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Abstract

Resistance-associated mutations (RAMs) in plasma samples from HIV-1-infected women who received anti-
retroviral (ARV) prophylaxis during pregnancy was assessed and correlated with the detection of RAMs in pe-
ripheral blood mononuclear cells (PMBCs). The study population was composed of HIV-1-infected women en-
rolled in a prospective cohort study in Latin America and the Caribbean (NISDI Perinatal Study) as of March
1, 2005, who were diagnosed with HIV-1 infection during the current pregnancy, who received ARVs during
pregnancy for prevention of mother-to-child transmission of HIV-1, and who were followed through at least
the 6–12 week postpartum visit. Plasma samples collected at enrollment during pregnancy and at 6–12 weeks
postpartum were assayed for RAMs. Plasma results were compared to previously described PBMC results from
the same study population. Of 819 enrolled subjects, 197 met the eligibility criteria. Nucleic acid amplification
was accomplished in 123 plasma samples at enrollment or 6–12 weeks postpartum, and RAMs were detected
in 22 (17.9%; 95%CI: 11.7–25.9%). Previous analyses had demonstrated detection of RAMs in PBMCs in 19
(16.1%). There was high concordance between RAMs detected in plasma and PBMC samples, with only eight
discordant pairs. The prevalence of RAMs among these pregnant, HIV-1-infected women is high (�15%). Rates
of detection of RAMs in plasma and PBMC samples were similar.
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Introduction

ONE OF THE MOST SUCCESSFUL STRATEGIES to prevent trans-
mission of HIV-1 is the prevention of mother-to-child

transmission (MTCT) through the use of antiretrovirals
(ARVs). ARV prophylaxis of MTCT of HIV-1 has proven ef-
ficacy,1–3 and has become a routine part of the management
of HIV-1-infected women in many countries.4,5 However, the
increase in the prevalence of HIV-1 resistance to ARVs and
the transmission of this resistance to new hosts could limit
the clinical effectiveness of both ARV prophylaxis, during
the index and future pregnancies, and future ARV therapy.6

Resistance testing is usually performed with plasma spec-

imens to detect resistance-associated mutations (RAMs) in
circulating viruses. However, the presence of archived
RAMs in proviral DNA from peripheral blood mononuclear
cells (PBMCs) also has been proposed.7

We previously described RAMs detected in PBMC sam-
ples8 from HIV-1-infected women receiving ARVs for pre-
vention of MTCT who were enrolled in the National Insti-
tute of Child Health and Human Development (NICHD)
International Site Development Initiative (NISDI) Perinatal
Study at multiple sites in Latin America and the Caribbean.9

In this analysis, we describe RAMs detected in plasma sam-
ples from these women, and compare these results to those
obtained from PBMC samples in the same study population.8
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Materials and Methods

NISDI perinatal protocol

The NISDI Perinatal Study is a prospective cohort study
being conducted in Latin American and Caribbean coun-
tries.9 Enrollment began in September 2002 and is ongoing.
Maternal study visits are conducted during pregnancy, at
delivery, at hospital discharge following delivery, and at
6–12 weeks and 6 months postpartum. During each of these
study visits, a medical history is obtained, a physical exam-
ination is conducted, and laboratory samples are obtained
(except at the delivery and the 6 month postpartum visits).
Therefore, clinical, immunologic, and virologic characteris-
tics of the women are assessed during pregnancy, at the time
of hospital discharge following delivery, and at the 6–12
week postpartum visit. Signed informed consent is obtained
for all subjects prior to enrollment into the study. The pro-
tocol was approved by the ethical review board at each clin-
ical site where subjects were enrolled, as well as by institu-
tional review boards at the sponsoring institution (NICHD)
and at the data management center (Westat).

Definitions and study population for this analysis

Subjects enrolled in the NISDI Perinatal Study were clas-
sified as having received ARV prophylaxis if they were not
receiving ARVs when they became pregnant, but then initi-
ated one or more ARV drugs during pregnancy and discon-
tinued these drugs at or before the 6–12 week postpartum
visit. Conversely, women were classified as receiving ARV
treatment if they initiated ARVs prior to the index pregnancy
and/or continued ARV drugs after the 6–12 week postpar-
tum visit. The most complex ARV regimen received during
pregnancy for 28 days or more was categorized as follows:
none, one nucleoside/nucleotide analogue reverse tran-
scriptase inhibitor (NRTI) only; two NRTIs, two NRTIs with
one nonnucleoside reverse transcriptase inhibitor (NNRTI);
two NRTIs with one protease inhibitor (PI); or other. The in-
clusion criteria for this analysis were enrollment in the NISDI
Perinatal Study as of March 1, 2005, known to have been di-
agnosed with HIV-1 infection during the current pregnancy,
received ARV prophylaxis during pregnancy, and were fol-
lowed through at least the 6–12 week postpartum visit.

Laboratory analyses

All available plasma samples collected at baseline and/or
at 6–12 weeks postpartum for subjects eligible for inclusion
in these analyses were assayed for the presence of RAMs.
Plasma samples were assayed with the ViroSeq HIV-1 geno-
typing system v 2.6, Celera Diagnostics, at the Molecular Vi-
rology Laboratory of the Instituto Nacional de Ciencias
Médicas y Nutricion Salvador Zubiran in México City, ac-
cording to the manufacturer’s specifications.

The identification of RAMs was based on recommenda-
tions from the International AIDS Society-USA (IAS-USA)
Drug Resistance Mutations Group, a panel of experts focused
on identifying key HIV-1 drug resistance mutations.10 Only
those RAMs described as major mutations were assessed in
this analysis.

Statistical analysis

Genotypic resistance was assessed at baseline and at the
6–12 week postpartum visit, with the number and percent-

age of subjects with RAMs identified singly or in combina-
tion reported overall and according to subject characteristics.
The association of RAMs with subject characteristics was
evaluated using the Fisher–Freeman–Halton11exact test. Be-
cause the number of RAMs detected was relatively small,
there was no attempt to model the risk of RAMs as a func-
tion of subject characteristics. The kappa statistic, an index
that compares the observed agreement against that expected
by chance, was used to compare results obtained from
PBMCs to plasma specimens.12 Kappa takes on a value of
�1 if there is perfect agreement, with values below 0 indi-
cating observed agreement is less than chance agreement; a
value of 0 indicates no agreement above that expected by
chance alone.

Results

Study population

Of 819 women enrolled in the NISDI Perinatal Study at
clinical sites in Argentina, the Bahamas, Brazil, and Mexico
as of March 1, 2005, 197 met inclusion criteria for this anal-
ysis. Forty-three (21.7%) were not receiving ARVs at the time
of enrollment and 154 (78.3%) initiated ARVs during the cur-
rent pregnancy, before enrollment into the study. Among
those who were ARV-exposed at enrollment, the median du-
ration of receipt of ARVs (from the date of initiation of ARVs
through the date of enrollment into the study) was 7.1
weeks.

Characteristics of the study population, overall and ac-
cording to the timing of initiation of ARVs, have been de-
scribed previously.9 Briefly, 62% had plasma HIV-1 RNA
concentrations below 1000 copies/ml at enrollment. By 6–12
weeks postpartum, 27% had plasma viral loads �1000
copies/ml. Most (53%) had CD4� counts �500 cells/mm3

at enrollment compared to 64% at 6–12 weeks. A majority
(81%) of the women received a three-drug combination ARV
regimen during pregnancy (two NRTIs � one PI, or two
NRTIs � one NNRTI), and most (76%) received only one
ARV regimen during pregnancy. Women received ARVs for
a mean of 4.2 days following delivery (standard deviation �
8.7 days). The range of duration of receipt of ARVs follow-
ing delivery was 0–47 days.

RAMs in plasma samples

Among the 197 eligible subjects, plasma samples were
available at enrollment from 191 and at 6–12 weeks post-
partum from 186 (Table 1). Samples from 74 subjects could
not be amplified from plasma at either time point (136 at en-
rollment and 89 at 6–12 weeks postpartum) and, among the
74, most (83%, 60/74) had plasma viral load values at en-
rollment below 1000 copies/ml. The association between vi-
ral load and whether or not resistance testing could be
performed was statistically significant (p � 0.0001) (data not
shown). Of the 123 plasma samples where amplification was
possible at either time point, RAMs were observed in 22
[17.9%; 95% confidence interval (CI) 11.7–25.9%] subjects
[seven (12.7%; 95% CI 5.2–24.6%) at enrollment and 16
(16.5%; 95% CI 9.8–25.5%) at 6–12 weeks postpartum] (Ta-
ble 1).

Table 2 shows the specific RAMS detected in plasma spec-
imens at enrollment and at 6–12 weeks postpartum. The most
common mutations found were K70R, M184V, K103N, and
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M46I. Table 3 describes individual subjects with RAMs iden-
tified at enrollment and/or at 6–12 weeks postpartum in
plasma or PBMC specimens. Information is provided for
each subject regarding ARV regimens received during preg-
nancy, CD4� and viral load testing, and RAMs in plasma
and in PBMCs. Of the 16 subjects with RAMs detected in
plasma samples at 6–12 weeks postpartum, only one (Sub-
ject 14) had a plasma sample from enrollment that could be
amplified. In this subject, the same RAMs were detected at
each of the two time points.

RAMs and clinical characteristics

The occurrence of RAMs was not associated with clinical
or immunological disease stage, or with plasma viral load,
at either time point (p � 0.1). The occurrence of RAMs var-
ied according to ARV regimen [no ARVs, 0/10 (0%) had
RAMs detected; one NRTI only, 2/15 (13.3%); two NRTIs,

5/15 (33.3%); two NRTIs with one NNRTI, 8/31 (25.8%); two
NRTIs with one PI, 7/52 (13.5%)], but the association be-
tween ARV regimen and RAMs was not statistically signif-
icant (p � 0.15).

Comparison of RAMS from plasma versus PBMC samples

RAMs were observed in PBMC samples from 19 of 198 el-
igible subjects (16.1%) at either enrollment or 6–12 weeks
postpartum, from 11 (14.5%) subjects at enrollment, and from
14 subjects (14.4%) at 6–12 weeks postpartum8 (Table 3). Of
25 samples with successful amplification in both plasma and
PBMCs at enrollment, 23 sample pairs were concordant (21
without RAMs and 2 with RAMs) while 2 were discordant
(one with RAMs in plasma only and one with RAMs in
PBMCs only) (kappa � 0.62; 95% CI: 0.23–1.00) (Table 4). At
6–12 weeks postpartum, 57 samples could be amplified in
both plasma and PBMC specimens; 51 sample pairs were
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TABLE 1. DRUG RESISTANCE-ASSOCIATED MUTATIONS IN PLASMA

SPECIMENS ACCORDING TO STUDY VISIT (N � 198)

Subjects

6–12 weeks
Samples and RAMs Enrollment postpartum Either time point

Available samples 191 186 197
Could not be amplified 136 89 74
Could be amplified 55 97 123
RAMs detected: n (%) 7 (12.7)a 16 (16.5) 22 (17.9)

(95% CI) (5.2–24.6) (9.8–25.5) (11.7–25.9)
RAMs not detected: n (%) 48 (87.3)b 81 (83.5) 101 (82.1)

aThree specimens obtained before receipt of ARVs, four after initiating ARVs.
bTwenty-one specimens obtained before ARVs, 27 after initiating ARVs.

TABLE 2. RESISTANCE-ASSOCIATED MUTATIONS BY GENE

LOCATION AND STUDY VISIT FOR PLASMA SPECIMENS

Patients with RAMs, n (%)

Enrollment 6–12 weeks
Resistance-associated mutation (N � 55) (N � 97)

Reverse transcriptase
M184V 1 (1.8) 5 (5.2)
M41L 1 (1.8) 2 (2.1)
D67N 0 1 (1.0)
K70R 2 (3.6) 5 (5.2)
L210W 1 (1.8) 0 
K219Q 0 1 (1.0)
V75I 0 0 
K103N 1 (1.8) 3 (3.1)
V118I 2 (3.6) 1 (1.0)
G190A 0 0 
E44D 1 (1.8) 0 
V118I 1 (1.8) 0 
V179D 0 2 (2.1)

Protease
D30N 1 (1.8) 1 (1.0)
L33F 0 0 
M46I 2 (3.6) 1 (1.0)
V82A 0 1 (1.0)
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concordant (47 without RAMs and 4 with RAMs) while 
six were discordant (four with RAMs in plasma only and
two with RAMs in PBMCs only) (kappa � 0.51; 95% CI:
0.26–0.77) (Table 4).

Discussion

Among a population of HIV-1-infected mothers from four
Latin American and Caribbean countries who received ARVs
during pregnancy for MTCT prophylaxis, RAMs were de-
tected in 17.9% of plasma samples at either enrollment (an-
tepartum) or postpartum. The frequency of detection of
M184V was 1.8% at enrollment and 5.2% at 6–12 weeks post-
partum, and of K103N was 1.8% at enrollment and 3.1% at
6–12 weeks postpartum. These frequencies could be under-
estimates, since the subjects discontinued their ARV regi-
mens by the time of the 6–12 week visit (some discontinued
ARVs shortly after delivery), and the resistance assays would
not be able to detect those RAMs, as some disappear quickly
and/or some are not detected by genotypic resistance assays
that have poor sensitivity for RAMs present in less than 25%
of the prevailing viral population.13

Of seven subjects with RAMs at enrollment, four had al-
ready received ARVs during pregnancy but before enrollment
(albeit only for a median duration of 7 weeks). Three of the
seven women had not received ARVs prior to enrollment, and
thus the RAMs detected in these women’s samples represent
transmitted resistance. RAMs were detected among 16 plasma
samples at 6–12 weeks postpartum, but, of these 16 samples,
the enrollment plasma sample was able to be amplified in only
one of the 16 (and the RAMs detected at 6–12 weeks were the
same as those detected at enrollment). Thus, although the pro-
portion of the study population with RAMs could be deter-
mined, it is not possible to assess development of resistance
mutations in relation to ARV prophylaxis regimens received
by the women in this cohort. However, possible risk factors
for the development of resistance, such as viral load, CD4
count, and clinical stage, did not differ between subjects with
and without RAMs in our study population. Poor adherence
may lead to subtherapeutic levels of ARVs, thereby increas-
ing the risk for development of drug resistance mutations. Al-
though adherence currently is not assessed in the NISDI Peri-
natal Study, the protocol is being revised to incorporate
assessments of adherence.

ARV resistance among HIV-1-infected women receiving

ARVs for prevention of MTCT of HIV-1 has been described
previously, including women receiving a two-drug regimen
(zidovudine/lamivudine)14–16 and women receiving three-
drug regimens.17 The latter report is most comparable to our
study, in which 81% of women received a three-drug regi-
men. The overall proportion of RAMs detected in our study
is not statistically significantly different from that described
by Lyons et al.,17 in which RAMs were detected in 13% of 39
samples obtained postpartum (none was detected prior to
receipt of ARVs).

There is limited information available regarding genotypic
resistance testing in PBMCs. It is known that PBMC samples
could offer information about archived mutations, while
plasma samples provide information on replicating viruses.
Plasma samples are recommended for decision making in
the clinical care setting,7,18,19 although PBMC samples are ac-
ceptable when plasma viral loads are low in extensively
treated patients. Recently Bon et al.20 described 31 ARV-naive
patients whose plasma and PBMC specimens were tested for
transmitted resistance. They found that RAMs in the reverse
transcriptase were found more frequently in PBMCs and that
primary protease mutations were found only in PBMCs,
suggesting that the detection of archived mutations could be
better for the study of transmitted resistance.

A strength of this analysis is the large size of the study co-
hort. However, since most of the women received a three-drug
ARV regimen, viral loads were relatively low in this popula-
tion, limiting the number of samples that could be amplified.

Our results indicate genotypic resistance among women
receiving ARVs for prophylaxis of MTCT of HIV-1 occurs at
a rate similar to or even higher than that reported in other
studies. The association of resistance to ARVs given for
MTCT prophylaxis on subsequent disease progression and
response to future ARV treatment should be evaluated, as
this information is very limited.21
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