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Abstract
Risk of developing drug resistance after stopping antiretroviral regimens to prevent mother-to-
child HIV-1 transmission (PMTCT) is unknown. Mma Bana Study randomized treatment-naïve
pregnant women with CD4 ≥200 cells/mm3 to receive either abacavir/zidovudine/lamivudine
(triple NRTI arm) or lopinavir/ritonavir/zidovudine/lamivudine (PI arm). Drugs were discontinued
after 6 months breastfeeding. One month post-discontinuation, 29 NRTI arm samples and 25 PI
arm samples were successfully genotyped. No clinically significant antiretroviral resistance
mutations were detected. Eight minor resistance mutations were found among 11(20%) women (3
from NRTI arm, 8 from PI arm), occurring at similar frequencies to those reported in HIV-1
subtype C treatment naive cohorts.
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Background
World Health Organization (WHO) guidelines for prevention of mother-to-child HIV-1
transmission (PMTCT) include options to use highly active antiretroviral therapy (HAART)
for all HIV infected pregnant women from pregnancy through the end of the breastfeeding
period1. However, no resistance data has been reported for the period immediately after
stopping HAART used for PMTCT during breastfeeding.

Treatment interruption studies in non-pregnant adults indicate that stopping treatment may
lead to negative long-term health outcomes2–4, including development of resistance
mutations5–9. In PMTCT settings, lower risk of resistance after short-course HAART
compared with ZDV/single dose Nevirapine (sd-NVP) has been reported shortly after
delivery in non-breastfeeding studies10–13. No report has evaluated emergence of drug
resistance mutations after discontinuing triple NRTI or PI-based HAART regimens
following breastfeeding. We therefore evaluated development of drug resistance at 7 months
postpartum among HIV-1 subtype C infected pregnant women who discontinued HAART
for PMTCT after 6 months breastfeeding.

Materials and methods
Mma Bana Study14 enrolled 560 HIV-1 subtype C infected treatment-naïve pregnant women
in Botswana with CD4 counts ≥200 cells/mm3 who elected to breastfeed. Women were
randomized, starting between 26–34 weeks gestational age, to receive either abacavir
(ABC)/zidovudine (ZDV)/lamivudine (3TC) co-formulated as Trizivir (TZV) in the NRTI
arm or lopinavir/ritonavir (LPV/r)/ZDV/3TC co-formulated as Kaletra (KAL)/Combivir
(CBV) in the PI arm. PMTCT regimens were discontinued at 6 months postpartum visit after
confirmation of weaning just prior to this visit unless HAART was required for maternal
health according to the Botswana guidelines.

The Botswana Health Research Development Committee and the Harvard School of Public
Health Human Subjects Committee approved the study protocol and amendments.

For the resistance sub-study, we extracted RNA from 85 samples collected from women (42
from the NRTI arm, 43 from the PI arm) at 7 months postpartum, including all women from
each randomization arm who had a sample available and had been at highest risk for
virologic failure (on HAART that concluded at 6 months postpartum with detectable HIV
RNA >400 copies/mL at 1, 3, or 6 months postpartum). Twenty-three (27%) of these 85
women, 11 (26%) in the NRTI arm and 12 (28%) in the PI arm, were in the highest risk
category because they had detectable HIV RNA >400 copies/mL at postpartum. PCR
amplification and sequencing were attempted for all 85 samples.

Population sequencing of a segment of HIV-1 pol was conducted using an in-house HIV
drug resistance genotyping assay as previously detailed elsewhere15. Briefly, viral RNA was
extracted using either QIAamp viral RNA extraction Kit (Qiagen) or ViroSeq kit (Celera).
The RNA was reverse transcribed into cDNA and the resulting cDNA was PCR amplified
using primers CWF1 (5′-GAAGGACACCAAATGAAAGAYTG-3′) and CWR1 (5′-
GCATACTTYCCTGTTTTCAG-3′). The PCR product was purified sequenced using
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems), and then sequenced
in the ABI Prism 3100 genetic analyzer. ViroSeq HIV-1 Genotyping Systems Software
Version 2.7 (Celera) was used to generate consensus sequences. The consensus sequences
were analyzed for known ART resistance mutations using the Stanford HIV Drug
Resistance Database.
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Statistical analysis was performed using nonparametric methods in the Python SciPy
package. Statistical significance was assessed with a family-wise type I error rate of 0.05
using the Bonferroni approach.

Results
Maternal Characteristics

Among the 85 samples, 61 had known HIV RNA levels (range <400 – 750,000 copies/ml)
and 24 had unknown RNA levels 1 month after discontinuing HAART. Fifty-four (64%)
samples were successfully amplified and sequenced, 29 (69%) from NRTI arm and 25
(58%) from PI arm. Of these women, 7 (24%) mothers from the NRTI arm and 8 (32%)
from the PI arm had HIV RNA>400 copies/mL in the postpartum treatment period.

Among women with genotyped samples, the median age was 27 years at enrollment and
median duration of HAART was 266 days (Table 1). Median baseline (pre-treatment) HIV
RNA for women with genotyped samples was 41,600 copies/mL in the NRTI and 29,500
copies/mL in the PI arm. At delivery, 47 (87%) women had HIV RNA <400 copies/mL,
while the remaining 7 (13%) had HIV RNA ranging from 448 to 9,460 copies/mL. At the
time of discontinuation of HAART, after 6 months breastfeeding, 47 (87%) women had HIV
RNA < 400 copies/mL. Among the 7 (13%) women not suppressed, 3 were from the NRTI
arm (range of 1,750–63,000 copies/mL) and 4 from the PI arm (range 606–42,200 copies/
mL). At 7 months postpartum, one month after HAART discontinuation, median HIV RNA
among genotyped women with known viral loads was 56,900 copies/mL (IQR 15,300–
217,750 copies/mL). These values did not differ significantly by arm, or exceed the
corresponding HIV RNA values at baseline.

For women with genotyped samples, median CD4 cell count at baseline was 389 cells/mm3

for the NRTI arm and 403 cells/mm3 for the PI arm (Table 1). At the time of HAART
discontinuation at 6 months postpartum, median CD4 count was 595 cells/mm3 (IQR 519–
734 cells/mm3) in NRTI arm and 610 cells/mm3 (IQR 495–846 cells/mm3) in the PI arm.
Self-reported adherence of mothers revealed that 8 (15%) mothers had missed HAART for 2
or more days: 3 (10%) in NRTI arm and 5 (20%) in PI arm. Nine (17%) women reported
missing at least one day of HAART.

All sequences were HIV-1 subtype C by phylogenetic analysis.

HIV Drug Resistance Detected One Month After Discontinuation of HAART
One month after discontinuing HAART only minor resistance mutations were detected in 11
(20%) of the 54 samples, 3 (10%) in the NRTI arm and 8 (32%) in the PI arm (Table 2a).
Nine (17%) women (2 from the NRTI arm who did not receive any PI drugs and 7 from the
PI arm) had one or more of the protease mutations L10V/I, Q58E, A71V/T, and T74S (P =
0.07 for difference between arms). Notably, of the 9 women carrying a PI mutation, 7 (78%)
harbored only one isolated PI mutation and 2 (22%) samples showed two PI mutations. The
minor NRTI mutation, V118I, was detected in 2 (7%) women from the NRTI arm only. One
of these women in the NRTI arm also had A71T, a PI mutation.

Four (7%) of the 54 women had E138A mutation (2 in NRTI, 2 in PI arm), which is
associated with NNRTI resistance (none received NNRTIs during the study). Both of the
women in the NRTI arm with E138A mutation also exhibited V118I. One of these women
harbored all three classes of minor ARV mutations: A71T (PI), V118I (NRTI), and E138A
(NNRTI). In the PI arm, one E138A mutation was observed along with PI mutations (L10V,
T74S). Nine (82%) of the 11 women with minor mutations reported 100% adherence to
HAART from antenatal enrollment to 6 months postpartum.
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Discussion
The use of HAART for PMTCT has been a resounding success. However, some HAART
regimens have tradeoffs for maternal health, including the development of drug resistance
mutations that may compromise future treatment. In this study, there was no major
antiretroviral drug resistance mutation detected after stopping either NRTI-based or PI-
based HAART at 6 months postpartum. Only minor or accessory antiretroviral drug
resistance mutations were detected (L10I/V, Q58E, A71T/V, T74S, E138A, and V118I),
nearly all polymorphisms that have been reported among antiretroviral naïve adults in
Botswana16 and elsewhere 17–21. All 4 women with E138A had previous pregnancies, and
thus possible exposure to ZDV and sd-NVP through the Botswana PMTCT program,
although only one woman self-reported to have taken ZDV during a previous pregnancy.

Our results contrast with studies that reported high rates of drug resistance mutations after
stopping NVP5–8,22 or NFV-based HAART9,23–26, but are in accord with the results of a
study in Germany that demonstrated the absence of acquired drug resistance after stopping
LPV/r-based HAART immediately after delivery13. Few studies have evaluated stopping
HAART after breastfeeding cessation (rather than after delivery), but we believe that the
higher percentage of virologically suppressed women at this time point may reduce the risk
for resistance development during the drug washout period (if fewer women have detectable
virus exposed to low-levels of drug).

The drug regimens used in the Mma Bana Study were chosen in part because of the safety of
stopping these regimens in treatment settings22,27–35. Upon virologic failure27,35 or
discontinuation13 of LPV/r-based HAART, the prevalence of resistance mutations is often
low. This reflects the high genetic barrier to resistance for LPV/r, which typically requires
the accumulation of several mutations in the active site of protease, in addition to multiple
accessory mutations17.

Similar half-lives of ARVs used in our study may have reduced unintended monotherapy
following discontinuation of HAART, thus partially explaining the lack of major resistance
mutations36,37. ZDV decays rapidly (t1/2=2.8 hrs)38 while 3TC maintains longer inhibitory
levels (t1/2=12.5 hrs)39. Compared with the half-lives of NFV and NVP (3.5 and 27.5
hrs)40,41, those of ABC and LPV/r (6.4 and 6.2 hrs)41–43 better match that of 3TC,
narrowing the window of functional monotherapy after treatment termination and possibly
avoiding selection of drug resistance.

This study focused on detecting significant resistant subpopulations. While it has been
shown that minority resistant mutants can be detected in both drug-experienced and drug-
naive patients, their impact on the success of antiretroviral therapy remains to be
established10,44–47. Minority subsets of drug-resistant virus present at baseline can
proliferate under drug pressure and lead to virologic failure in treatment-naive patients, most
frequently among patients who receive NNRTI-based HAART regimens44,48–53. In contrast,
other studies (with boosted PIs) showed no significant difference between the outcome of
first-line therapy in acutely or recently HIV-1 infected patients who carried minority
variants of drug-resistant viruses and those who did not45,46,54,55.

Our study had some limitations. The viral load requirement of our genotyping assay may
have caused us to miss mutations in samples with less-fit (thus slower rebounding) mutant
virus. We note that structured treatment interruption studies34,56 reported that no NRTI or PI
resistance mutations were detected during delayed or absent viral rebounds after treatment
interruptions. Furthermore, we highlight the fact that the baseline viral loads of genotyped
mothers were significantly higher than those of the remainder of the Mma Bana cohort (P <
0.001). High baseline viral load was previously found to be significantly associated with
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development of drug resistance during HAART57. Also, in a recent study, women who had
HIV-1 RNA levels above 400 copies/mL during pregnancy-limited antiretroviral therapy
were found to be 2.7 times more likely to have the M184V mutation detected postpartum
than those remaining aviremic through delivery26. Thus, we can reasonably infer that the
probability of drug resistance among the genotyped mothers represents an approximate
upper bound for the entire Mma Bana cohort.

Baseline genotyping was not done to determine if the observed accessory mutations were
present before starting HAART or emerged during or after HAART. However, the lack of
major resistance mutations is of paramount importance, and clinical decisions are unlikely to
be affected by the minor variants detected. We used population sequencing to detect
resistance-associated mutations present in at least 20% to 25% of the viral population. While
this is the most common method to detect mutations, it is less sensitive than allele-specific
real-time PCR, which allows detection of minority variants with a sensitivity as low as
0.01% 46,53,54. We believe the strength of our design was sequencing 1 month after HAART
discontinuation, at a period early in viral rebound when wild-type virus was unlikely to have
out-competed virus harboring resistance mutations. Finally, due to limited finance, the
sample size was small, and larger studies to confirm the safety of stopping these HAART
regimens after use for PMTCT through breastfeeding are warranted.

In conclusion, the NRTI-based and boosted PI-based regimens used for PMTCT in this
study yielded no detectable major drug resistance mutations after discontinuation at 6
months postpartum, and may preserve future treatment options for women receiving these
PMTCT regimens through the breastfeeding period. Factors associated with safe
discontinuation of these regimens may have included a high rate of adherence and virologic
suppression through 6 months breastfeeding in our study, the high genetic barrier to
resistance of LPV/r-based HAART, and the similar half-lives of at least 2 drugs used in each
regimen.
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Table 1

Maternal Characteristics.

Maternal characteristics at
enrolment (unless otherwise

indicated)

Total sample N=54 NRTI arm (ABC/ZDV/
3TC) N=29

PI arm (LPV/r/ZDV/3TC)
N=25

P value

Study site, no. (%) 0.93†

City 13 (24) 7 (24) 6 (24)

Town 8 (15) 5 (17) 3 (12)

Village 33 (61) 17 (59) 16 (64)

Median age, years (IQR) 27 (24–31) 29 (25–34) 26 (24–30) 0.09*

Marital Status, no. (%) 0.01†

Single 41 (76) 18 (62) 23 (92)

Married/Cohabitating 13 (24) 11 (38) 2 (8)

Gravida Including Current
Pregnancy, no.(%)

0.06*

1 4 (7) 0 (0) 4 (16)

2 22 (41) 10 (35) 12 (48)

3 15 (28) 12 (41) 3 (12)

4 or more 13 (24) 7 (24) 6 (24)

Self-reported previous history of
ARVs (ZDV) in pregnancy, no.

(%)

6 (11) 4(14) 2 (8) 0.67†

Education, no. (%) 0.33*

None 3 (6) 3 (10) 0 (0)

Primary 13 (24) 7 (24) 6 (24)

Secondary 36 (66) 18 (63) 18 (72)

University 2 (4) 1 (3) 1(4)

Personal monthly income, in US
dollars, (%)

0.24*

None 33 (61) 20 (69) 13 (52)

< 100 11(20) 5 (17) 6 (24)

101–200 5 (9) 1 (3) 4 (16)

>200 5 (9) 3 (10) 2 (8)

Median days on HAART (IQR) 266 (252–273) 261 (245–266) 268 (252–273) 0.18*

Self-reported adherence to
HAART, total amount missed (%)

0.59*

>=2 days 8 (15) 3 (10) 5 (20)

1 day 1 (2) 1 (3) 0 (0)

1 dose 11 (20) 6 (21) 5 (20)

None 34 (63) 19 (66) 15 (60)

Median baseline HIV-1 RNA,
copies/mL (IQR) Min–Max

32,900 (9,085–91,975)
2,070 – 750,000

41,600 (10,400 –95,700)
2,650 – 334,000

29,500 (9,080 –80,800)
2,070–750,000

0.74*
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Maternal characteristics at
enrolment (unless otherwise

indicated)

Total sample N=54 NRTI arm (ABC/ZDV/
3TC) N=29

PI arm (LPV/r/ZDV/3TC)
N=25

P value

Median HIV-1 RNA at 1 month
post-HAART, copies/mL (IQR)

Min–Max

56,900 (15,450–
217,750)

2,960–750,000 (N =36)

60,550 (9.945–121,250)
2,960–750,000 (N=20)

54,450 (35,325–319,500)
3,610–740,000 (N=16)

0.53*

Median baseline CD4+ cells/mm3
(IQR) Min–Max

396 (330–510)
208–884

389 (343–516)
255–884

403 (282–473)
208–715

0.22*

*
Wilcoxon Rank Sum Test,

†
Fisher’s Exact Test.
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Table 2a

Per-patient distribution of mutations detected one month after HAART cessation, categorized according to
drug class association.

Patient PI NRTI NNRTI

NRTI Arm

4 V118I E138A

10 L10I

21 A71T V118I E138A

PI Arm

30 A71V

35 L10V, T74S E138A

38 E138A

39 Q58E

44 A71T

47 T74S

52 A71T

54 L10I, A71T
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Table 2b

Summary of minor mutations detected with consensus sequencing of plasma RNA one month after HAART
cessation.

Drug class association Minor resistance
mutations detected

Frequency of mutation (%) Frequency in treatment
naïve HIV-1 subtype C
patients17 (%)PI Arm ZDV/3TC/LPV/r NRTI Arm ZDV/3TC/ABC

PI L10I 1/25 (4.0) 1/29 (3.4) (2.1)

L10V 1/25 (4.0) 0/29 (0.0) (1.4)

Q58E 1/25 (4.0) 0/29 (0.0) (0.3)

A71V 1/25 (4.0) 0/29 (0.0) (0.2)

A71T 3/25 (12.0) 1/29 (3.4) (1.0)

T74S 2/25 (8.0) 0/29 (0.0) (9.7)

NRTI V118I 0/25 (0.0) 2/29 (6.9) (2.1)

NNRTI E138A 2/25 (8.0) 2/29 (6.9) (5.0)
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