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A bs tr ac t

Background
The safety and efficacy of adding antiretroviral drugs to standard zidovudine pro-
phylaxis in infants of mothers with human immunodeficiency virus (HIV) infection 
who did not receive antenatal antiretroviral therapy (ART) because of late identifi-
cation are unclear. We evaluated three ART regimens in such infants.
Methods
Within 48 hours after their birth, we randomly assigned formula-fed infants born to 
women with a peripartum diagnosis of HIV type 1 (HIV-1) infection to one of three 
regimens: zidovudine for 6 weeks (zidovudine-alone group), zidovudine for 6 weeks 
plus three doses of nevirapine during the first 8 days of life (two-drug group), or zi- 
dovudine for 6 weeks plus nelfinavir and lamivudine for 2 weeks (three-drug group). 
The primary outcome was HIV-1 infection at 3 months in infants uninfected at birth.
Results
A total of 1684 infants were enrolled in the Americas and South Africa (566 in the 
zidovudine-alone group, 562 in the two-drug group, and 556 in the three-drug group). 
The overall rate of in utero transmission of HIV-1 on the basis of Kaplan–Meier esti-
mates was 5.7% (93 infants), with no significant differences among the groups. Intra-
partum transmission occurred in 24 infants in the zidovudine-alone group (4.8%; 95% 
confidence interval [CI], 3.2 to 7.1), as compared with 11 infants in the two-drug 
group (2.2%; 95% CI, 1.2 to 3.9; P = 0.046) and 12 in the three-drug group (2.4%; 95% 
CI, 1.4 to 4.3; P = 0.046). The overall transmission rate was 8.5% (140 infants), with an 
increased rate in the zidovudine-alone group (P = 0.03 for the comparisons with the 
two- and three-drug groups). On multivariate analysis, zidovudine monotherapy, a 
higher maternal viral load, and maternal use of illegal substances were significantly 
associated with transmission. The rate of neutropenia was significantly increased in 
the three-drug group (P<0.001 for both comparisons with the other groups).
Conclusions
In neonates whose mothers did not receive ART during pregnancy, prophylaxis with a 
two- or three-drug ART regimen is superior to zidovudine alone for the prevention of 
intrapartum HIV transmission; the two-drug regimen has less toxicity than the three-
drug regimen. (Funded by the Eunice Kennedy Shriver National Institute of Child Health 
and Human Development [NICHD] and others; ClinicalTrials.gov number, NCT00099359.)
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Randomized, controlled studies of 
postexposure prophylaxis in infants born 
to late-presenting women with human im-

munodeficiency virus (HIV) infection who did not 
receive antiretroviral therapy (ART) in pregnancy 
have been performed in breast-fed populations1-5 
but not in non–breast-fed populations of higher-
income countries. Observational studies have 
shown reduced transmission when zidovudine 
therapy was initiated within 48 hours after birth 
and continued for 6 weeks in neonates born to 
untreated mothers with HIV type 1 (HIV-1) infec-
tion,6,7 although transmission rates in this sce-
nario remain as high as 12 to 26%.6-8 In a ran-
domized South African trial of infants born to 
untreated HIV-1–infected mothers, the rates of 
intrapartum transmission were similar among 
formula-fed infants receiving zidovudine and those 
receiving single-dose nevirapine (11.1% and 7.3%, 
respectively; P = 0.30).5 Although use of infant 
prophylaxis with combination ART is increasing 
when there is a high risk of HIV-1 transmis-
sion,9,10 evidence in support of this approach is 
lacking. We compared the efficacy and safety of 
three neonatal ART regimens for the prevention of 
intrapartum HIV-1 transmission in infants whose 
mothers did not receive ART during pregnancy.

Me thods

Study Population

HIV-1–infected mothers who had not received ART 
before labor because of late presentation for med-
ical care were approached for enrollment of their 
infants. A positive result on a maternal HIV-1 rap-
id test, pending confirmatory testing, sufficed for 
enrollment. Women who received antiretroviral 
drugs other than zidovudine during labor were 
excluded. All mothers provided written informed 
consent. Infants were eligible for enrollment if 
they were no more than 48 hours old, had a ges-
tational age of at least 32 weeks, weighed at least 
1.5 kg, had no life-threatening conditions, and 
were able to take oral medication. Receipt of oral 
zidovudine before study entry was permitted; in-
fants who received other antiretroviral drugs were 
excluded.

Enrollment occurred at 17 sites in Brazil, South 
Africa, Argentina, and the United States. The study 
was approved by local and collaborating institu-
tional review boards and was reviewed annually by 

a data and safety monitoring board. Diagnostic 
kits were purchased for the study, and three of 
the four study drugs were donated by their re-
spective manufacturers. Study-drug donors did 
not participate in study design, data accrual, data 
analysis, or manuscript preparation. All of the 
authors vouch for the accuracy and completeness 
of the presented data and the fidelity of this re-
port to the protocol, available with the full text 
of this article at NEJM.org.

Study Design and Treatment Regimens

Infants exposed to HIV-1 were randomly assigned 
to one of three ART regimens within 48 hours 
after birth. Fixed dosing based on weight catego-
ries was used for drug administration. All in-
fants received zidovudine for 6 weeks, at a dose 
of 12 mg (for infants with a birth weight >2.0 kg) 
or 8 mg (for those with a birth weight ≤2.0 kg) 
twice daily. The first group received zidovudine 
alone. The second group received the zidovudine 
regimen plus three doses of nevirapine: the first 
within 48 hours after birth, the second 48 hours 
after the first dose, and the third 96 hours after the 
second dose.11 The nevirapine dose was 12 mg 
(birth weight >2.0 kg) or 8 mg (birth weight ≤2.0 
kg) once daily. The third group received the zidovu-
dine regimen plus nelfinavir and lamivudine for 
2 weeks. The nelfinavir dose was 200 mg (birth 
weight >3.0 kg), 150 mg (birth weight >2.0 kg 
and ≤3.0 kg), or 100 mg (birth weight ≤2.0 kg) 
twice daily. The lamivudine dose was 6 mg (birth 
weight >2.0 kg) or 4 mg (birth weight ≤2.0 kg) 
twice daily.12

Infants were randomly assigned to a treatment 
group in blocks of 12. Treatment adherence was 
evaluated with the use of treatment diaries pro-
vided to the mothers or guardians of the infants. 
In the absence of prior results of maternal HIV-1 
testing, HIV-1 infection was diagnosed in mothers 
by means of rapid testing (Determine [Abbott 
Laboratories] in Brazil, Johannesburg, and Ar-
gentina; OraQuick [OraSure Technologies] in 
Cape Town, South Africa; and any Food and 
Drug Administration [FDA]–approved rapid test 
for HIV-1 and HIV type 2 [HIV-2] antibodies at 
U.S. sites) during labor and delivery or within 48 
hours after birth. Infants were enrolled pending 
confirmatory test results in mothers. If confir-
matory testing was negative, infants who had 
not received study drugs were withdrawn from 
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the study; infants who had received study drugs 
were followed. 

Maternal Evaluations

At study entry, general medical and obstetrical his-
tories were obtained, complete blood counts were 
obtained, and plasma HIV-1 RNA levels, T-cell 
subsets, and Venereal Disease Research Labora-
tory (VDRL) titers were measured. Mothers were 
counseled not to breast-feed, and infant formula 
was provided free of charge. Information on 
breast-feeding was documented.

Infant Evaluations

Study visits occurred at birth and at 4 to 7 days, 
10 to 14 days, 4 to 6 weeks, and 3 and 6 months 
of age. Medical histories were obtained and physi-
cal examinations were performed at each visit. 
Complete blood counts and hepatic aminotrans-
ferase levels were measured at all visits except at 
6 months. The level of HIV-1 DNA was measured 
with the use of the Amplicor 1.5 DNA polymerase-
chain-reaction (PCR) assay (Roche Molecular Sys-
tems) at all visits except at 4 to 7 days. Laboratory 
abnormalities were graded with the use of the 1993 
Division of AIDS Toxicity Tables for Grading Se-
verity of Pediatric Adverse Experiences.13 Grade 3 
or higher blood-count abnormalities, grade 2 or 
higher abnormalities in hepatic aminotransferase 
levels, and grade 2B or higher rashes were consid-
ered serious adverse events. Infants with a positive 
HIV-1 DNA PCR assay underwent repeat testing as 
soon as possible. Confirmed HIV-1 infection was 
defined as two positive results on different days. 
Infants with positive DNA PCR results at birth and 
confirmatory positive results on repeat testing 
were classified as having been infected in utero; 
such infants were excluded from the primary ef-
ficacy analysis. Intrapartum infection was de-
fined as a negative test result at birth with a 
positive result on subsequent testing. Once HIV-1 
infection was confirmed, the study ART prophy-
laxis was discontinued so that infants could begin 
ART treatment. All laboratory assays were per-
formed by laboratories that were quality-assured 
after proficiency testing by the International Ma-
ternal Pediatric Adolescent AIDS Clinical Trials 
(IMPAACT) Group.

Evaluation of genotypic antiretroviral resistance 
in batched specimens from infected infants was 
performed with the use of the ViroSeq HIV-1 Ge-

notyping System. Specimens were chosen from a 
time before initiation of ART treatment (with 82% 
of specimens from the 3-month visit).

Statistical Analysis

The target sample size was 1731 infants (577 per 
study group), with the assumption of a 6% rate of 
in utero transmission and a 5% loss to follow-up. 
Sample-size calculations were based on intrapar-
tum transmission rates of 9.5% in the zidovudine-
alone group,6 6% in the two-drug group, and 2% in 
the three-drug group, with 80% power at a 5% sig-
nificance level for simultaneous pairwise compari-
sons between treatment groups. Deaths were con-
sidered to be censoring events.

The primary study end point was intrapartum 
HIV-1 transmission at 3 months of age. The effi-
cacy analysis used the Kaplan–Meier method for 
determination of transmission rates in each treat-
ment group; all infants with HIV-1 test results were 
included. A two-stage approach with an extension 
of the Mantel–Haenszel test was used for com-
parison of the three Kaplan–Meier curves, followed 
by a second-stage analysis comparing each pair 
of transmission rates with the use of two-sample 
Mantel–Haenszel tests. Hochberg’s modified Bon-
ferroni method was used to adjust the signifi-
cance level for comparisons between groups.14 
Because of lower-than-expected rates of HIV-1 
transmission, comparison of all possible pairs was 
supplemented by a comparison of monotherapy 
versus multidrug therapy.

Secondary end points included transmission at 
additional time points, infant deaths, and risk fac-
tors for HIV-1 transmission, including maternal 
HIV RNA level and CD4+ T-cell count at delivery, 
status with respect to maternal syphilis, demo-
graphic characteristics, obstetrical factors, and 
status with respect to zidovudine receipt during 
labor. The evaluation of antiretroviral genotypic 
resistance in infected infants was descriptive.

Chi-square tests and logistic regression were 
used to identify risk factors associated with HIV-1 
transmission. Only infants with conclusive evi-
dence of HIV-1 status were included in these 
analyses. In addition, all potential risk factors were 
tested for interactions with the study treatments. 
Covariates with a P value of less than 0.20 were 
entered into a multivariable logistic model. Back-
ward elimination was then used to remove nonsig-
nificant variables, resulting in the final model.
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R esult s

Baseline Characteristics of Infants  
and Mothers

From April 2004 through July 2010, a total of 
1745 infants underwent randomization: 1224 
(70.1%) from Brazil, 479 (27.4%) from South Af-
rica, 28 (1.6%) from Argentina, and 14 (0.8%) from 
the United States. Ten infants (0.6%) did not re-
ceive study drugs. Of the remaining 1735 infants, 
51 (2.9%) had mothers who were HIV-1–negative 
on confirmatory tests; these infants, whose dis-
tribution did not differ significantly among study 
groups (Table 1), were excluded from efficacy anal-
yses but included in safety analyses. The primary 
efficacy analysis included 1684 infants.

At baseline, the median age of the mothers was 
26 years; 76.3% were black or of mixed race, 8.8% 
had used illegal substances during pregnancy, 
and 9.3% had syphilis coinfection (Table 1). The 
median log10 HIV RNA level was 4.2 copies per 
milliliter, and the CD4+ T-cell count was 459 per 
cubic millimeter at delivery. Despite not having 
received a diagnosis of HIV-1 infection, 62.6% of 
the mothers had received prenatal care, with 47.5% 
having had at least three prenatal visits. HIV-1 
infection was diagnosed by means of rapid test-
ing in 73.2% of women. A total of 41.0% of 
mothers received zidovudine during labor, 99.6% 
intravenously; zidovudine use during pregnancy 
was not associated with HIV-1 transmission 
(P = 0.73). Cesarean delivery before labor or the 
rupture of membranes was performed for 23.5% 
of infants, with 535 (89.3%) of 599 cesarean de-
liveries performed in Brazil. There were no sig-
nificant differences (P>0.05) in maternal or infant 
characteristics among the study groups. The me-
dian birth weight was 3.0 kg. Breast-feeding rates, 
which reflected the peripartum timing of the di-
agnosis of HIV-1 infection in mothers, were 9.4% 
at birth, 1.5% at 4 to 7 days, and less than 1.0% 
the age of 2 weeks or older, with similar rates in 
the three study groups.

HIV-1 Infection in Infants

Overall, 140 (8.3%) of 1684 infants had HIV-1 
infection. The HIV-1 status was unknown for 97 
infants (5.8%): 31 in the zidovudine-alone group, 
33 in the two-drug group, and 33 in the three-drug 
group. All 97 infants had blood specimens collect-
ed at birth and tested by PCR assay for the pres-

ence of HIV-1 DNA: 95 tested negative; 2 (1 each 
in the zidovudine-alone and two-drug groups) had 
a positive DNA test at birth but with no subse-
quent samples available for testing; 56 had no 
further specimens collected; 14 had samples be-
tween 10 days and 2 weeks (all negative), with no 
subsequent samples; and 27 had samples between 
4 and 6 weeks (all negative), with no subsequent 
samples.

HIV-1 infection rates by study group, based on 
Kaplan–Meier curves, are shown in Figure 1 and 
Table 2. The Kaplan–Meier curves for intrapartum 
transmission differed significantly among the 
groups (P = 0.03 for the overall comparison). The 
overall rate of in utero transmission of HIV-1 was 
5.7%, ranging from 5.1% to 6.8% across study 
groups; the rate in the zidovudine-alone group did 
not differ significantly from the rate in the two-
drug group or the rate in the three-drug group 
(P = 0.24 for both comparisons). The overall rate of 
intrapartum transmission at 3 months was 3.2%; 
the rate in the zidovudine-alone group (24 infants 
[4.8%]) was significantly higher than the rates in 
the two-drug group (11 infants [2.2%]) and the 
three-drug group (12 infants [2.4%]) (P = 0.046 
for both comparisons). The overall rate of HIV-1 
transmission was higher in the zidovudine-alone 
group (61 infants [11.0%]) than in the two-drug 
group (39 infants [7.1%]) or the three-drug group 
(40 infants [7.4%]) (P = 0.03 for both comparisons). 
These P values were adjusted for the comparison 
of the zidovudine-alone group with the two mul-
tidrug groups. Adjusted P values for all possible 
comparisons were 0.07 for the zidovudine-alone 
group versus the two-drug group, 0.09 for the 
zidovudine-alone group versus the three-drug 
group, and 0.80 for the two-drug group versus the 
three-drug group.

Mortality and Loss to Follow-up

Forty-three infants (2.6%) died, with similar mor-
tality in the three groups (11 deaths [1.9%] in the 
zidovudine-alone group, 15 [2.7%] in the two-drug 
group, and 17 [3.1%] in the three-drug group) 
(P = 0.49 by the chi-square test). No deaths were 
considered to be related to the study drugs. There 
were 17 deaths in Brazil (1.4% of 1224 infants) 
versus 26 in South Africa (5.4% of 479 infants, 
P<0.001). Sixteen deaths (37%) occurred in HIV-
1–infected infants, 6 (14%) in HIV-1–uninfected 
infants, and 21 (49%) in infants with undetermined 
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HIV-1 status (see Appendix 2 in the Supplementa-
ry Appendix, available at NEJM.org). Reasons for 
study discontinuation (97 infants) included death 
(21), withdrawal of consent (37), loss to follow-up 
(32), relocation (6), and other reasons (1). Partici-
pants attended 96% of the scheduled visits through 
3 months; treatment adherence, as assessed on the 
basis of treatment diaries completed by the moth-
ers or guardians, exceeded 96% for all study drugs.

Risk Factors for Perinatal Transmission

Factors independently associated with an increased 
risk of HIV-1 transmission included zidovudine 
monotherapy, a higher maternal HIV RNA level at 

delivery, and use of illegal substances during preg-
nancy (Table 3).

Adverse Events

Neutropenia was the only grade 2 or higher labo-
ratory abnormality that differed significantly 
among the groups, occurring in 27.5% of infants 
in the three-drug group versus 14.9% in the two-
drug group and 16.4% in the zidovudine-alone 
group (P<0.001 for both comparisons by the chi-
square test) (Appendix 3 in the Supplementary 
Appendix). Elevated aminotransferase levels were 
uncommon (occurring in 2.5% of all the infants) 
and did not differ significantly among the groups. 

Table 1. Baseline Demographic and Clinical Characteristics of the Infants and Mothers.*

Characteristic
Overall

(N = 1684)†
Zidovudine

(N = 566)

Zidovudine plus 
Nevirapine
(N = 562)

Zidovudine plus  
Nelfinavir and 

Lamivudine
(N = 556) P Value‡

Infant’s age at time of ART delivery — hr§

Median 29 28 29

Range 2–48 3–48 3–48

Inadvertent enrollment: mother HIV-negative on 
confirmatory testing — no./total no. (%)

51/1735 (2.9) 15/581 (2.6) 18/580 (3.1) 18/574 (3.1) 0.83

Maternal age

Median — yr 26 26 26 26 0.86

Range — yr 13–47 13–43 14–47 14–45

13–24 yr — no./total no. (%) 658/1664 (39.5) 218/563 (38.7) 207/1230 (37.2) 233/544 (42.8) 0.15

25–29 yr — no./total no. (%) 470/1664 (28.2) 166/563 (29.5) 171/557 (30.7) 133/544 (24.4)

≥30 yr — no./total no. (%) 536/1664 (32.2) 179/563 (31.8) 179/557 (32.1) 178/544 (32.7)

Race — no./total no. (%)¶

Black 819/1664 (49.2) 273/563 (48.5) 283/557 (50.8) 263/544 (48.3) 0.50

Mixed 451/1664 (27.1) 145/563 (25.8) 147/557 (26.4) 159/544 (29.2)

White or other 394/1664 (23.7) 145/563 (25.8) 127/557 (22.8) 122/544 (22.4)

Viral load — no./total no. (%)

>100,000 copies/ml 226/1656 (13.6) 71/559 (12.7) 82/554 (14.8) 73/543 (13.4) 0.49

10,000–100,000 copies/ml 726/1656 (43.8) 254/559 (45.4) 247/554 (44.6) 225/543 (41.4)

<10,000 copies/ml 704/1656 (42.5) 234/559 (41.9) 225/554 (40.6) 245/543 (45.1)

Log10 viral load — copies/ml‖

Median 4.17 4.17 4.20 4.13 0.29

Range 1.65–6.78 1.65–6.78 1.84–6.36 1.86–6.49

CD4+ count

Median — cells/mm3 459 471 447 458 0.83

Range — cells/mm3 12–2678 31–1748 12–2678 23–2556

<200 cells/mm3 — no./total no. (%) 191/1633 (11.7) 67/548 (12.2) 55/546 (10.1) 69/539 (12.8) 0.33

200–350 cells/mm3 — no./total no. (%) 358/1633 (21.9) 115/548 (21.0) 137/546 (25.1) 106/539 (19.7)

351–500 cells/mm3 — no./total no. (%) 358/1633 (21.9) 115/548 (21.0) 120/546 (22.0) 123/539 (22.8)

>500 cells/mm3 — no./total no. (%) 726/1633 (44.5) 251/548 (45.8) 234/546 (42.9) 241/539 (44.7)
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Table 1. (Continued.)

Characteristic
Overall

(N = 1684)†
Zidovudine

(N = 566)

Zidovudine plus 
Nevirapine
(N = 562)

Zidovudine plus  
Nelfinavir and 

Lamivudine
(N = 556) P Value‡

Use of zidovudine during labor — no./total  
no. (%)

682/1664 (41.0) 227/563 (40.3) 231/557 (41.5) 224/544 (41.2) 0.92

Maternal syphilis — no./total no. (%) 151/1626 (9.3) 49/549 (8.9) 56/545 (10.3) 46/532 (8.6) 0.61

Timing of maternal diagnosis — no./total no. (%)

During labor and delivery with rapid testing 
for HIV-1

1218/1664 (73.2) 413/563 (73.4) 413/557 (74.1) 392/544 (72.1) 0.73

Before labor, with 2 positive serologic tests 446/1664 (26.8) 150/563 (26.6) 144/557 (25.9) 152/544 (27.9)

Type of delivery — no./total no. (%)

Cesarean before membrane rupture 395/1683 (23.5) 132/566 (23.3) 131/561 (23.4) 132/556 (23.7) 0.98

Vaginal or cesarean after membrane rupture 1288/1683 (76.5) 434/566 (76.7) 430/561 (76.6) 424/556 (76.3)

Gestational age

Median — wk 39 39 39 39 0.76

Range — wk 32–42 32–42 32–42 32–42

≥37 wk — no./total no. (%) 1509/1684 (89.6) 510/566 (90.1) 509/562 (90.6) 490/556 (88.1) 0.37

* ART denotes antiretroviral therapy.
† The total number of infants was 1684. Because there were 10 pairs of twin babies, the total number of mothers was 1664.
‡ P values were calculated with the use of Pearson chi-square tests.
§ Two thirds of mothers received standard-of-care treatment with zidovudine before the initiation of the study regimen.
¶ Race was determined by self-report.
‖ A viral load of 400 copies per milliliter or less was recorded as 400 divided by the square root of 2.

Serious adverse events were observed in 40.1% of 
infants: 38.7% of infants in the zidovudine-only 
group, 37.0% of those in the two-drug group, 
and 44.6% of those in the three-drug group (Ap-
pendix 4 in the Supplementary Appendix). Seri-
ous adverse events possibly or probably related to 
study drugs, as determined by the medical offi-
cer of the study sponsor (the Eunice Kennedy 
Shriver National Institute of Child Health and 
Human Development [NICHD]), were observed 
in 8.4% and 3.4% of infants, respectively, with 
higher rates in the three-drug group (12.2% and 
4.9%) than in the zidovudine-alone group (6.9% 
and 3.7%) or the two-drug group (6.2% and 
1.8%). Neutropenia and anemia accounted for 
the majority of serious adverse events. Only two 
skin-related serious adverse events, neither con-
sidered by the site investigators and the NICHD 
medical officer to be related to the study drugs, 
were reported (one each in the two- and three-
drug groups).

Antiretroviral Drug Resistance

The results of genotypic antiretroviral resistance 
testing were available for 120 (85.7%) of 140 HIV-

infected infants (Table 4). Mutations conferring 
resistance to nucleoside analogue reverse-transcrip-
tase inhibitors (NRTIs) were present in 3 infants 
(2 in the three-drug group and 1 in the two-drug 
group), and mutations conferring resistance to pro-
tease inhibitors were present in 2 infants (both in 
the three-drug group). Mutations conferring resis-
tance to nonnucleoside reverse-transcriptase inhib-
itors (NNRTIs) were present in 12 infants: 3 (5.7%) 
in the zidovudine-alone group, 6 (18.2%) in the 
two-drug group, and 3 (8.8%) in the three-drug 
group (P = 0.15 for multiple comparisons). Most 
NNRTI mutations were detected in infants in-
fected in utero; only 3 infants with intrapartum 
infection had NNRTI mutations, 1 in each group. 
There were no significant differences in the distri-
bution of resistance mutations among the groups.

Discussion

This study compared ART prophylactic regimens 
in a solely formula-fed population of infants whose 
mothers had not received antenatal ART. On the 
basis of the results of the Pediatric AIDS Clinical 
Trials Group Protocol 076 study,15 the standard 
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ART prophylactic regimen for infants born to HIV-
1–infected mothers in high-income and middle-
income countries has been a 6-week course of 
zidovudine.16,17 In our study, the overall trans-
mission rate in the zidovudine-alone group (11%) 
was similar to rates in observational studies in 
which zidovudine was initiated within 48 hours 
after birth in postpartum-identified HIV-1–exposed 
infants.6,7,18 Intrapartum transmissions were re-
duced by half in the two- and three-drug groups 
in our study, as compared with the zidovudine-
alone group. When we designed the study, we hy-
pothesized that a protease-inhibitor–based three-
drug ART regimen might confer a higher level of 
protection against intrapartum HIV transmission 
than would a two-drug regimen, given the high 
virologic efficacy of protease-inhibitor–based treat-
ment regimens.19,20 However, intrapartum infec-
tion rates were similar in the multidrug groups 
in our study.

Although intrapartum infection rates were 
about half as high as anticipated, with consequent 

loss of power, we observed significant differences 
in infection rates. Although transmission rates 
were similar in the multidrug groups, ease of ad-
ministration favors the zidovudine–nevirapine 
regimen (a liquid formulation of nevirapine is com-
mercially available, whereas nelfinavir powder re-
quires reconstitution before each dose). Moreover, 
unlike nevirapine,11 the absorption of nelfinavir 
in neonates is quite variable.12 At present, other 
protease inhibitors are not recommended in the 
neonatal period, given the adverse effects of lopi-
navir–ritonavir21 and FDA restrictions on its use in 
infants younger than 14 days of age. Neutropenia 
was significantly more common with the three-
drug regimen than with the other two regimens, a 
difference that is probably related to the combined 
suppressive effects of zidovudine and lamivudine 
on bone marrow production of blood cells.22-24

Although NNRTI resistance was observed more 
frequently in the two-drug group, NNRTI resis-
tance mutations were present in all three groups, 
most frequently among infants infected in utero. 
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Figure 1. Intrapartum HIV-1 Transmission According to Treatment Group.

Kaplan–Meier curves for intrapartum transmission differed significantly (P = 0.03 for the overall comparison). Transmission rates were 
highest in the zidovudine-alone group (3.4% at 4 to 6 weeks vs. 1.6% in the two-drug group and 1.4% in the three-drug group; 4.8%  
at 3 months vs. 2.2% in the two-drug group and 2.4% in the three-drug group).
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Table 2. Infant HIV-1 Infections According to Treatment Group.*

Infection Status
Overall

(N = 1684)
Zidovudine

(N = 566)

Zidovudine plus 
Nevirapine
(N = 562)

Zidovudine plus 
Nelfinavir and  

Lamivudine 
(N = 556) P Value†

Infected in utero

Infants — no. 93 37 28 28

Kaplan–Meier rate — % (95% CI) 5.7 (4.7–6.9) 6.8 (5.0–9.3) 5.1 (3.5–7.3) 5.2 (3.6–7.4) 0.24

Infected during intrapartum period

4–6 wk

Infants — no. 32 17 8 7

Kaplan–Meier rate — % (95% CI) 2.1 (1.5–3.0) 3.4 (2.1–5.4) 1.6 (0.8–3.1) 1.4 (0.7–2.9) 0.07

3 mo

Infants — no. 47 24 11 12

Kaplan–Meier rate — % (95% CI) 3.2 (2.4–4.2) 4.8 (3.2–7.1) 2.2 (1.2–3.9) 2.4 (1.4–4.3) 0.046

Infected in utero or during intrapartum period

Infants — no. 140 61 39 40

Kaplan–Meier rate — % (95% CI) 8.5 (7.3–10.0) 11.0 (8.7–14.0) 7.1 (5.2–9.6) 7.4 (5.4–9.9) 0.03

Uninfected — no. 1447 474 490 483

Unknown — no.  97  31  33  33

* Transmission rates and 95% confidence intervals were estimated on the basis of Kaplan–Meier curves for in utero, intrapartum, and overall 
transmission. Patients who died or were lost to follow-up were included in this analysis. Infants who were inadvertently enrolled were ex-
cluded from the analysis.

† The P values for the pairwise comparisons were calculated with the use of Hochberg’s modified Bonferroni approach, with adjustment for 
two pairwise comparisons. The two pairwise comparisons were zidovudine versus zidovudine plus nevirapine and zidovudine versus zid-
ovudine plus nelfinavir and lamivudine; because of the Hochberg adjustment, the P values were identical for the two comparisons.

Baseline rates of primary NNRTI resistance of 4 to 
11% have been reported among Brazilian patients, 
and transmission of resistant virus from mother 
to child could explain the presence of NNRTI re-
sistance in all the groups in our study.25-27 Ma-
ternal resistance testing to gain a better under-
standing of the genesis of infant antiretroviral 
resistance is under way. Coadministration of zi-
dovudine decreases NNRTI resistance after ex-
posure to single-dose nevirapine.28 The clinical 
significance of NNRTI resistance in infants may be 
limited, because protease-inhibitor–based therapy 
is highly effective in infants and is recommend-
ed in World Health Organization and U.S. guide-
lines for the treatment of pediatric HIV infection 
in infants exposed to NNRTI-based regimens for 
the prevention of mother-to-child transmission 
of HIV.29,30

Factors independently associated with an in-
creased rate of HIV-1 transmission included zi- 
dovudine monotherapy, a higher maternal HIV 
RNA level at delivery, and maternal use of illegal 
substances. The latter two have been associated 

with high rates of HIV transmission in multiple 
studies.31-35 Although our study identified im-
proved prophylactic alternatives for infants born 
to late-presenting HIV-1–infected mothers, the 
present approach does not substitute for the 
prevention and early identification of HIV-1 in-
fection in women, with prompt initiation of ART 
during pregnancy. Prenatal care was received by 
63% of the mothers in our study, with 48% hav-
ing had at least 3 visits; these findings indicate 
that there were numerous missed opportunities 
to diagnose maternal HIV-1 infection and provide 
prophylaxis against mother-to-child transmis-
sion. Provision of ART prophylaxis in infants 
will not prevent in utero infection, which ac-
counted for 70% or more of the residual infection 
in the two- and three-drug groups.

Like the findings in studies investigating rapid 
intrapartum and postpartum HIV-1 testing,36,37 
our findings show that large-scale rapid HIV-1 
testing during labor or the immediate postpartum 
period, followed by prompt initiation of ART in 
infants, is feasible, acceptable, and effective. The 
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Table 3. Odds Ratios for Intrapartum HIV-1 Infection According to Maternal Demographic and Clinical Characteristics.

Characteristic Infected Uninfected Odds Ratio (95% CI)

Unadjusted P Value Adjusted* P Value

no./total no. (%)

Treatment group

Zidovudine plus nelfinavir and lamivudine 12/528 (2.3) 516/528 (97.7) 0.49 (0.24–0.99) 0.047 0.50 (0.24–1.01) 0.05

Zidovudine plus nevirapine 11/534 (2.1) 523/534 (97.9) 0.44 (0.21–0.91) 0.03 0.39 (0.19–0.82) 0.01

Zidovudine 24/529 (4.5) 505/529 (95.5) 1.00 1.00

Age

13–24 yr 20/627 (3.2) 607/627 (96.8) 0.85 (0.45–1.60) 0.61

25–29 yr 8/437 (1.8) 429/437 (98.2) 0.48 (0.21–1.11) 0.08

≥30 yr 19/507 (3.7) 488/507 (96.3) 1.00

Race

Black 29/776 (3.7) 747/776 (96.3) 1.56 (0.73–3.32) 0.25

Mixed 9/425 (2.1) 416/425 (97.9) 0.87 (0.34–2.21) 0.77

White or other 9/370 (2.4) 361/370 (97.6) 1.00

Illegal-substance use during pregnancy 7/137 (5.1) 130/137 (94.9) 1.87 (0.82–4.25) 0.14 2.51 (1.08–5.86) 0.03

Increased log10 viral load 2.16 (1.49–3.13) <0.001 2.28 (1.56–3.35) <0.001

Increased CD4+ count 0.90 (0.81–1.01) 0.08

Prenatal care

No 18/592 (3.0) 574/592 (97.0) 1.02 (0.56–1.86) 0.94

Yes 29/974 (3.0) 945/974 (97.0) 1.00

Use of zidovudine during labor

No 29/931 (3.1) 902/931 (96.9) 1.11 (0.61–2.02) 0.73

Yes 18/640 (2.8) 622/640 (97.2) 1.00

Syphilis

Yes 3/134 (2.2) 131/134 (97.8) 0.71 (0.22–2.31) 0.57

No 44/1403 (3.1) 1359/1403 (96.9) 1.00

Region

Americas 30/1124 (2.7) 1094/1124 (97.3) 0.69 (0.38–1.27) 0.24

South Africa 17/447 (3.8) 430/447 (96.2) 1.00

Type of delivery

Cesarean before membrane rupture 7/373 (1.9) 366/373 (98.1) 0.56 (0.25–1.27) 0.17

Vaginal or cesarean after membrane 
rupture or timing unknown

40/1217 (3.3) 1177/1217 (96.7) 1.00

Gestational age

32–36 wk 6/165 (3.6) 159/165 (96.4) 1.28 (0.53–3.05) 0.59

≥37 wk 41/1426 (2.9) 1385/1426 (97.1) 1.00

* All available demographic and clinical variables were tested for their association with transmission. P values are for the significance of the 
association with transmission from mother to infant. All variables with a P value of 0.20 or less were included in the multivariable regres-
sion model. Variables with a P value of more than 0.20 were then removed from the model. The backward-elimination method was used  
to select the final model. This model used maternal viral load and maternal CD4+ count as continuous variables in addition to treatment 
group and illegal substance use. The odds ratios shown for log10 viral load and CD4+ count are associated with a 1-log increase in the viral 
load or a 100-cell increase in the CD4+ count. The CD4+ count was eliminated from the final adjusted model.
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Table 4. Viral Resistance According to Treatment Group.*

Mutation Overall Zidovudine
Zidovudine plus  

Nevirapine

Zidovudine plus 
Nelfinavir and  

Lamivudine P Value†

no. of infants/total no. (%)

NRTI-associated mutations

In utero 2/79 (2.5) 0/32 0/23 2/24 (8.3) 0.17

Intrapartum 1/41 (2.4) 0/21 1/10 (10.0) 0/10 0.49

Overall 3/120 (2.5) 0/53 1/33 (3.0) 2/34 (5.9) 0.17

PI-associated mutations

In utero 2/79 (2.5) 0/32 0/23 2/24 (8.3) 0.17

Intrapartum 0/41 0/21 0/10 0/10 —

Overall 2/120 (1.7) 0/53 0/33 2/34 (5.9) 0.15

NNRTI-associated mutations

In utero 9/79 (11.4) 2/32 (6.2) 5/23 (21.7) 2/24 (8.3) 0.19

Intrapartum 3/41 (7.3) 1/21 (4.8) 1/10 (10.0) 1/10 (10.0) 1.00

Overall 12/120 (10.0) 3/53 (5.7) 6/33 (18.2) 3/34 (8.8) 0.15

Any mutations associated with PIs, 
NNRTIs, or NRTIs

In utero 10/79 (12.7) 2/32 (6.2) 5/23 (21.7) 3/24 (12.5) 0.20

Intrapartum 4/41 (9.8) 1/21 (4.8) 2/10 (20.0) 1/10 (10.0) 0.53

Overall 14/120 (11.7) 3/53 (5.7) 7/33 (21.2) 4/34 (11.8) 0.09

* Although 140 infants had HIV-1 infection, 20 did not have results from the ViroSeq assay owing to missing specimens 
or failure of the assay (i.e., the viral load was too low for amplification). The following mutations were considered clini-
cally significant for resistance: D67G, L210W, T215S, K219E, D67 N, T215Y, K65R, K70R, and K219R for nucleoside ana-
logue reverse-transcriptase inhibitors (NRTIs); L10I, D30 N, A71V, and N88D for protease inhibitors (PIs); and Y181C, 
K103 N, V179E, E138K, V106A, V106 M, V181I, A98G, and V179D for nonnucleoside reverse-transcriptase inhibitors 
(NNRTIs). Some infants had more than one mutation.

† P values, which were calculated with the use of Fisher’s exact test, are for multiple comparisons.

high level of acceptability of postexposure ART 
prophylaxis in infants is reflected by 96% adher-
ence. In settings where zidovudine prophylaxis is 
the standard of care for HIV-exposed infants 
whose mothers have not received ART during preg-
nancy, our study shows that the administration of 
additional antiretroviral drugs significantly reduc-
es the risk of intrapartum acquisition of HIV, as 
compared with zidovudine alone. Our findings are 
pertinent to countries in which combination ART 
in mothers throughout pregnancy is standard and 
ongoing exposure to HIV-1 through breast-feeding 
does not occur. Our results support combination 
ART regimens instead of zidovudine alone for pro-
phylaxis in the infants of mothers who have not 
received antenatal ART. Ease of use, reduced tox-
icity, availability, and low cost suggest that zi- 
dovudine plus nevirapine is an attractive option 

for prophylaxis in infants at high risk for peri-
natal HIV-1 infection.
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