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Abstract
OBJECTIVE—Single-dose nevirapine (sdNVP) can reduce the risk of HIV vertical transmission.
We assessed risk factors for NVP resistance in plasma and breast milk from sdNVP-exposed
Ugandan women.

METHODS—Samples were analyzed using the Roche AMPLICOR HIV-1 Monitor Test Kit,
v1.5, and the ViroSeq HIV-1 Genotyping System. NVP concentrations were determined by liquid
chromatography with tandem mass spectroscopy.

RESULTS—HIV genotypes (plasma and breast milk) were obtained for 30 women 4 weeks after
sdNVP (HIV subtypes: 15A, 1C, 12D, 2 recombinant). NVP resistance was detected in 12 (40%)
of 30 breast milk samples. There was a non-significant trend between detection of NVP resistance
in breast milk and plasma (p=0.06). There was no association of HIV resistance in breast milk
with median maternal pre-NVP viral load or CD4 cell count, median breast milk viral load at 4
weeks, breast milk sodium >10 mmol/L, HIV subtype, or concentration of NVP in breast milk or
plasma.

CONCLUSIONS—NVP resistance was frequently detected in breast milk 4 weeks after sdNVP
exposure. In this study, we were unable to identify specific factors associated with breast milk
NVP resistance.

Address correspondence and reprint requests to: Susan H. Eshleman, MD/PhD, Professor, Pathology, Director, HIV Genotyping
Laboratory, The Johns Hopkins Medical Institutions, Ross Building 646, 720 Rutland Ave., Baltimore, MD 21205, (410) 614-4734
(phone) - (410) 502-9244 (fax) - seshlem@jhmi.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Disclaimer: The findings and conclusions in this article are those of the authors and do not necessarily represent the views of the U.S.
Centers for Disease Control and Prevention. Use of trade names is for identification purposes only and does not constitute
endorsement by the U.S. Centers for Disease Control and Prevention or the Department of Health and Human Services.
Conflicts of Interest: None of the authors has financial, consultant, institutional or other relationships that might lead to a bias or
conflict of interest.

NIH Public Access
Author Manuscript
AIDS. Author manuscript; available in PMC 2011 March 28.

Published in final edited form as:
AIDS. 2010 February 20; 24(4): 557–561. doi:10.1097/QAD.0b013e3283346e60.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
nevirapine; HIV-1; breast milk; Uganda; vertical transmission; nevirapine resistance

INTRODUCTION
Many HIV-infected women have detectable nevirapine (NVP) resistance after receiving
single-dose nevirapine (sdNVP) for prevention of mother-to-infant HIV transmission
(MTCT) [1]. Emergence of NVP resistance in maternal plasma after sdNVP is associated
with high maternal pre-NVP plasma viral load, low maternal pre-NVP CD4 cell count, HIV
subtype (C>D>A), and pharmacokinetic factors associated with NVP exposure (e.g.
decreased oral clearance) [1].

NVP is transferred to breast milk after sdNVP exposure [2–4], and transmission of NVP-
resistant HIV to infants by breast-feeding has been documented [5,6]. In Zimbabwean
women with subtype C HIV infection, NVP resistance was detected in breast milk from 13
(65%) of 20 women 8 weeks after sdNVP administration [7,8]; resistance test results could
not be obtained for 12 other women, most of whom had undetectable breast milk HIV RNA.
Factors associated with emergence and persistence of NVP resistance in breast milk have
not been described.

In Uganda, most HIV infections are caused by subtypes A and D. The risk of developing
NVP resistance in plasma HIV after sdNVP is lower in women infected with subtype A and
D HIV, than in women infected with subtype C HIV [9]. We analyzed NVP resistance in
breast milk from Ugandan women following sdNVP administration.

MATERIALS AND METHODS
Source of samples

Breast milk and plasma samples were obtained from HIV-infected women enrolled in an
observational study in Kampala, Uganda (“Pathophysiology of Breast Milk”, 2003–2004).
Women received sdNVP according to national treatment guidelines; none of the women
received any other antiretroviral drugs, consistent with the standard of care in Uganda at the
time of the study. We tested samples from 51 women; this included all available samples
from women whose infants were HIV-infected by 6 weeks of age (n=17), and twice as many
samples from women whose infants were HIV-uninfected at 6 weeks of age (n=34).

Preparation of breast milk supernatants
Breast milk was stored at room temperature and processed within 30 hours of collection.
Breast milk supernatants were prepared as follows: breast milk was centrifuged at 300 g for
15 minutes, the upper lipid layer was discarded, and the supernatant was removed from the
cell pellet and transferred to a separate tube. This process was repeated 3–5 times to ensure
that removal of lipids was complete. Supernatant samples were stored at −70°C.

HIV viral load and CD4 cell count determination
Plasma HIV viral loads were measured using the Roche AMPLICOR Monitor test kit v1.5
(Branchburg, NJ, lower limit of detection: 400 copies/ml). HIV RNA was extracted from
breast milk supernatant using the Boom method [10], and was measured using the Roche
AMPLICOR Ultrasensitive Monitor test kit (lower limit of detection: 50 copies/ml) [10].
CD4 cell counts were measured using a FACS Calibur flow cytometer.
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HIV genotyping and subtyping
HIV genotyping was performed using the ViroSeq™ HIV-1 Genotyping System v2.7
(Celera, Alameda, CA); a nested PCR procedure was used to amplify breast milk samples
with <500 copies/ml HIV RNA [11,12]. HIV subtypes were determined by phylogenetic
analysis of pol region, as described [13].

Analysis of NVP
Plasma and breast milk NVP concentrations were determined using a liquid chromatography
tandem mass spectroscopy assay. The lower limit of quantification was 10 ng/ml.

Statistical methods
Statistical analyses consisted of computation of medians and proportions. Owing to the
small sample size, statistical significance for comparison of proportions and medians was
tested using Fisher’s Exact test and the Wilcoxon test, respectively. All statistical tests were
done using the R Software [14], against a two-sided 0.05 alpha significance level. For
statistical analysis, plasma viral loads <400 copies/ml were assigned a value of 200 copies/
ml, plasma viral loads >750,000 were assigned a value of 750,000 copies/ml, and breast
milk viral loads <50 copies/ml were assigned a value of 25 copies/ml.

Ethical considerations
Written informed consent was obtained from all women for participation in the
Pathophysiology of Breast Feeding study. The study was approved by the National AIDS
Research Committee and the Uganda National Center for Science and Technology in
Uganda, by the Western Institutional Review Board for Johns Hopkins University, and by
the U.S. Centers for Disease Control and Prevention in Atlanta, GA.

GenBank accession numbers
The GenBank accession numbers for 30 breast milk and 30 plasma HIV sequences are:
GU059279-GU059338.

RESULTS
We analyzed breast milk samples collected from 51 Ugandan women 4 weeks after sdNVP
administration. Genotyping results were obtained for all 10 breast milk samples with viral
loads > 500 copies/ml using standard genotyping procedures (median: 1,208, range 503–
8,509 copies/ml), and for 21 (51.2%) of 41 samples with viral loads <500 copies/ml using a
nested PCR procedure (median: 25, range 25–200 copies/ml). Overall results were obtained
for 31 (60.8%) of the 51 breast milk samples. HIV genotyping results were also obtained for
plasma from these 31 women. Results from one woman were excluded because of a possible
sample mix-up. The final data set used for analysis included results from 30 paired maternal
plasma and breast milk samples (HIV subtypes: 15A, 1C, 12D, 2 intersubtype recombinant).

Twelve (40%) of 30 breast milk samples had at least one NVP resistance mutation; three of
those samples had more than one mutation (Table 1). The most common mutations detected
were K103N and Y181C. NVP resistance in breast milk was not associated with HIV
transmission; NVP resistance was identified in breast milk from 4/11 (36.4%) transmitters
vs. 8/19 (42.1%) non-transmitters (p=1.0). Among breast milk samples with NVP resistance,
the median number of mutations detected was higher for the 11 women who transmitted
HIV to their infants (2.0) than for the 19 women whose infants were HIV-uninfected (1.0);
however, this difference was not statistically significant (p=0.18).
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Among the 30 women, five had NVP resistance mutations detected in plasma only, four had
NVP resistance mutations detected in breast milk only, eight had NVP resistance mutations
detected in both samples, and 13 did not have NVP resistance mutations detected in either
sample. Five of the eight women who had NVP resistance mutations detected in both plasma
and breast milk had different mutations detected in the two samples (Table 1).

We examined persistence of NVP resistance in the 12 women who had NVP resistance
detected in breast milk at 4 weeks post-partum (Table 1). Eleven of those women had a 10-
week sample available for testing; one sample failed to amplify, leaving 10 follow-up
samples with genotyping results. NVP resistance mutations were still detected in four of the
10 women by 10 weeks post-partum. The six women who did not have NVP resistance in
breast milk at 10 weeks had only one NVP resistance mutation detected at 4 weeks. In
contrast, among the four women who still had NVP resistance mutations detected at 10
weeks, three had multiple NVP resistance mutations detected at the earlier time point.
Among the four women who had NVP resistance detected in breast milk at 10 weeks, the
number of mutations detected at 10 weeks was lower than the number of mutations detected
at 4 weeks; in three of the four cases, only K103N was detected in the 10-week sample.

We analyzed the association of breast milk resistance at 4 weeks with clinical and laboratory
factors (Table 2). NVP resistance was detected in plasma more frequently among women
who had NVP resistance detected in breast milk, but the association was not statistically
significant (p=0.06, Table 2). We found no significant association of breast milk resistance
with median maternal pre-NVP viral load, maternal pre-NVP CD4 cell count, median breast
milk viral load at 4 weeks, median pre-NVP white blood cell count, or breast milk sodium
>10 mmol/Lat 1 or 4 weeks; none of the 30 women had clinical mastitis. Detection of NVP
resistance in breast milk was not associated with HIV subtype.

We also measured NVP concentrations in plasma and breast milk. At 1 week post-partum,
NVP was detected (>10 ng/ml) in all 29 evaluable plasma samples and in 28 (96.6%) of 29
evaluable breast milk samples. At 2 weeks post-partum, NVP was detected at >10 ng/ml in
21 (72.4%) of 29 plasma samples and in 16 (69.6%) of 23 breast milk samples. At 2 weeks,
detection of NVP in breast milk at >10 ng/ml was associated with detection of NVP in
plasma at >10 ng/ml (p<0.001). The median NVP concentrations in plasma and breast milk
were similar (at 1 week, for plasma: 168 ng/ml (range 16–744), for breast milk: 117 ng/ml
(range <10–576), p=0.16; at 2 weeks, for plasma: 16 ng/ml (range, <10–83), for breast milk:
15 ng/ml (range <10–64), p=0.58). The concentration of NVP was <10 ng/ml in plasma and
breast milk from all 30 women by 4 weeks post-partum. There was no association of NVP
resistance in breast milk at 4 weeks with either detection of NVP >10 ng/ml in breast milk or
plasma, or the level of NVP in either breast milk or plasma, at either study visit (1 or 2
weeks, Table 2).

DISCUSSION
We detected NVP resistance in 40% breast milk samples collected 4 weeks after sdNVP
exposure; most samples had subtype A or D HIV. Results were not obtained for 20
additional samples with <500 copies /ml of HIV RNA. We did not identify any clinical or
laboratory factors associated with detection of NVP resistance in breast milk at 4 weeks
post-partum, possibly due to small sample size.

In a previous study, NVP resistance was detected in breast milk from 13 (65%) of 20
Zimbabwean women with subtype C HIV at 8 weeks post-partum [7]. It is difficult to
compare those results to results from our study [7], because the two studies analyzed
resistance at different times (4 weeks vs. 8 weeks post-partum), used different methods for
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HIV genotyping, and included samples with different HIV subtypes (predominantly A and D
vs. all subtype C).

Administration of sdNVP alone to women in labor continues to be part of regimens for
prevention of MTCT in resource-limited settings. Regimens that combine sdNVP with other
antiretroviral drugs (e.g. antenatal zidovudine or lamivudine) are also recommended by the
World Health Organization for prevention of MTCT. Studies are needed to test whether
women receiving those regimens have a reduced risk for acquiring NVP resistance than
women who receive sdNVP alone. Recent studies also show that use of extended NVP
infant prophylaxis reduces post-natal HIV transmission through breastfeeding [15,16].
Further studies are needed to evaluate whether emergence or persistence of NVP-resistant
HIV in breast milk increases the risk of post-natal transmission in infants receiving NVP-
based regimens for prevention of post-natal HIV transmission, or is associated with
transmission of NVP-resistant strains to infants during breastfeeding.
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Table 1

NVP resistance detected in plasma and breast milk samples (Uganda, 2003–2004)*.

ID Subtype Plasma
4 weeks

Breast milk
4 weeks

Breast milk
10 weeks

64 D K103N WT

117 A V106A WT

52 D G190A WT

5 D K103N+G190A WT

79 D Y181C+Y188C WT

42 A WT G190A WT

17 D WT Y188C WT

8 A WT Y181C Failed

69 A WT K103N WT

39 D Y181C Y181C WT

3 R Y181C+Y188C Y188C K103N

23 D K103N+Y181C Y181C WT

77 R K103N+Y181C K103N WT

30 D K103N+Y181C+Y188C K103N+Y181C+Y188C K103N+G190A

13 D K103N+V106A+Y188C K103N No sample

24 C K103N+Y181C+Y188C+G190A K103N+Y181C+Y188C+G190A K103N

22 A K103N+V106A+Y181C+G190A K103N+V106A+G190A K103N

*
Thirteen women had no NVP resistance mutations detected in plasma or breast milk. Results are shown for the 17 women who had at least one

NVP resistance mutation detected in either sample. R indicates inter-subtype recombinant; wild type (WT) indicates no resistance mutations
detected.
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Table 2

Factors associated with detection of NVP resistance in breast milk 4 weeks after sdNVP administration
(Uganda, 2003–2004).

N BM Resistance No BM Resistance P value

Number of women 30 12 18

Maternal plasma NVP resistance at 4 weeks 30 8/12 (66.7%) 5/18 (27.8%) 0.06 c

Median maternal pre-NVP viral load 30 1002 1035 0.33 b

Median maternal pre-NVP CD4 cell count 30 0.371 0.341 0.75 b

Median breast milk viral load at 4 weeks 30 352 200 0.37 b

Median pre-NVP breast milk WBC 30 6.90 5.85 0.18 b

Breast milk sodium ≥ 10 mmol/L at 1 week 22 7/11 (64%) 3/11 (27%) 0.20 c

Breast milk sodium ≥ 10 mmol/L at 4 weeks 19 5/10 (50%) 2/9 (22%) 0.35 c

HIV subtypea 30 0.10 c

A 4/12 (33.3%) 11/18 (61.1%)

C 1/12 (8.3%) 0/18 (0%)

D 5/12 (41.7%) 7/18 (38.9%)

Intersubtype recombinant 2/12 (16.7%) 0/18 (0%)

Non-A 8/12 (66.7%) 7/18 (38.9%) 0.26 c

Non-D 7/12 (58.3%) 11/18 (61.1%) 1.00 c

Pharmacokinetic analysis d

Detection of NVP in plasma at 1 week 30 12/12 (100%) 18/18 (100%) 1.00 c

Detection of NVP in plasma at 2 weeks 29 8/11 (72.7%) 13/18 (72.2%) 1.00 c

Median NVP level in plasma at 1 week (range) 30 133 (16–379) 168 (20–744) 0.37 b

Median NVP level in plasma at 2 weeks (range) 29 16 (<10–46) 16 (<10–83) 0.98 b

Detection of NVP in breast milk at 1 week 29 11/12 (91.7%) 17/17 (100%) 0.41 c

Detection of NVP in breast milk at 2 weeks 23 8/10 (80%) 8/13 (61.5%) 0.40 c

Median NVP level in breast milk at 1 week (range) 29 82 (<10–226) 132 (31–576) 0.14 b

Median NVP level in breast milk at 2 weeks (range) 23 15 (<10–33) 14 (<10–64) 0.70 b

a
P value for all subtypes.

b
Wilcoxon test

c
Fisher’s exact test

d
NVP levels below 10 ng/ml were below the limit of quantification of the assay.
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