing Malawi.®

METHODS

STUDY POPULATION

Pregnant women who presented for either ante-
natal or delivery services at Queen Elizabeth Cen-
tral Hospital or at one of five other health centers
in Blantyre, Malawi, were offered HIV-1 counsel-
ing and testing. All women with HIV-1 infection,
except those whose HIV-1 infection was not iden-
tified until after they gave birth (late presenters),
received intrapartum single-dose nevirapine.
Women could be enrolled in the trial if they had
HIV-1 infection, were at least 18 years of age (al-
though women <18 years of age could be enrolled
if they consented and a guardian gave permis-
sion), were pregnant or had given birth within the
previous 24 hours at one of the study clinics, were
a resident of the study area, were willing to return
for postnatal follow-up visits for up to 2 years, and
intended to breast-feed. Infants with life-threat-
ening conditions requiring immediate care were
excluded. All eligible women provided written in-
formed consent at enrollment.

The protocol and study consent forms were ap-
proved by institutional review boards at the Uni-
versity of Malawi, Johns Hopkins University, and
the Centers for Disease Control and Prevention.
Enrollment began on April 20, 2004. The current
analysis includes data on women and their infants
who were enrolled in the study through August 7,
2007. All authors vouch for the completeness and
accuracy of the data presented.

STUDY DESIGN
In our randomized, controlled, open-label, phase
3 clinical trial, infants were randomly assigned
at birth to receive one of three regimens: single-
dose nevirapine combined with 1 week of daily
zidovudine (control group) or the control regi-
men followed by extended daily prophylaxis with
either oral nevirapine (extended-nevirapine group)
or oral nevirapine plus zidovudine (extended-dual-
prophylaxis group) until the age of 14 weeks.
Women were counseled at each visit to breast-feed
exclusively for 6 months and to consider weaning
thereafter.

STUDY-DRUG REGIMENS
Beginning immediately after birth, all infants re-
ceived a single oral dose of nevirapine (2 mg per
kilogram of body weight) plus oral zidovudine
(4 mg per kilogram), given twice daily for 1 week.
Zidovudine was given for 1 week rather than
4 weeks for the following reasons: the 1-week
regimen was shown to be more effective than sin-
gle-dose nevirapine alone in a randomized trial in
Malawi®” and is the recommended regimen for
infants born to women who have not received
antenatal antiretroviral prophylaxis in Malawi;
no clinical trials have shown that a 4-week regi-
men is superior to a 1-week regimen when sin-
gle-dose nevirapine is also given; and in a study
in South Africa,® a 6-week regimen of zidovudine
provided no better protection than single-dose
nevirapine alone.

Drugs for infants in the two extended-prophy-
laxis groups were dispensed to the mothers start-
ing at the 1-week study visit and at subsequent
visits until the infant completed the 14-week
regimen. In the extended-prophylaxis groups, the
oral dose of nevirapine was 2 mg per kilogram
once daily during week 2, then 4 mg per kilogram
once daily during weeks 3 through 14. The oral
dose of zidovudine was 4 mg per kilogram twice
daily during weeks 2 through 5, 4 mg per kilogram
three times daily during weeks 6 through 8, and
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6 mg per kilogram three times daily during weeks
9 through 14.

Prophylaxis regimens were discontinued for
infants in the extended-prophylaxis groups who
were found to have HIV-1 infection during the
first 14 weeks of life. However, these infants were
still followed for the duration of the study.

STUDY FOLLOW-UP AND PROCEDURES
Study visits were conducted at 1, 3, 6, 9, and 14
weeks and at 6, 9, 12, 15, 18, and 24 months of
infant age. Infant blood samples were collected by
heel-stick or venous puncture for HIV-1 testing
and dried-blood spot storage at each visit except
week 3. Specimens for a complete blood count and
testing of alanine aminotransferase levels were
collected at each visit through 6 months; plasma
was collected at birth, at 6 and 14 weeks, and at
6, 12, and 18 or 24 months.

All women in the study and any of their infants
who were found to have HIV-1 infection were
referred for antiretroviral therapy at clinics at a
study health center, although the availability of
antiretroviral treatment in Malawi was limited,
with increased availability only late in the study.
Only small percentages of women (2.6% in the
control group, 2.8% in the extended-nevirapine
group, and 3.2% in the extended-dual-prophy-
laxis group) received antiretroviral therapy be-
fore 14 weeks post partum (P=0.77 for all com-
parisons). The maternal rates of antiretroviral
therapy were slightly higher after the 14-week
study period (11.8% in the control group, 12.2%
in the extended-nevirapine group, and 11.4% in
the extended-dual-prophylaxis group) (P=0.87 for
all comparisons). All infants who were exposed to
or infected with HIV-1 received prophylaxis with
trimethoprim—sulfamethoxazole to prevent pneu-
mocystis pneumonia. Further details regarding the
monitoring and randomization of patients and
the collection of data are available in the Supple-
mentary Appendix, available with the full text of
this article at www.nejm.org.

STUDY END POINTS
The primary study end point was the rate of HIV-
1 infection by the age of 9 months among live-
born infants who were negative for HIV-1 infec-
tion on DNA polymerase-chain-reaction (PCR)
assay at birth (i.e., within the first 48 hours).
Infants were evaluated for the presence of HIV-1
infection at 6, 9, and 14 weeks and at 6, 12, 18,
and 24 months. Additional primary end points were

survival free of HIV-1 infection during follow-up
and the safety of the experimental regimens.

The presence or absence of HIV-1 infection
was determined by Roche Amplicor 1.5 DNA
PCR (Roche Molecular Systems). Positive speci-
mens were confirmed by testing a second speci-
men obtained as soon as possible after an initial
positive test. Specimens with discrepant test re-
sults at the local laboratory were retested in a
reference laboratory at the University of North
Carolina, Chapel Hill. Final infection status was
determined by three investigators who were un-
aware of infants’ study-group assignments. For
infants whose infection status was not resolved
by retesting at the reference laboratory (e.g., be-
cause no sample was available for repeat testing),
those with a positive test result that was followed
by multiple negative tests (either on DNA PCR or
on HIV-antibody enzyme immunoassays) were
considered to be uninfected. All other infants
whose HIV-1 status still could not be resolved
(e.g., owing to termination from the study be-
cause of relocation or removal from the study by
a parent) were excluded from the analysis, in-
cluding 14 infants in the control group, 5 in the
extended-nevirapine group, and 15 in the ex-
tended-dual-prophylaxis group.

Diagnosis of HIV-1 infection was based on a
positive HIV-1 DNA PCR assay at any visit or a
positive enzyme-linked immunosorbent assay
(ELISA) and Western blot analysis at the age of
15 months or later. An infant with at least two
positive HIV-1 test results on separate visits was
classified as having confirmed HIV-1 infection,
and an infant with only a single positive result
(due to the death of the infant, loss to follow-up,
or a pending confirmatory test) was classified as
having presumptive HIV-1 infection. All identi-
fied adverse events were documented and graded
with the use of a toxicity table adopted in April
1994 by the Division of AIDS at the National In-
stitutes of Health.

STATISTICAL ANALYSIS
We present all data that were obtained through
the cutoff date for the second interim analysis
(August 7, 2007). Study groups were examined for
similarity according to baseline covariates (con-
tinuous or categorical) with the use of the t-test,
analysis of variance, Fisher’s exact test, and the
chi-square test.

In an intention-to-treat analysis, we com-
pared each extended-prophylaxis group with the
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control group. We used Kaplan—Meier analyses
to estimate the time until the first positive HIV-
1 test (either confirmed or presumptive, with data
for infants without a positive HIV-1 test censored
at the time of death), the time to death, and the
time to either death or the first positive HIV-1
test (whichever came first), according to study
group. Cox proportional-hazards models of the
time until the first positive HIV-1 test, with ad-
justment for study group and other covariates
that were considered to have biologic or epide-
miological importance, were performed with SAS
software, version 9.1 (SAS Institute).

The study was designed to enroll 3500 infants
to include at least 3000 who were not infected
with HIV-1 at birth on the basis of an assumed
rate of infection of 8% and an assumed rate of
postpartum transmission of 14% at 9 months in
the control group. The data and safety monitor-
ing board recommended that enrollment in the
study be stopped at the second interim analysis
(December 10, 2007), since the P value for the
difference between the extended-nevirapine group
and the control group exceeded a Bonferroni-
adjusted O’Brien-Fleming rejection threshold
(alpha level, 0.0063). At this time, 3016 infants
who were not infected with HIV-1 at birth were
enrolled in the study. A total of 2522 infants
either with HIV-1 infection or without HIV-1 in-
fection were enrolled for at least 9 months.

RESULTS

PATIENTS
A total of 46,186 women underwent screening
for HIV-1 infection. Women with HIV-1 infection
who met the inclusion criteria and signed an in-
formed consent form were enrolled in the study.
Of 3276 infants who were enrolled and under-
went randomization at birth, 260 were excluded
from the efficacy analysis: 226 because they were
found to have HIV-1 infection and 34 because
their HIV-1 status at birth was not known. These
exclusions were distributed equally among the
three study groups. Therefore, 3016 infants were
included in the primary analysis (Fig. 1).
Baseline demographic and laboratory charac-
teristics of the women and their infants were
similar in the three study groups (Table 1). All
infants received a single dose of nevirapine at
birth, and of the 2427 infants who returned for
the first-week visit, 99% received zidovudine. At

14 weeks, adherence (defined as the proportion
of infants who received treatment among those
who returned for the visit) was 97.3% (658 of 676
infants) in the extended-nevirapine group and
97.8% (673 of 688 infants) in the extended-dual-
prophylaxis group (P=0.60).

FREQUENCY OF BREAST-FEEDING
The frequency of reported breast-feeding was
high up to the age of 6 months, ranging from
nearly all infants at 1 week to approximately 90%
at 6 months in all three study groups. Between
the ages of 6 and 9 months, there was a substan-
tial reduction in the frequency of breast-feeding
in all three groups, with rates at 9 months of
32.0% in the control group, 26.9% in the extend-
ed-nevirapine group, and 29.2% in the extended-
dual-prophylaxis group (P=0.16 for all compari-
sons). By the age of 15 months, the rate of
breast-feeding had declined to 19.4% in the con-
trol group, 14.4% in the extended-nevirapine
group, and 18.1% in the extended-dual-prophy-
laxis group (Table 2).

HIV-1 INFECTION
Of the 3016 infants, 255 were found to have HIV-
1 infection by August 7, 2007. Of these cases, 242
were confirmed and 13 were presumptive; the
frequency of HIV infections that were classified
as presumptive was similar in the three study
groups (P=0.22 for all comparisons). Both con-
firmed and presumptive HIV-1 infections were
included in the primary analysis, although limit-
ing the analysis to only confirmed HIV-1 infec-
tions produced similar results (data not shown).
The rates of HIV-1 positivity on DNA analysis at
birth were 6.5% in the control group and 7.1% in
both extended-prophylaxis groups (P=0.85 for
all comparisons). Before the primary end point at
9 months, the numbers of infants who were lost
to follow-up without a positive HIV-1 test were
136 in the control group, 131 in the extended-
nevirapine group, and 109 in the extended-dual-
prophylaxis group.

Among infants who were not infected at birth
(i.e., excluding infants with positive DNA PCR
tests for HIV), between the ages of 6 weeks and
18 months, the control group had consistently
higher rates of HIV-1 infection, as compared with
both extended-prophylaxis groups (Fig. 2A).
Among 9-month-old infants, the rate of HIV-1
infection, as estimated from Kaplan—Meier curves
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36,835 Women underwent antenatal
screening; 7490 (20%)
had HIV infection

2135 Were enrolled with HIV infection

9351 Women underwent intrapartum
or postpartum screening;
2328 (25%) had HIV infection

1081 Were enrolled with HIV infection

3216 Women and 3276 infants
were enrolled; infants underwent
randomization at birth

1088 Infants were assigned
to control group

1099 Infants were assigned
to extended-nevirapine group

1089 Infants were assigned to
extended-dual-prophylaxis group

85 Were excluded
71 Had HIV infection at birth
14 Had undetermined HIV
result

1003 Were included
in primary analysis

83 Were excluded
78 Had HIV infection at birth
5 Had undetermined HIV
result

1016 Were included
y analysis

in primar

92 Were excluded
77 Had HIV infection at birth
15 Had undetermined HIV
result

146 Were lost to follow-up
(uninfected at last visit)
88 Were withdrawn by

parent parent parent
43 Relocated or were lost 50 Relocated or were lost 70 Relocated or were lost
to contact to contact to contact

15 Had no further interest

69 Died (uninfected at last
visit)

997 Were included
y analysis

in primar,

147 Were lost to follow-up
(uninfected at last visit)
86 Were withdrawn by

11 Had no further interest

69 Died (uninfected at last
visit)

128 Were lost to follow-up
(uninfected at last visit)
50 Were withdrawn by

8 Had no further interest

68 Died (uninfected at last
visit)

788 Reached HIV-infection end
point or had no HIV infection
and had completed or were
participating in active follow-up
at the end of the study

800 Reached HIV-infection end
point or had no HIV infection
and had completed or were
participating in active follow-up
at the end of the study

801 Reached HIV-infection end
point or had no HIV infection
and had completed or were
participating in active follow-up
at the end of the study

Figure 1. Enrollment and Outcomes, 2004-2007.

for which data were censored at the time of loss
to follow-up, was 10.6% (95% confidence inter-
val [CI], 8.7 to 12.8) in the control group, 5.2%
(95% CI, 3.9 to 7.0) in the extended-nevirapine
group (P<0.001 for the comparison with the con-
trol group), and 6.4% (95% CI, 4.9 to 8.3) in the
extended-dual-prophylaxis group (P=0.002 for
the comparison with the control group). The total

numbers of infants with positive results on HIV-1
DNA PCR at 9 months were 98 in the control
group, 51 in the extended-nevirapine group, and
61 in the extended-dual-prophylaxis group. The
estimated protective efficacy’® of the extended-
nevirapine regimen was 67% (95% CI, 43 to 81) at
6 weeks, 67% (95% CI, 49 to 79) at 14 weeks, 60%
(95% CI, 42 to 73) at 6 months, and 51% (95% CI,
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Table 1. Baseline Characteristics of Mothers and Infants.*

Variable
Mothers
No. of patients
Age —yr
Weight — kg
Education — no. (%)
=<Grade 8
>Grade 8
Have electricity at home — no. (%)
Hemoglobin — g/dI
White cells per mm?® — thousands
Absolute neutrophil count per mm? — thousands
CD4 cells per mm?
Median
Interquartile range
CD8 cells per mm?
Median
Interquartile range
Presentation status — no. (%)
Early (>4 hr before delivery)
Late (=4 hr before delivery)

Time of =4 hr since rupture of membranes —
no./total no. (%)

Mode of delivery — no. (%)
Spontaneous vertex
Cesarean section
Vacuum extraction, breech, or forceps
Infants
No. of patients
Male sex — no. (%)
Birth weight — g
Nevirapine (single dose) — no. (%)
Before arrival in labor ward
On arrival in labor ward
None
Apgar score at 5 min§
Gestational age — wk
Admitted to special baby-care unit — no. (%)
Started breast-feeding before discharge — no. (%)

Control Group

989
26.1+4.9
56.8+7.7

636 (64.3)
353 (35.7)
329 (33.3)
11.5+1.8
11.5+5.4
8.2+5.4

401.0
263.0-587.0

884.0
634.0-1206.0

677 (68.5)
312 (31.5)
152/955 (15.9)

1003
540 (53.8)
3034.6:451.5

515 (51.3)
175 (17.4)
313 (31.2)
9.9+0.6
38.6+1.8
20 (2.0)
809 (80.7)

Extended-Nevirapine

Group

993
26.1+4.6
57.0+7.9

646 (65.1)
347 (34.9)
304 (30.6)
11.6+1.9
11.4+4.7

8.1+4.1

379.0
245.0-570.5

882.5
647.0-1191.0

675 (68.0)
318 (32.0)
166/952 (17.4)

1016
501 (49.3)
3007.6+451.6

528 (52.0)
162 (15.9)
326 (32.1)
9.9+0.4
38.7+1.8
34 (3.3)
823 (81.0)

Extended-Dual-
Prophylaxis Group

980
26.5+4.8
57.1+8.4

618 (63.1)
362 (36.9)
332 (33.9)
11.5+1.8
11.4+4.8

8.1+4.0

400.5
280.0-581.0

901.0
632.0-1231.0

684 (69.8)
296 (30.2)
146/938 (15.6)

997
495 (49.6)
3011.6+453.8

539 (54.1)
157 (15.7)
301 (30.2)
9.9+0.5
38.6:1.9
35 (3.5)
788 (79.0)

P Valuey

0.16
0.66
0.65

0.25
0.67
0.89
0.96
0.08

0.90

0.66

0.51

0.59

0.08
0.35
0.66:%

0.70
0.49
0.08
0.50

* Plus—minus values are means +SE.

ues, and the Wilcoxon rank-sum test for continuous data reporting median values.

i P value was calculated with the use of a chi-square test.

§ Apgar scores range from 1 to 10, with higher scores indicating better function.

i P values were calculated with the use of Fisher’s exact test for categorical data, analysis of variance for continuous data reporting mean val-
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Table 2. Frequency of Breast-Feeding, According to Study Visit.*

Visit Control Group

EBF MBF NBF
1 Wk 99.8 0.1 0.1
3 Wk 98.8 0.2 1.0
6 Mo 66.9 23.7 9.4
9 Mo 29 29.1 68.0
15 Mo 0.5 18.9 80.6

Extended-Nevirapine Group

EBF MBF NBF EBF MBF
percent

99.5 0.2 0.3 99.6 0.2

99.4 0.3 0.3 99.3 0.4

64.3 25.4 10.3 61.1 29.3

2.7 24.2 73.1 1.6 27.6

1.9 12.4 85.6 0.2 17.8

Extended-Dual-Prophylaxis Group

NBF

0.2
0.3
9.7
70.8
81.9

* EBF denotes exclusive breast-feeding, MBF mixed breast-feeding, and NBF no breast-feeding.

30 to 66) at 9 months. The estimated protective
efficacy of the extended-dual-prophylaxis regi-
men was 69% (95% CI, 45 to 83) at 6 weeks, 66%
(95% CI, 48 to 78) at 14 weeks, 49% (95% CI, 27
to 64) at 6 months, and 40% (95% CI, 16 to 57)
at 9 months. There were no significant differences
between the two extended-prophylaxis groups at
any time point.

DEATH
Regardless of HIV-1-infection status, 285 infants
died during the study: 106 in the control group,
89 in the extended-nevirapine group, and 90 in
the extended-dual-prophylaxis group. Of these
infants, those who had already died by the age of
9 months included 71 in the control group, 55 in
the extended-nevirapine group, and 51 in the ex-
tended-dual-prophylaxis group. Although mor-
tality in the control group exceeded that in the
two extended-prophylaxis groups after the age of
6 months, the differences were not significant
(Fig. 2B). At 9 months, mortality was 8.9% (95%
Cl, 7.1 to 11.1) in the control group, 6.8% (95%
Cl, 5.2 to 8.7) in the extended-nevirapine group,
and 6.3% (95% CI, 4.8 to 8.2) in the extended-
dual-prophylaxis group.

Table 3 shows the results of the Cox propor-
tional-hazards analyses of risk factors for HIV-1
infection and for either HIV-1 infection or death.
In the adjusted analysis, both extended-prophy-
laxis regimens were significantly associated with
a reduced risk of HIV-1 infection; a decrease in
the maternal CD4 cell count was associated with
an increased risk of infection. Lower infant birth
weight was also associated with an increased
risk of either HIV-1 infection or death.

The primary causes of infant death were gas-
troenteritis (30% in the control group, 26% in
the extended-nevirapine group, and 30% in the

extended-dual-prophylaxis group) and pneumo-
nia (26%, 23%, and 21%, respectively). HIV-1-free
survival was significantly better in both extended-
prophylaxis groups through the age of 9 months
and in the extended-nevirapine group through the
age of 15 months (Fig. 2C).

SERIOUS ADVERSE EVENTS
Overall, 1283 serious adverse events were report-
ed in 887 infants, with no significant differences
among the three study groups for any adverse
event (P=0.34 for all comparisons by Fisher’s ex-
act test) or for ordered treatment relatedness of
adverse events (P=0.14 by the Jonckheere-Terps-
tra test'?) (Table 4). The most frequent serious
adverse events in all three groups were respiratory
(329 events), gastrointestinal (227 events), and he-
matologic (191 events), and the rates were similar
in all three study groups (Table 2 in the Supple-
mentary Appendix). Overall, most serious adverse
events (87.3%) were not significantly associated
with a study drug. However, there were signifi-
cantly more infants with serious adverse events that
were deemed to be possibly related to a study drug
in the extended-dual-prophylaxis group than in
either the extended-nevirapine group or the con-
trol group (P=0.02 for all comparisons). The most
common serious adverse event in the extended-
dual-prophylaxis group was neutropenia. The num-
bers of events that were deemed to be probably re-
lated to a study drug were low and did not differ
among the study groups (P=0.42 for all compar-
isons).

DISCUSSION

We evaluated two different extended 14-week post-
exposure regimens to reduce postnatal HIV-1
transmission in a large, randomized clinical tri-
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Figure 2 (facing page). Kaplan—Meier Estimates of the
Rates of HIV-1 Infection, Death, and a Composite of
HIV-1 Infection or Death among Infants during Their
First 24 Months.

Among infants who were uninfected with HIV-1 at
birth on the basis of DNA polymerase-chain-reaction
assay, rates are shown for HIV-1 infection (Panel A),
death (Panel B), and either HIV-1 infection or death
(Panel C) during the first 24 months in the three
study groups. The I bars represent 95% confidence
intervals.

al. Our study demonstrated that both extended-
prophylaxis regimens significantly reduced the
risk of postnatal transmission at 14 weeks with a
protective efficacy of more than 60%. The cumu-
lative risk of postnatal infection between birth
and 14 weeks was 8.4% in the control group, as
compared with approximately 2.8% in the extend-
ed-prophylaxis groups. This net difference of ap-
proximately 5% between the extended-prophy-
laxis groups and the control group continued at
24 months.

Although there were no significant differences
in overall mortality, the control group had consis-
tently higher mortality after the age of 6 months
than did either of the extended-prophylaxis
groups, a difference that appeared to be largely
due to a higher rate of HIV-1 infection in the

control group. There were significant increases in
HIV-1-free survival for the infants in both extend-
ed-prophylaxis groups at the age of 9 months and
for those in the extended-nevirapine group up to
the age of 15 months.

The frequency of breast-feeding was high dur-
ing the first 6 months (approximately 90%). Al-
though most infants were weaned between the
ages of 6 and 9 months, more than 20% were still
breast-feeding at that time. After discontinuation
of extended prophylaxis, the rate of postnatal
HIV-1 infection occurring in infants between the
ages of 14 weeks and 9 months was similar in
the three study groups, with a rate of additional
HIV-1 infections of 2.2% in the control group,
2.4% in the extended-nevirapine group, and 3.5%
in the extended-dual-prophylaxis group.

The choice of providing daily prophylaxis up
to 14 weeks was based on the recommended in-
fant immunization schedule in Malawi, which is
completed at 14 weeks. Most infants do not re-
turn to the clinic until the age of 9 months to
receive measles immunization. Therefore, from
a public health point of view, an approach to
HIV-1 prophylaxis that is integrated into the
typical infant immunization schedule would fa-
cilitate implementation in resource-constrained
settings. There were no significant differences in

Table 3. Associated Risk Factors for HIV-1 Infection and for a Composite of HIV-1 Infection or Death.
Risk Factor Unadjusted Adjusted*

Hazard Ratio P Value Hazard Ratio P Value

(95% Cl) (95% Cl)

For HIV-1 infection
Extended-nevirapine group vs. control group 0.59 (0.44-0.80) <0.001 0.56 (0.41-0.76) <0.001
Extended-dual-prophylaxis group vs. control group  0.66 (0.49-0.88) 0.005 0.65 (0.48-0.88) 0.006
Maternal CD4 count (per decrease of 100 units) 1.27 (1.19-1.36) <0.001 1.27 (1.19-1.36) <0.001
Maternal presentation (late vs. early) 1.26 (0.98-1.62) 0.08 1.23 (0.94-1.60) 0.13
Sex of infant (female vs. male) 0.90 (0.71-1.15) 0.41 0.95 (0.73-1.23) 0.67
Birth weight (per increase of 1 kg) 0.74 (0.57-0.96) 0.03 0.87 (0.66-1.15) 0.33
For HIV-1 infection or death
Extended-nevirapine group vs. control group 0.72 (0.58-0.90) 0.004 0.69 (0.55-0.87) 0.001
Extended-dual-prophylaxis group vs. control group  0.76 (0.61-0.95) 0.02 0.72 (0.57-0.90) 0.004
Maternal CD4 count (per decrease of 100 units) 1.15 (1.10-1.20) <0.001 1.14 (1.09-1.19) <0.001
Maternal presentation (late vs. early) 1.16 (0.96-1.40) 0.14 1.07 (0.87-1.31) 0.52
Sex of infant (female vs. male) 1.00 (0.83-1.20) 0.97 0.97 (0.80-1.18) 0.80
Birth weight (per increase of 1 kg) 0.59 (0.49-0.72) <0.001 0.63 (0.51-0.77) <0.001

* Hazard ratios were adjusted for all variables listed.
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Table 4. Serious Adverse Events.*
Relationship to Control Group Extended-Nevirapine Extended-Dual-Prophylaxis Total
a Study Drug (N=1003) Group (N=1016) Group (N=997) (N=3016) P Valuef
No. of No. of No. of No. of No. of No. of No. of No. of
Infants Events Infants Events Infants Events Infants Events
Not related 257 367 275 383 255 370 787 1120 0.69
Possibly related 37 38 44 45 62 67 143 150 0.02
Probably related 2 2 6 6 5 5 13 13 0.42
Total 278 407 310 434 299 442 887 1283 0.34%

* The numbers of infants with at least one serious adverse event are listed. Infants could have events in more than one category.
T P values are for the overall comparison among study groups for the number of infants with serious adverse events; values were calculated

with the use of Fisher’s exact test.
i P=0.14 by the Jonckheere-Terpstra test.**

efficacy between the two extended-prophylaxis
groups. However, serious adverse events (pri-
marily neutropenia) that were possibly related to
a study drug were more frequent in the extend-
ed-dual-prophylaxis group. Whether the two-
drug regimen would reduce the risk of resistance
to nevirapine among infants who become in-
fected with HIV-1 despite extended prophylaxis
is being investigated.

Another approach to the prevention of post-
natal transmission of HIV-1 is the treatment of
mothers with HIV-1 infection with highly active
antiretroviral therapy (HAART). Although ma-
ternal HAART is clearly warranted in women who
require therapy for their own health, the bene-
fits and safety of HAART used solely for preven-
tion of postnatal transmission in healthy women
with HIV infection have not yet been demon-
strated in clinical trials, although several obser-
vational studies suggest it may be effective.124
Data from two observational studies in Tanzania
have suggested that infant antiretroviral prophy-
laxis (the MITRA study'#) and maternal HAART
prophylaxis (the MITRA-Plus study'®) may result
in similar postnatal transmission rates. Since
HAART that is used solely for prophylaxis is
stopped after the infant is weaned, the mother
may receive 9 months or more of HAART (if ther-
apy is started before birth), followed by an inter-
ruption. The effect of interruption of long-term
HAART on maternal health is unknown. Some
studies have demonstrated an increased risk of
disease progression and death among HIV-1-
infected adults with high CD4 counts who inter-
rupted treatment, as compared with that associ-
ated with continuous therapy.1*® Antiretroviral
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treatment of the mother may also expose infants
to potential toxic effects or drug resistance if the
infant becomes infected because of a potential
elevation in the plasma concentration of these
drugs in the infant.**22 Thus, further evaluation
of maternal HAART that is used solely for pro-
phylaxis is needed to determine efficacy and
long-term safety for both mothers and infants.
On the basis of data from our trial, the 14-
week extended nevirapine regimen appears to be
safe, with the rate of adverse events similar to
that in the control group. This infant-only anti-
retroviral prophylaxis is practical and effective
in reducing HIV-1 transmission and in improving
HIV-1-free survival in settings in which breast-
feeding is common. The question of whether in-
fants who are born to HIV-1-infected mothers
should receive antiretroviral prophylaxis for the
entire duration of breast-feeding needs to be as-
sessed, including analysis of safety, added effi-

cacy, and cost-effectiveness.

Supported by a cooperative agreement (5-U50-PS022061-05;
award U50-CC0222061) from the Centers for Disease Control
and Prevention and the Eunice Kennedy Shriver National Insti-
tute of Child Health and Human Development, National Insti-
tutes of Health.

No potential conflict of interest relevant to this article was
reported.

The findings and conclusions in this article are those of the
authors and do not necessarily represent the views of the Cen-
ters for Disease Control and Prevention or the National Insti-
tutes of Health.

We thank the mothers and children who participated in this
study, the nursing and technical staff in Malawi, and several
scientists in both the United States and Malawi for their excel-
lent collaboration and help throughout this study, including
members of the data and safety monitoring board: K. McIntosh
(chair), E. Daar, S. Johnson, N.M.P. King, S. Lagakos, J.Y. Lee,
RJ. Levine, M.A. Monteil, KJ. Sikkema, B.S.M. Mwale, S.I.
Bangdiwala, R. DiClemente, K. Edwards, L. Walters, and D.O.
Dixon.

JuLy 10, 2008

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.
Copyright © 2008 Massachusetts Medical Society. All rights reserved.



EXTENDED ANTIRETROVIRAL PROPHYLAXIS TO REDUCE HIV-1 TRANSMISSION

REFERENCES

1. Wilfert CM, Fowler MG. Balancing
maternal and infant benefits and the con-
sequences of breast-feeding in the devel-
oping world during the era of HIV infec-
tion. J Infect Dis 2007;195:165-7.

2. Volmink], Siegfried NL, van der Merwe
L, Brocklehurst P. Antiretrovirals for re-
ducing the risk of mother-to-child trans-
mission of HIV infection. Cochrane Data-
base Syst Rev 2007;1:CD003510.

3. Petra Study Team. Efficacy of three
short-course regimens of zidovudine and
lamivudine in preventing early and late
transmission of HIV-1 from mother to
child in Tanzania, South Africa, and
Uganda (Petra study): a randomised, dou-
ble-blind, placebo-controlled trial. Lancet
2002;359:1178-86.

4. Leroy V, Karon JM, Alioum A, et al.
Twenty-four month efficacy of a maternal
short-course zidovudine regimen to pre-
vent mother to child transmission of
HIV-1 in West Africa. AIDS 2002;16:631-
41.

5. John-Stewart G, Mbori-Ngacha D, Ek-
pini R, et al. Breast-feeding and transmis-
sion of HIV-1. J Acquir Immune Defic
Syndr 2004;35:196-202. [Erratum, J Acquir
Immune Defic Syndr 2004;35:539.]

6. Taha TE, Kumwenda NI, Hoover DR,
et al. Nevirapine and zidovudine at birth
to reduce perinatal transmission of HIV
in an African setting: a randomized con-
trolled trial. JAMA 2004;292:202-9.

7. Taha TE, Kumwenda NI, Gibbons A,
et al. Short postexposure prophylaxis in
newborn babies to reduce mother-to-child
transmission of HIV-1: NVAZ randomised
clinical trial. Lancet 2003;362:1171-7.

8. Antiretroviral drugs for treating preg-
nant women and preventing HIV infec-
tion in infants: towards universal access:
recommendations for a public health ap-
proach. Geneva: World Health Organiza-
tion, 2006. (Accessed May 27, 2008, at
http://www.who.int/hiv/pub/guidelines/
pmtctguidelines3.pdf.)

9. Gray GE, Urban M, Chersich MF, et al.
A randomized trial of two postexposure

prophylaxis regimens to reduce mother-
to-child HIV-1 transmission in infants of
untreated mothers. AIDS 2005;19:1289-97.
10. Wiktor SZ, Ekpini E, Karon JM, et al.
Short-course oral zidovudine for preven-
tion of mother-to-child transmission of
HIV-1 in Abidjan, Cote d’Ivoire: a ran-
domised trial. Lancet 1999;353:781-5.

11. Hollander M, Wolfe DA. Nonparamet-
ric statistical methods. New York: Wiley,
1973:120-3.

12. Arendt V, Ndimubanzi P, Vyankan-
dondera J, et al. AMATA study: effective-
ness of antiretroviral therapy in breast-
feeding mothers to prevent post-natal
vertical transmission in Rwanda. In: Pro-
ceedings of the International AIDS Soci-
ety Conference on HIV Pathogenesis,
Treatment and Prevention, Sydney, July
20-25, 2007:96. abstract.

13. Thomas T, Masaba R, Ndivo R, et al.
PMTCT of HIV-1 among breastfeeding
women using HAART: the Kisumu Breast-
feeding Study, Kisumu, Kenya, 2003-2007.
In: Program and abstracts of the 15th
Conference on Retroviruses and Opportu-
nistic Infections, Boston, February 3-6,
2008:87. abstract.

14. Kilewo C, Karlsson K, Ngarina M, et
al. Prevention of mother to child trans-
mission through breastfeeding by treat-
ing infants or mothers prophylactically
with antiretrovirals in Dar es Salaam,
Tanzania — the MITRA and MITRA PLUS
studies. In: Proceedings of the 4th Domi-
nique Dormont International Conference:
Host-Pathogen Interactions in Chronic
Infections, Paris, December 13-15, 2007:
56. abstract.

15. Kilewo C, Karlsson K, Ngarina M, et
al. Prevention of mother to child trans-
mission of HIV-1 through breastfeeding
by treating mothers prophylactically with
triple antiretroviral therapy in Dar es Sa-
laam, Tanzania — the MITRA PLUS study.
In: Proceedings of the International AIDS
Society Conference on HIV Pathogenesis,
Treatment and Prevention, Sydney, July
20-25, 2007:96. abstract.

16. The Strategies for Management of
Antiretroviral Therapy (SMART) Study
Group. CD4+ count-guided interruption
of antiretroviral treatment. N Engl ] Med
20006;355:2283-96.

17. Danel C, Moh R, Minga A, et al. CD4-
guided structured antiretroviral treat-
ment interruption strategy in HIV-infect-
ed adults in West Africa (Trivacan ANRS
1269 trial): a randomised trial. Lancet
2006;367:1981-9.

18. The Strategies for Management of
Antiretroviral Therapy (SMART) Study
Group. Major clinical outcomes in anti-
retroviral therapy (ART)-naive participants
and in those not receiving ART at baseline
in the SMART study. J Infect Dis 2008;
197:1133-44.

19. Shapiro RL, Holland DT, Capparelli E,
et al. Antiretroviral concentrations in
breast-feeding infants of women in Bo-
tswana receiving antiretroviral treatment.
J Infect Dis 2005;192:720-7.

20. Mirochnick M, Thomas T, Capparelli
E, et al. Plasma antiretroviral concentra-
tions in breast-feeding infants whose
mothers are receiving HAART. In: Pro-
gram and abstracts of the 14th Confer-
ence on Retroviruses and Opportunistic
Infections, Los Angeles, February 25-28,
2007:91. abstract.

21. Bulterys M, Weidle PJ, Abrams EJ,
Fowler MG. Combination antiretroviral
therapy in African nursing mothers and
drug exposure in their infants: new phar-
macokinetic and virologic findings. J In-
fect Dis 2005;192:709-12.

22. Zeh C, Weidle P, Nafisa L, et al. Emer-
gence of HIV-1 drug resistance among
breastfeeding infants born to HIV-infect-
ed mothers taking antiretrovirals for pre-
vention of mother to child transmission
of HIV: the Kisumu Breastfeeding Study,
Kenya. In: Program and abstracts of the
15th Conference on Retroviruses and Op-
portunistic Infections, Boston, February
3-6, 2008:102. abstract.

Copyright © 2008 Massachusetts Medical Society.

N ENGLJ MED 359;2 WWW.NEJM.ORG JULY 10, 2008

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.

Copyright © 2008 Massachusetts Medical Society. All rights reserved.

129



