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Abstract

Nevirapine (NVP) is a potent non-nucleoside inhibitor of HIV-1 reverse
transcriptase. In 1999, the HIVNET 012 trial in Uganda demonstrated that a simple
regimen of NVP prophylaxis can dramatically reduce the rate of HIV-1 mother-to-
child transmission (MTCT). In the HIVNET 012 regimen, women received a single
dose of NVP in labor, and infants received a single dose of NVP within 72 h of
birth. The simplicity, efficacy, and low cost of the HIVNET 012 regimen are
attractive for prevention of MTCT in resource-poor settings. Plans are underway to
implement this regimen in several resource-poor countries. Single mutations in
HIV-1 RT can cause high level NVP-resistance and are likely to exist in most HIV-1
infected patients at low levels prior to antiretroviral drug exposure. This favors
emergence of NVP-resistant HIV-1 following NVP exposure. NVP-resistant HIV-1
has been shown to emerge in some women and infants following single dose NVP.
Emergence of NVP-resistant HIV-1 in this setting is more common among women
with high baseline viral loads and low baseline CD4 cell counts. The rate of NVP-
resistance in women receiving single dose NVP prophylaxis may also be
influenced by HIV-1 subtype. The NVP-resistant HIV-1 typically fades from
detection in women and infants over time. We review studies examining the
emergence and fading of NVP-resistant HIV-1 in women and infants who received
single dose NVP prophylaxis, and discuss the potential clinical relevance of NVP-
resistance in this setting.
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Introduction

HIV-1 mother-to-child transmission (MTCT) occurs
in 14-40% of pregnancies without intervention,
accounting for most cases of pediatric AIDS. Mil-
lions of infants have been infected with HIV-1 world-

wide. Potent combinations of antiretroviral drugs are
available to prevent HIV-1 MTCT. Unfortunately, cost
and other factors have limited the availability of anti-
retroviral prophylaxis in many countries. This is par-
ticularly true in developing countries, which shoul-
der the greatest burden of the HIV-1 epidemic.
Recent discovery of effective, less expensive regi-
mens for prevention of MTCT has brought new hope
for reducing the rate of HIV-1 MTCT around the
world.

There are 3 classes of antiretroviral drugs cur-
rently available for clinical use: protease inhibitors
(PIs), nucleoside and nucleotide reverse transcrip-
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tase (RT) inhibitors (NRTIs), and non-nucleoside RT
inhibitors (NNRTIs). The 3 licensed NNRTIs include
nevirapine (NVP), delavirdine (DLV), and efavirenz
(EFV). The pharmacologic properties of NVP sug-
gested that it might be effective in preventing MTCT
as a single dose regimen. NVP is rapidly absorbed
after oral administration, rapidly crosses the placen-
ta, and has a long half-life in pregnant women and
infants1,2. 

In 1999, the Ugandan HIVNET 012 trial compared
the efficacy of a single dose NVP regimen and a
short course of zidovudine (AZT) prophylaxis for
prevention of MTCT3,4. Women in the NVP arm
received a single 200 mg oral dose of NVP at the
onset of labor, and infants received a single 2 mg/kg
oral dose of NVP within 72 h of birth. Women in the
AZT arm received 600 mg AZT orally at onset of
labor, then 300 mg every 3 h until delivery and
infants received 4 mg/kg AZT orally twice daily for 7
days after birth. All of the women enrolled in HIVNET
012 were antiretroviral drug naïve, and none
received antiretroviral therapy after receiving AZT or
NVP prophylaxis, consistent with the standard of
care in Uganda. The estimated risk of transmission
at 14-16 weeks of age was 25.1% in the AZT group,
but only 13.1% in the NVP group. The NVP regimen
was 47% more effective than the AZT regimen and was
considerably less expensive. 

The simplicity, efficacy, and low cost of the
HIVNET 012 regimen are attractive for prevention of
MTCT in resource-poor settings. This regimen was
recently recommended by the World Health Organi-
zation as an option for prevention of MTCT5. Plans
are underway to implement the HIVNET 012 regi-
men in several resource-poor countries. In the Unit-
ed States (US), the regimen is also recommended
for prophylaxis in women who did not receive anti-
retroviral drugs during pregnancy6. If this regimen
were rapidly and widely implemented, it could pro-
tect millions of infants from HIV-1 infection in the
next decade.

Emergence of drug resistance
following single dose NVP

The potential impact of antiretroviral prophylaxis
on reducing the number of children infected with
HIV-1 should not be underestimated. However, a
concern to global health is that use of antiretroviral
drugs in this setting will increase the overall preva-
lence of drug resistant HIV-1. This is of particular
concern in resource-poor settings, where shorter,
1- or 2-drug prophylactic regimens are less likely to
fully suppress HIV-1 replication. Single mutations in
HIV-1 RT (e.g. K103N and Y181C) can cause high
level NVP-resistance and are likely to exist in most
patients at low levels prior to antiretroviral drug
exposure. In past years, when NVP was provided as
monotherapy for treatment of HIV-1 disease,
NVP-resistant HIV-1 was rapidly selected7. Below,
we review studies examining the emergence and
fading of NVP-resistant HIV-1 following single dose
NVP prophylaxis in the setting of MTCT. 

Background on HIV-1 subtypes

Most HIV-1 viruses can be categorized into sub-
types (clades) based on genetic differences. To
date, almost all of the information characterizing
HIV-1 drug resistance mutations and their effects on
drug susceptibility comes from studies of subtype
B, the most common subtype in the U.S. and
Europe8. However, the overwhelming majority of
HIV-1 infections worldwide are caused by other
subtypes. Research on drug resistance in cohorts
with non-subtype B HIV-1 is becoming increasingly
important for two reasons: 1) the prevalence of non-
subtype B is increasing in the U.S. and other
regions where antiretroviral drugs are widely used,
and 2) the availability and use of antiretroviral drugs
is growing throughout the world, where most infec-
tions are caused by non-B HIV-1. The single dose
NVP prophylaxis regimen is most likely to be intro-
duced into regions where non-B HIV-1 is prevalent.
In Uganda, where the HIVNET 012 trial was per-
formed, most HIV-1 infections are caused by sub-
types A and D9,10, although infection with other sub-
types (e.g. C, G, recombinant HIV-1) also occurs. 

NVP-resistance mutations

To date, NVP-resistance mutations have been
characterized almost exclusively in subtype B HIV-1.
Several mutations are associated with high-level
resistance (e.g. K103N, V106A, Y181C/I,
Y188C/H/L, G190A/S, M230L) while others are
associated with low-level resistance (e.g. A98G, L100I,
K101E, V108I, V179D); accessory mutations (e.g.
K101Q, V106I, P225H, Y318F) and mutations caus-
ing hypersusceptibility (e.g. P236L) have also been
described [Stanford HIV RT and protease
Sequence Database: http://hivdb.stanford.edu/cgi-
bin/NNRTIResiNote.cgi]. Deletion of RT codon 69
may also confer resistance11. In addition, amino
acid substitutions at positions 135 and 283 in HIV-1
RT confer resistance to NNRTIs, with up to 14-fold
range in mean susceptibility to NVP and DLV12. It is
not known whether the effects of these mutations
are the same or different in other HIV-1 subtypes.

NVP-resistance mutations in HIV-1
from Uganda

Most available studies of NVP-resistance follow-
ing single dose NVP prophylaxis were performed in
women and infants from Uganda (see below). To
interpret these studies, it is important to determine
whether mutations associated with NVP-resistance
can be detected in HIV-1 from Ugandan patients
prior to NVP administration. Available studies sug-
gest that NVP-resistance mutations are infrequent in
antiretroviral drug naïve adults from Uganda. Analy-
sis of 27 antiretroviral drug naïve Ugandan adults13,
and of nine women in HIVNET 012 prior to NVP
administration14, revealed no primary NVPR muta-
tions. Two other studies, one with 11 and one with
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14 antiretroviral drug naïve Ugandan adults, also
failed to find any primary drug resistance muta-
tions15,16. Interestingly, the 283I mutation was identi-
fied in 11/17 drug naïve Ugandan adults with sub-
type A and 2/10 Ugandan with subtype D13. The
combination of mutations, 135T and 283I, which
was associated with a significant decrease in
susceptibility to all three NNRTIs12, was present
in one patient in that cohort13. It is not known
whether those polymorphisms influence the nat-
ural susceptibility of HIV-1 to NVP or the probabil-
ity that NVP-resistance will arise following single
dose NVP prophylaxis. 

Emergence and fading of 
NVP-resistance in women following
single dose NVP 

Selection of NVP-resistance after single dose
NVP prophylaxis was first studied in the Ugandan
Phase I/II trial, HIVNET 006. In HIVNET 006, 21
women received the same single dose NVP regi-
men that was subsequently given to women in
HIVNET 0122. HIV-1 with the K103N NVP-resistance
mutation was detected in 3/15 (20%) women 6-8
weeks after delivery (6-8 weeks after NVP adminis-
tration)17. NVP pharmacokinetics were also studied
in HIVNET 006. Interestingly, women who had the
K103N mutation detected 6-8 weeks post NVP had
a longer median NVP elimination half-life,
decreased median oral NVP clearance, and
increased median area under the NVP concentra-
tion curve17. Those findings suggested that pro-
longed maternal exposure to NVP favored emer-
gence of HIV-1 variants with the K103N mutation. 

Selection NVP-resistance after single dose NVP
prophylaxis was further examined in the larger
cohort of women and infants enrolled in the Ugan-
dan HIVNET 012 trial described above14. In
HIVNET 012, NVP-resistance mutations were
detected in 21/111 (19%) of women 6-8 weeks
after NVP administration. Similar rates of resis-
tance were observed among women whose infants
were and were not infected. The NVP-resistance
mutations were not detected in baseline (pre-NVP)
samples, indicating that the NVP-resistant variants
were selected following NVP administration. In this
cohort, emergence of NVP-resistance was associ-
ated with a higher baseline viral load and lower
baseline CD4 cell count14. The NVP-resistant vari-
ants appeared to fade in women over time. By 12-
24 months after delivery, the NVP-resistance muta-
tions were no longer detectable.

Emergence and fading of 
NVP-resistance in infants following
single dose NVP 

In HIVNET 012, 37 infants were HIV-1 infected by
age 6-8 weeks, despite NVP prophylaxis. The
majority of those infants had evidence of HIV-1

infection at the time of birth. Among the 24 infants
who had samples available for analysis, NVP-resis-
tance mutations were detected in 11 (46%) of the
infants at 6-8 weeks of age14. The NVP-resistance
mutations were not detected in pre-NVP (birth) sam-
ples from the infants. The NVP-resistance mutations
also faded from detection in infants over time. In
many cases, the NVP-resistance mutations were no
longer detectable by 14-16 weeks of age. 

Ninety-eight percent of women in HIVNET 012
breastfed their infants. NVP-resistance was also
examined in infants who were diagnosed with
HIV-1 infection after age 6-8 weeks, who were pre-
sumably infected with HIV-1 through breast-feed-
ing14. Only 1 of 9 infants with late HIV-1 infection had
evidence of NVP-resistance. 

Comparison of NVP-resistance
mutations in HIV-infected infants
and their mothers 

Interestingly, different patterns of NVP-resis-
tance mutations were detected in women and
infants in HIVNET 012 6-8 weeks after NVP admin-
istration. In women, the most common mutation
was K103N; in infants it was Y181C (Table 1)14,18.
Furthermore, in each case where both the mother
and infant had NVP-resistance 6-8 weeks after
delivery, the pattern of NVP-resistance mutations
was different14. The mechanisms responsible for
emergence of different patterns of NVP-resistance
mutations in women vs. infants are not known. Fac-
tors such as viral load, the level of NVP exposure,
and the prevalence of pre-existing variants with
NVP-resistance mutations may be important.

The emergence of variants with K103N vs Y181C
is relevant for two reasons: In subtype B, 1) the level of
NVPR is typically higher for variants with Y181C vs
K103N19, and 2) variants with K103N are cross-
resistant to both of the other licensed NNRTIs, DLV
and EFV, whereas variants with Y181C are cross-
resistant to DLV, but retain susceptibility to EFV19.
This issue of cross-resistance has not been
explored in other subtypes. It will be important to
evaluate the cross-resistance of non-subtype B
variants with K103N or Y181C to DLV and EFV,
since this information could theoretically be used to
select drugs for treatment of women and infants
with non-subtype B who develop NVPR following
NVP prophylaxis. Caution is warranted, however, since
two recent studies in subtype B suggest that patients
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Table 1. Comparison of the frequency of K103N and
Y181C NVP-resistance mutations in women vs infants
6-8 weeks following single dose NVP prophylaxis in
HIVNET 012

Women Infants
K103N* 16/18 (89%) 2/11 (18%)
Y181C* 6/18 (33%) 9/11 (82%)

*alone or in combination with other mutations
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who have failed NVP may not respond clinically to EFV,
even if Y181C is the only mutation detected20,21.

Emergence and fading of 
NVP-resistance following single
dose NVP in women with different
HIV-1 subtypes

The HIVNET 012 offered a unique opportunity to
examine the impact of subtype on emergence of anti-
retroviral drug resistance for several reasons: 1) most
women in Uganda have either subtype A or D HIV-1
infection, allowing a comparison of drug resistance in
these two subtypes in a single cohort; 2) all women in
the trial were antiretroviral drug naïve prior to NVP
administration; 3) all women in the trial received the
same single dose NVP regimen; 4) plasma samples
were collected from all women at defined time points
following NVP administration which were available for
genotypic analysis of HIV-1, and 5) a large data base
of clinical and laboratory data was available for this
cohort, allowing examination of co-variates such as
baseline viral load and baseline CD4 cell count that
may influence emergence of drug resistance. 

In HIVNET 012, a higher proportion of women
with subtype D developed NVP-resistance com-
pared to women with subtype A22. Similar NVP-resis-
tance mutations were detected in women with these
two subtypes. The difference in the rates of NVP-
resistance in women with subtype A vs D did not
appear to reflect a difference in the stage of dis-
ease, since the baseline viral loads and baseline
CD4 cell counts were similar in the two groups22. 

The finding of a higher rate of NVP-resistance in
women with subtype D 6-8 weeks after single dose
NVP prophylaxis could reflect more frequent selec-
tion of NVP-resistant variants, or more sustained cir-
culation of those variants in women following delivery.
Further studies are needed to evaluate the relative
fitness of subtype A vs D with NVP-resistance muta-
tions, and to compare the kinetics of emerging and
fading of those variants in women receiving NVP
prophylaxis. 

Emergence of NVP-resistance after single dose
NVP prophylaxis was also examined in HIVNET 023,
a Phase I/II trial performed in South Africa and Zim-
babwe where subtype C predominates23. Women
received the same NVP regimen as in HIVNET 012.
HIV genotyping was performed for 30 women from
HIVNET 023 with subtype C HIV-1 using samples
collected 8 weeks after delivery (8 weeks after sin-
gle dose NVP). Data from HIVNET 023 was com-
bined with data from HIVNET 012 (including 48
women with subtype A, 37 women with subtype D,
and 6 women with subtype C) for analysis, recog-
nizing the limitation that different resistance assays
were used for genotyping in the two trials. In this
analysis, NVP-resistance mutations were detected
in 10/36 (28%) of women with subtype C, which was
similar to the rate of NVP-resistance seen in subtype
D (11/37 = 30%) and higher than that seen in sub-
type A (6/48 = 13%)23.

The HIVNET 012 NVP prophylaxis regimen is
being implemented in countries around the world. If
results from these exploratory studies are con-
firmed, they would suggest that the rate of NVP-
resistance may vary among women receiving this
regimen, depending on which subtypes are preva-
lent in a particular geographical region.

Clinical relevance of NVP-resistance
following single dose NVP
prophylaxis

The studies described above demonstrate that
NVP-resistant HIV-1 can emerge in women and
infants following single dose NVP prophylaxis.
Emergence of NVP-resistant HIV-1 in this setting is
not unexpected, and most likely reflects selection of
pre-existing variants with NVP-resistance mutations.
Previous studies suggest that HIV-1 variants with
single drug resistance mutations are likely to exist at
low levels in all HIV-infected patients prior to anti-
retroviral drug exposure7,24. NVP can rapidly inhibit
replication of NVP sensitive viruses, permitting
selection of NVP-resistant variants. The long half-life
of NVP favors emergence of NVP-resistance. Most
women in HIVNET 012 had relatively high viral loads
and relatively low CD4 cell counts14. Since both
of those factors were associated with emergence of
NVP-resistance, women with less advanced HIV-1
disease may be less likely to develop NVP-resis-
tance with this regimen. In settings where highly
active antiretroviral therapy is available, initiation of
fully suppressive antiretroviral therapy following
NVP prophylaxis would most likely limit the emer-
gence of NVP-resistant HIV-1.

It is not known whether emergence of NVP-resis-
tant HIV-1 after single dose NVP prophylaxis will
affect the efficacy of NVP prophylaxis in subsequent
pregnancies. Available data suggests that NVP-
resistance fades in women over time. Even though
HIV-1 variants with NVP-resistance mutation may be
maintained as minor variants, or as provirus in
infected cells, the majority population of circulating
HIV-1 12-24 months following NVP prophylaxis is
likely to be NVP sensitive. This suggests that single
dose NVP would remain effective for prophylaxis in
subsequent pregnancies. Epidemiologic studies
could be considered to examine the effectiveness
of single dose NVP prophylaxis in future pregnan-
cies. It is also not clear whether emergence of NVP-
resistance following single dose NVP would limit
use of NVP or other NNRTIs for subsequent treat-
ment of HIV-1 infection. Clinical studies are needed
to determine whether a sufficient reservoir of NVP-
resistant virus is established in this setting to limit
subsequent treatment options. In resource-poor
countries where single dose NVP prophylaxis is
most likely to be implemented, resources for treat-
ment of HIV-1 infection are extremely limited. If anti-
retroviral treatment became more widely available
in those countries, women and infants who received
NVP prophylaxis could be offered treatment regi-
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mens using other antiretroviral drugs. There is no
evidence that transient detection of NVP-resistance
after single dose NVP will affect the clinical progression
of HIV-1 infection, or the risk of HIV-1 transmis-
sion HIV-1 to other adults. The studies described
above found little evidence of mother-to-child trans-
mission of NVP-resistant HIV-1 through breastfeed-
ing. However, this requires further evaluation. 

The relatively frequent emergence of NVP-resis-
tance following single dose NVP prophylaxis
emphasizes the need to evaluate the emergence of
drug resistance among women receiving antiretro-
viral prophylaxis, particularly when regimens use
antiretroviral drugs, such as NVP or lamivudine
(3TC), in which a single mutation can confer resis-
tance. The emergence of NVP-resistance must be
balanced against the simplicity, efficacy, and cost-
effectiveness of single dose NVP prophylaxis. The
HIVNET 012 has been shown to significantly reduce
HIV-1 MTCT in settings where other antiretroviral
regimens are impractical, and where treatment
options are limited. If rapidly implemented, this reg-
imen has the potential to protect millions of infants
from HIV-1 infection in the next decade.
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