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Abstract

Nevirapine resistance mutations arise commonly following single or extended-dose nevirapine (ED-NVP)
prophylaxis to prevent mother-to-child transmission (PMTCT) of human immunodeficiency virus (HIV), but
decay within 6–12 months of single-dose exposure. Use of ED-NVP prophylaxis in infants is expected to rise, but
data on decay of nevirapine resistance mutations in infants in whom ED-NVP failed remain limited. We as-
sessed, in Ethiopian infants participating in the Six-Week Extended Nevirapine (SWEN) Trial, the prevalence
and persistence of nevirapine resistance mutations at 6 and 12 months following single-dose or up to 6 weeks of
ED-NVP, and correlated their presence with the timing of infection and the type of resistance mutations.
Standard population genotyping followed by high-throughput cloning were done on dried blood spot samples
collected during the trial. More infants who received ED-NVP had nevirapine resistance detected by standard
population genotyping (high frequencies) at age 6 months compared with those who received single-dose
nevirapine (SD-NVP) (58% of 24 vs. 26% of 19, respectively; p¼ 0.06). Moreover, 56% of ED-NVP-exposed
infants with nevirapine resistance at age 6 months still had nevirapine resistance mutations present at high
frequencies at age 1 year. Infants infected before 6 weeks of age who received either SD- or ED-NVP were more
likely to have Y181C or K103N; these mutations were also more likely to persist at high frequencies through 1
year of age. HIV-infected infants in whom ED-NVP prophylaxis fails are likely to experience delayed clearance
of nevirapine-resistant virus in the first year of life, which in turn places them at risk for early selection of
multidrug-resistant HIV after initial therapy with nonnucleoside reverse transcriptase inhibitor-based regimens.

Introduction

Asingle peripartum dose of nevirapine reduces mother-
to-child transmission of human immunodeficiency virus

(HIV) by nearly 50%.1,2 This risk can be reduced further when
combinations of antiretroviral drugs are used.3,4 However,
risk of mother-to-child transmission of HIV continues post-
natally if the infant is breastfed, and nearly 40% of new HIV
infections in children each year (estimated at 370,000 in 2009)
occur through breastfeeding.5 Randomized controlled clinical
trials, however, show that giving nevirapine daily to breast-
feeding infants of HIV-infected women significantly reduces
the risk of HIV transmission.3,6,7 The World Health Organi-

zation (WHO) now recommends extended daily nevirapine
during and for 1 week after cessation of breastfeeding as one
strategy to prevent mother-to-child HIV transmission in re-
source-constrained settings.8 In nonbreastfeeding infants in
these settings, nevirapine given daily to the infant for 4–6
weeks is also an alternate prophylactic regimen to daily zi-
dovudine.8

One effect of nevirapine prophylaxis is the ease with which
resistance occurs,9–11 which in turn may compromise therapy
with nonnucleoside reverse transcriptase inhibitor-containing
regimens.12–15 Following single-dose nevirapine (SD-NVP)
prophylaxis, approximately 36% of women and 53% of in-
fants develop nevirapine resistance to high levels in blood that
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can be identified with standard genotyping.16 Though these
resistance mutations decay from detection over time,9,17,18

they can remain archived in replication-competent forms in
up to 8% of women after a median of 2 years of drug expo-
sure.19 Longitudinal studies in infants who develop nevir-
apine resistance with SD-NVP prophylaxis show that
nevirapine resistance remains detectable by standard popu-
lation genotyping in approximately 0–20% of infants retested
between 6 months and 1 year of age,9,20,21 with one study
reporting 50% of eight children maintaining nevirapine re-
sistance through 12 months of age.22

In the Six-Week-Extended Nevirapine (SWEN) Trial, in
which breastfed Ethiopian, Indian, and Ugandan infants were
randomized to receive SD-NVP or up to 6 weeks of daily
nevirapine (ED-NVP), a 46% reduction in HIV transmission
was observed.6 In this trial, among the infants who received
ED-NVP prophylaxis and were diagnosed with HIV infection
by age 6 weeks, a high proportion (up to 92%) developed
nevirapine-resistant virus at high frequencies compared with
up to 50% of those who received only a single dose of nevir-
apine.20,21 To date, longitudinal studies assessing decay of
nevirapine resistance mutations arising following failed
ED-NVP prophylaxis are limited.9,20,21 In the SWEN study,
100% of seven Ugandan infants who received ED-NVP, and
were diagnosed with HIV infection by 6 weeks of age who
had nevirapine resistance, maintained nevirapine resistance
mutations at high frequencies through 6 months of age
compared with 16.7% of those who received only the single-
dose regimen.20 In the Indian infants, 40% of five HIV
subtype C-infected infants had persistence of nevirapine
resistance mutations at high frequencies through 1 year of age
compared with 20% of five single-dose exposed infants.21

These studies were limited by small sample sizes and het-
erogeneity in the timing of infection and age at repeat geno-
typing. We conducted a longitudinal study of decay of
nevirapine resistance mutations following SD- or ED-NVP
prophylaxis in Ethiopian subtype C HIV-infected infants en-
rolled in the SWEN Trial who survived through 1 year of age
but in whom antiretroviral therapy was not yet available for
treatment.

Materials and Methods

Clinical samples

Clinical samples from Ethiopian infants participating in the
SWEN trial were assessed.6 In the SWEN trial, infants born to
HIV-infected women in Ethiopia, India, and Uganda who
planned to breastfeed were randomized to receive SD-NVP
followed by daily multivitamins or SD-NVP followed by ED-
NVP and multivitamins starting on day 8 to up to day 42 of
life.6 Eligibility criteria, informed consent procedures, and
primary outcome have been previously described.2 There
were 772 live births from 780 Ethiopian women enrolled in the
SWEN trial from February 2001 to March 2007 who met eli-
gibility for the (pure) intent-to-treat analysis.6 Blood samples
were collected frequently on Ethiopian infants (within 72 h of
birth, at weeks 2, 6, and 14, and at months 6, 9, and 12) during
the main trial for estimating mode and timing of HIV infec-
tion. HIV RNA in plasma was used to diagnose infection as
previously reported.6 Infants were assigned to one of the
following infection categories in the main trial based on the
time of first positive HIV RNA polymerase chain reaction

(PCR): in utero (positive HIV RNA by day 7), peripartum, or
early-breastfeeding (positive from day 7 through week 14).

HIV-infected infants received care and treatment based on
local clinical care guidelines, but none of the infants in this
study received antiretroviral therapy prior to HIV genotyp-
ing: antiretroviral therapy became routinely available after
2005. Follow-up genotyping was performed at 1 year of age in
infants who had nevirapine resistance detected by standard
population genotyping at age 6 months.

HIV genotyping from dried blood spots, high-throughput
cloning, and sequencing

Total nucleic acids were extracted from two whole spots of
dried blood saved on Whatman filter paper (GE Healthcare,
Wauwatosa, WI) using NucliSens silica-based magnetic nu-
cleic acid extraction methods (Biomerieux, Boxtel, NL) eluted
into 60 ml of elution buffer. cDNA was synthesized from 10ml
of total nucleic acid extract using our previously published
gene-specific primers23 from which a 663-base pair (bp) region
of HIV reverse transcriptase (HIV-RT) encoding known sites
of nevirapine resistance was amplified with an in-house,
genotyping assay.23 For the 18 samples that were negative by
the in-house genotyping assay, a repeat genotype was per-
formed on cDNA with different primers that amplify shorter
fragments of HIV-RT (425 and 366 base pairs)24 and encoding
for the relevant drug resistance sites. Amplicons were elec-
trophoresed on a 1.5% agarose gel, purified using a column-
based method (Qiagen, Valencia, CA), and sequenced with
HIV sequence-specific primers23 on an ABI 3730 capillary
electrophoresis instrument (Applied Biosystems, San Jose,
CA).

Patient sequences were aligned using Sequencher 4.9 se-
quencing software (Gene Codes, Ann Arbor, MI) with HIV
subtype C Ethiopian reference sequences obtained from the
Los Alamos database.25 Genotypic resistance mutations were
based on the recommendations from the Stanford Genotypic
Resistance Database26 and the International AIDS Society–
USA Drug Resistance Mutation list.27 Substitutions at the
following eight amino acid positions of HIV-RT were con-
sidered as NVP resistance mutations: L100I, K101E/P,
K103N/S, V106A/M, V108I, Y181C/I/V, Y188C/L/H, or
G190A/S/E.

Clonal frequencies of nevirapine resistance mutations were
assessed using high-throughput cloning (TOPO Cloning, In-
vitrogen, Carlsbad, CA) and sequencing (up to 96 clones per
subject) on an ABI 3730 capillary electrophoresis instrument
(Agencourt Bioscience Corporation, Beverly, MA).21 Cloning,
however, was performed only in patient samples where the
larger 663-bp HIV-RT fragment was amplified. Nevirapine
resistance mutations identified by standard population gen-
otyping were classified as high-frequency resistance and
those requiring cloning for detection as low-frequency resis-
tance. Follow-up genotyping was performed on infants who
had nevirapine resistance detected by standard population
genotyping at 6 months of age and had available dried blood
spots (DBS) at age 12 months.

Statistical methods

Nevirapine resistance mutations present exclusively at
high (detected by standard population genotyping) or low
frequencies (required high-throughput cloning for detection)
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were analyzed in infants randomized to receive ED-NVP or
only SD-NVP prophylaxis. The proportion of infants who had
nevirapine resistance detected at 6 months of age and whose
timing of infection differed was compared between the two
groups (ED-NVP or SD-NVP) using Fisher’s exact test for
categorical variables and Wilcoxon rank-sum test for contin-
uous variables. Similarly, the proportion of deaths at 6
months and 1 year of age in infants with and without nevir-
apine resistance detected by standard population genotyping
at 6 months of age was compared using Fisher’s exact test.
Data analyses were performed using STATA software, ver-
sion 10.0 (StataCorp LP, College Station, TX).

Results

In the SWEN Trial, 76 Ethiopian infants were diagnosed
with HIV infection in the first 14 weeks of life: 55 survived to
the age of 6 months of whom 46 (84% of surviving infants) had
DBS samples available for HIV drug resistance testing.
Among the 46 infants, 39% were identified as infected in utero
(10 ED-NVP-exposed and 8 SD-NVP-exposed infants) and
61% by 14 weeks of age through either peripartum or early
breastmilk transmission (16 ED-NVP- and 12 SD-NVP-
exposed infants; Table 1). Genotyping was successful in 93%
of the 46 infants (24 ED-NVP and 19 SD-NVP-exposed infants;
Table 1). In two ED-NVP-exposed infants who were infected
in utero, and one SD-NVP-exposed infant infected through
peripartum/early breastfeeding, HIV genotyping was un-
successful. These three infants were excluded from the data
shown in Table 1. The median duration of nevirapine pro-
phylaxis for the 24 infants who received ED-NVP and in
whom genotyping was successful was 30 days (IQR: 29,
31 days; Table 1). Despite being infected in utero, infants
who were assigned to the ED-NVP regimen also received a
median of 31 days of nevirapine (IQR: 26–32 days) reflective
of the time needed to receive nucleic acid testing required for
infant HIV diagnosis. The median plasma viral load in ED-
NVP-exposed infants surviving to age 6 months was lower at
5.8 log10 HIV RNA copies/ml (IQR: 5.3, 5.9) compared with
6.1 (IQR: 5.8, 6.3) log10 HIV RNA copies/ml in SD-NVP-
exposed infants ( p¼ 0.03). The median CD4þ T cell counts
were similar in the two groups [1479 cells/mm3 (IQR: 850,

2329) and 1544 cells/mm3 (IQR: 470, 2246), respectively;
p¼ 0.84; Table 1].

At age 6 months, a higher proportion of ED-NVP-exposed
infants diagnosed with HIV infection within the first 14 weeks
of life had nevirapine resistance mutations present at high
frequencies compared to those who received SD-NVP alone
[58% (14/24) vs. 26% (5/19); p¼ 0.063; Fig. 1). The persistence
of nevirapine resistance following ED-NVP was assessed by
mode of infection. Fifty percent (4/8) of in utero-infected in-
fants who received ED-NVP, because of a delay in diagnosis,
had persistent nevirapine resistance mutations at high fre-
quencies through 6 months of age compared with 38% (3/8)
of those who received the SD-NVP regimen ( p¼ 1.0; Fig. 1).
The prevalence of high frequencies of nevirapine resistance
at age 6 months remained higher among ED-NVP-exposed
infants infected through peripartum or early-breastfeeding
between birth and 14 weeks of age than those who received
SD-NVP [62% (10/16) vs. 18% (2/11); p¼ 0.047; Fig. 1].

Since standard population genotyping assays do not pro-
vide quantitative information on drug resistance, we exam-
ined whether extended doses of nevirapine gave rise to a
persistence of higher clonal frequencies of nevirapine resis-
tance mutations than administration of a single dose. This
approach was limited to infants who had genotypes derived
from the 663-bp product, as high-throughput cloning on
multiple short products is less feasible. The clonal frequencies
of nevirapine resistance mutations were not different at age 6
months in infected infants who received extended or single-
dose nevirapine. Analyses of a median of 69 (IQR: 49, 85) and
76 (IQR: 70, 90) clones in the 11 ED-NVP-exposed infants and
five SD-NVP-exposed infants showed a median clonal fre-
quency of nevirapine resistance mutations of 100.0% (IQR:
42.9, 100) and 98.2% (IQR: 74.3, 100), respectively (Table 2).

High-throughput cloning was also performed to assess
nevirapine resistance at low frequencies in infants who lacked
resistance mutations by standard population genotyping at
age 6 months. High-throughput clonal analysis was carried
out on 16 infants (4 of 10 ED-NVP-exposed and 12 of 14 SD-
NVP-exposed infants) in whom nevirapine resistance was
not identified by standard population genotyping. Low-
frequency nevirapine resistance was detected in 50% of four
ED-NVP-exposed infants in a median of 78 (IQR: 55, 83)

Table 1. Patient Characteristics

Characteristics SWEN (n¼ 24) sdNVP (n¼ 19) p-valuea

Estimated mode and timing of infection [n (%)]
In utero (diagnosed �1 week) 8 (27.6%) 8 (33.3%) 0.65
Peripartum/early-breastfeeding (diagnosed
>1–14 weeks)

16 (55.2%) 11 (45.8%) 0.50

Male [n (%)] 14 (48.3%) 10 (41.7%) 0.78
Median log10 viral load at 6 months of age for infants

infected by 14 weeks of age [HIV RNA copies/ml (IQR)]
5.8 (5.3–5.9) 6.1 (5.8–6.3) 0.03

Median CD4 count at 6 months of age for infants infected
by 14 weeks [cells/mm3 (IQR)]

1479 (850–2329) 1544 (470–2246) 0.84

Median days of study drug (IQR)
In utero (diagnosed �1 week) 30.5 (25.5–31.5) n/a
Peripartum/early-breastfeeding (diagnosed >1–14 weeks) 30 (30–31.5) n/a

Median duration of exclusive breastfeeding [weeks (IQR)] 5.9 (1.7–24.4) 8.9 (3.8–14.3) 0.46

aFisher’s exact test was used to compare categorical variables and Wilcoxon rank sum test for continuous variables.
SWEN, up to 6 weeks of extended-dose nevirapine; sdNVP, single-dose nevirapine; IQR, interquartile range; n/a, not applicable.
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clones and 42% of 12 SD-NVP-exposed infants in a median of
79 clones (IQR: 58, 83). The median frequencies of nevirapine
resistance mutations identified through cloning were 2.1%
(IQR: 1.2, 2.9) in the ED-NVP-exposed infants and 2.0% (IQR:
1.4, 4.6%) in the SD-NVP-exposed infants.

The Y181C and K103N nevirapine resistance mutations
were the most common detected at high frequencies in both

groups. The Y181C persisted in 50% (7/14) of ED-NVP-
exposed infants and 40% (2/5) of SD-NVP-exposed infants
(Table 2), whereas, the K103N mutation was present in 14%
(2/14) of ED-NVP-exposed infants and 20% (1/5) of SD-NVP-
exposed infants (Table 2). Nevirapine resistance mutations
other than Y181C and K103N were found to persist at high
frequencies through 6 months of age in both ED-NVP-ex-
posed and SD-NVP-exposed infants but less frequently, and
these included Y188C, G190A, and V106M (Table 2). Nevir-
apine resistance mutations detected exclusively at low fre-
quencies were heterogeneous. The Y181C and V106A
mutations were detected in the two ED-NVP-exposed infants.
The K103N (n¼ 1), V108I (n¼ 2), Y181C (n¼ 1), and V106A
in combination with Y188C were detected in the SD-NVP-
exposed infants.

The types of nevirapine resistance mutations persisting at
high frequencies at 6 months of age in ED-NVP-exposed and
SD-NVP-exposed infants differed by timing of infection. In-
fants identified as HIV infected within the first 6 weeks of life
were more likely to have Y181C compared to those infected
after 6 weeks of age. Sixty-seven percent (8/12) of infants
who were diagnosed with HIV infection by 6 weeks of age
had Y181C persisting through 6 months of age compared
with 14% (1/7) of infants diagnosed after 6 weeks of age
(Table 2; p¼ 0.057).

Longitudinal assessment of the extent to which nevirapine
resistance persists at high frequencies through the first year of
life following ED-NVP prophylaxis was performed in 11 of 14
ED-NVP-exposed infants. Only one of the five SD-NVP-
exposed infants with resistance detected at high levels at age 6
months had repeat samples available for testing at 1 year of
age. Genotyping was successful in 10 of 12 (83.3%) follow-up

FIG. 1. Prevalence of nevirapine resistance by standard
population genotyping at age 6 months in extended and
single-dose nevirapine-exposed infants by timing of infec-
tion. ED-NVP, extended dose nevirapine; SD-NVP, single-
dose nevirapine.

Table 2. Types and Clonal Frequencies of Nevirapine Resistance Mutations

Prophylactic
regimen

Subject
ID

Age at which
HIV infection
first detected

Nevirapine resistance
mutations at age 6 months

(% clonal frequencies)

Follow-up of nevirapine
resistance mutations at age

12 months (% clonal frequencies)

ED-NVP 8 Birth Y181C (n/a) Y181C (99)
12 Birth Y181C (78)a Y181C/Y (28)
14 Birth Y181C (41) ns
50 Birth Y181C (n/a) ns
4 3 weeks Y188C (43) WT [V106A (5)]
1 6 weeks Y181C (100)a WT [Y181C (18)]
6 6 weeks K103N (100) K103N/K (75)

13 6 weeks Y181C (100) Y181C (100)
2 14 weeks Y188C (40) WT [K103N (3)]
7 14 weeks K103N (n/a) K103N (75)

11 14 weeks G190A (100) WT [G190A (6)]
15 14 weeks V106M (94) ns
38 14 weeks Y181C (100) ns
44 14 weeks G190A (100) ns

sdNVP 9 Birth Y181C/Y (74) Y181C/Y (14)b

27 Birth K103N/K (35) ns
41 Birth Y181C/Y (98) ns
51 6 weeks Y188C (100) ns
24 14 weeks G190A (100) ns

Resistance mutations detected at age 6 months by standard populations genotyping following extended- or single-dose nevirapine
prophylaxis.

aA second nevirapine resistance mutation was detected at 1.2% clonal frequency.
bTwo additional mutations were detected after cloning [K103N (9%) and V106A (2%)].
ED-NVP, up to 6 weeks of daily nevirapine; sdNVP, single-dose nevirapine; n/a, not available because only a short PCR product was

amplified or cloning was unsuccessful; ns, no sample.
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samples (9 of 11 from ED-NVP-exposed infants and the one
sample from the SD-NVP-exposed infant). Among the nine
ED-NVP-exposed infants with amplifiable genotypes, 56% (5/
9) still maintained nevirapine resistance to high frequencies,
which was almost exclusively with either Y181C (n¼ 3) or
K103N (n¼ 2) (Table 2). The one SD-NVP-exposed infant with
follow-up genotyping was infected in utero, and also had
Y181C persisting at 1 year of age (Table 2). In the four ED-NVP-
exposed infants in whom nevirapine-resistant virus was no
longer present at high levels, low-frequency nevirapine resis-
tance mutations remained detectable by cloning in all, and
were identical to those present at age 6 months in two (Table 2).

The effect of the persistence of nevirapine resistance mu-
tations at high frequencies through 6 months of age on viral
loads, CD4þ T cell counts, and survival through 1 year of age
was examined in infants exposed to either intervention. Viral
loads and CD4þ T cell counts at age 6 months were not dif-
ferent among surviving infants with and without nevirapine
resistance present at high frequencies. The median viral load
was 5.87 (IQR: 5.46, 6.0) log10 HIV-RNA copies/ml among
infants with nevirapine resistance and 5.87 (IQR: 5.8, 6.3) log10

HIV-RNA copies/ml for those without high-frequency ne-
virapine resistance, p¼ 0.44, and median CD4þ T cell counts
were 1449 (IQR: 470, 2000) and 1586 IQR: 654, 2625) cell/mm3,
respectively ( p¼ 0.64). Survival to 1 year of age was similar
for infants maintaining nevirapine resistance through 6
months of age at high frequencies compared to those without
this level of resistance [73% (11/15) vs.75% (9/12); p¼ 1.0).

Discussion

Recent studies in SD-NVP-exposed children have shown
that the prevalence of nevirapine resistance, assessed with
standard population genotyping and therefore present at high
frequencies, in those initiating highly active antiretroviral
therapy (HAART) at a median of 8.4 or 9 months of age is
between 12% and 19%, respectively,12,15 and has direct rele-
vance for use of nevirapine for treatment of infants.12,15 A
similar prevalence (14%) is also reported in SD-NVP-exposed
women studied at a median of 17 months following nevir-
apine exposure.14 In this study of subtype C HIV-infected
infants who received ED-NVP to prevent breastmilk HIV
transmission, nearly 60% still maintained nevirapine resis-
tance at high frequencies in blood through 6 months of age
and 36% through 1 year of age. These findings suggest that
daily doses of nevirapine not only results in selection of ne-
virapine resistance in almost all infants who become infected
despite the intervention,20,21 but may also prolong the decay
of these resistant variants in the first year of life.

Nevirapine-resistant virus selected during prophylaxis
and present at high frequencies at the start of nevirapine-
based HAART can compromise the virological response in
women13,14,28,29 and children.12,30 A substantial (83.3%) pro-
portion of SD-NVP-exposed children with resistance detected
by standard population genotyping experienced treatment
failure by 24 weeks on initial nevirapine-based HAART
compared with 18.2% treated with ritonavir-boosted lopina-
vir HAART. Even children who effectively controlled virus
replication with protease inhibitor-based therapy before re-
introduction to nevirapine-based HAART, those maintaining
nevirapine-resistant virus in plasma at high frequencies (25%
or higher) before starting HAART had a 3.5-fold higher risk of

virological failure with the switch to nevirapine-based thera-
py.31 In a recent study, we showed that the level (25% or more
of the virus population) at which nevirapine-resistant virus is
maintained in plasma following single-dose exposure in
children was directly correlated with the frequencies of longer-
lived cells with resistant virus.31 It is possible that the higher
prevalence of the persistence of high-frequency nevirapine re-
sistance we observed with ED-NVP prophylaxis in infants is
related to the generation of a higher frequency of HIV-infected
cells with nevirapine resistance than occurs with SD-NVP
prophylaxis. In this study, assessment of the burden of ar-
chived nevirapine resistance in long-lived cells was not feasible.

The decreasing frequency of nevirapine-resistant virus
from plasma within 12–36 months of SD-NVP prophylax-
is9,32–34 has clinical relevance for the timing of the reuse of
nevirapine for effective treatment in women13,14,28,29,34 and
infants.15 The mechanisms underlying the decay of nevirapine-
resistant virus from plasma within 1 year of drug exposure are
unclear but may reflect the turnover of HIV-infected cells with
nevirapine-resistant virus when drug selective pressure is
removed. These cells harboring nevirapine-resistant virus
are longer-lived but eventually most are cleared, but at a
slower rate than activated CD4þ T cells, which produce most
of the plasma virus.35 In women who received the SD-NVP
prophylactic regimen, replication-competent, nevirapine-
resistant proviral genomes were identified for up to 2 years
following drug exposure in a small proportion (8%), which
supports archiving of nevirapine-resistant variants occurs
following nevirapine prophylaxis.19

In this study, most SD- or ED-NVP-exposed children who
maintained nevirapine resistance through age 6 months at
levels that were detected by standard population genotyping
had a virus population that was nearly 100% nevirapine re-
sistant. However, even though 60% of infants with nevirapine
resistance at age 6 months still had nevirapine-resistant virus
at high frequencies by 1 year of age, wild-type virus became
detectable as a mixture with nevirapine-resistant virus in
most (80%), suggestive of the establishment of viral reservoirs
with wild-type virus.

This study has several limitations. The lack of genotyping
at earlier (age 6 weeks) and intermediate time points (age 9
months) would have provided for a more detailed analysis of
the kinetics of selection and decay of nevirapine-resistant
virus following SD- or ED-NVP prophylaxis in infants, but
these samples were not made available for testing. Never-
theless, given that nearly 90% of Ugandan and Indian infants
participating in the SWEN Trial who received the ED-NVP
and became infected developed nevirapine resistance to high
levels by 6 weeks of age, it is likely that most of the infants in
this study who received the ED-NVP also developed nevir-
apine resistance by age 6 weeks. In addition, analysis at 1 year
of age in the infants in this study who received ED-NVP al-
lows for comparisons with published studies on nevirapine
resistance persisting following SD-NVP exposure. An addi-
tional limitation is the lack of available samples in most of the
SD-NVP-exposed infants at 1 year of age. Furthermore, a
formal sample size assessment to detect a difference across the
various comparison groups was not performed for this study,
and there may have been some confounding effect from in-
fants with in utero transmission resulting in an underestimate
of the difference between those receiving ED-NVP and
SD-NVP; however, all available samples were tested.
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The dominant nevirapine resistance mutations selected
during single-dose nevirapine prophylaxis in women and
infants differ; the pathogenesis remains unclear.9 K103N is
more common in women and Y181C in infants.9 In our study,
Y181C remained the dominant mutation in infants who re-
ceived extended doses of nevirapine and even in those who
were infected in utero and had established infection at the time
of receipt of the extended prophylactic regimen. This limits
the potential for use of newer generations of nonnucleoside
reverse transcription inhibitors (NNRTIs) that are inactive
against HIV with the Y181C mutation. However, our findings
that infants infected after 6 weeks of age, and likely through
late breastmilk transmission, were more likely to have infec-
tion with resistant virus other than Y181C and K103N, as
reported in other studies,21,33,36 and that these mutations were
more likely to decay by 1 year suggest that for such children a
newer generation NNRTIs may be useful. Importantly, we
also found that a substantial proportion (38%) of infants
infected in utero who received single-dose nevirapine main-
tained nevirapine resistance at levels detected by standard
population sequencing at 6 months of age compared with 18%
of those infected between birth and 14 weeks of age; however,
this was not statistically different, but may be limited by the
small sample size. Together, these findings highlight differ-
ences in the pathogenesis of HIV infection based on timing of
infection in children37–39and emphasize the need to consider
timing of infection in the management of HIV-infected chil-
dren in resource-constrained settings by improving access to
HIV testing, including drug resistance testing.

In summary, given the relatively low cost and efficacy of
extended doses of nevirapine to prevent mother-to-child HIV
transmission (PMTCT), this prophylactic component of
PMTCT strategies is likely to increase. In children who be-
come infected despite extended doses of nevirapine, a sub-
stantial proportion is likely to maintain nevirapine resistance
through the first year of life at levels known to significantly
compromise therapy with nevirapine-based HAART, and
lead to early selection of multidrug-resistant virus that will
likely compromise long-term control of virus replication with
second-line regimens. Given that early HAART is lifesaving40

and is recommended for all HIV-infected infants,41 the in-
creased availability of non-NNRTI-containing first-line
HAART regimens will be required for minimizing early
treatment failure and the selection of additional drug resis-
tance mutations for the few children infected despite nevir-
apine prophylaxis.

Sequence Data

Nucleotide sequences were submitted to GenBank under
accession numbers JF333591–JF336571.
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