
HIV-1 subtype C is responsible for half of all new cases of
HIV infection worldwide (Essex & Mboup, 2002). This
subtype is predominant in sub-Saharan Africa, with a
prevalence above 30% for adults in Botswana (UNAIDS,
2002). Investigating the mechanisms associated with the
development of drug resistance, which may account for
differential outcomes in treatment, are critical as African
countries prepare to provide public ARV treatment.
Although the impact of natural polymorphisms on the out-
come of ARV therapy is not fully understood, genotypic
divergence in the pol gene may lead to different drug
responses in non-B subtypes. It is possible that drug respons-
es will be different for non-B viral strains. However, few
studies have investigated differences among HIV-1 subtypes
in regard to ARV responses (Frater et al., 2001; Vergne et al.,

2000; Grossman et al., 2001; Loemba et al., 2002; Petrella et
al., 2001). Studies on prevention of mother-to-child trans-
mission reported that a higher proportion of Ugandan
women infected with HIV-1 subtype D, or South African
and Zimbabwean women infected with HIV-1 subtype C,
developed NVP resistance compared with women infected
with subtype A (Eshleman et al., 2001). Drug resistance
may develop at a varying rate depending on the subtypes or
genotypes prevailing in a particular geographical region
(Kantor & Katzenstein, 2004). Specific polymorphisms
exist in baseline (prior to drug exposure) viral sequences of
HIV-1 subtype C (Loemba et al., 2002). Moreover, the
HIV-1C subtype contains a valine codon 106 polymor-
phism that facilitates a V106M transition after selection
with EFV whereas, in HIV-1 subtype B, the V106A 
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To detect and characterize polymerase gene (pol)
polymorphisms and mutation patterns in HIV-1C-
infected Batswana patients treated with reverse
transcriptase inhibitors, samples from AIDS
patients treated with highly active antiretroviral
therapy (HAART) were sequenced for the region
encompassing the entire HIV-1 protease (PR) and
the first 335 amino acids of reverse transcriptase
(RT). Amongst the 16 patients treated with anti-
retroviral (ARV) drugs, eight started HAART regi-
mens containing didanosine, stavudine and nevi-
rapine (ddI/d4T/NVP) or efavirenz (EFV) (arm A)
while the others started with zidovudine (AZT)
and lamivudine (3TC) given together as combivir
(CBV) with either NVP or EFV as arm B. Arm B is the
first line regimen currently provided by the
Botswana ARV national programme. Greater effi-
cacy, in terms of treatment duration, was
observed in patients in arm B (14 months) as com-

pared with patients in arm A (9 months); P<0.05,
n=8. Appearance of the M184V mutation in the
arm B patients coincided with a rebound of viral
load (VL) (4.3 ±0.1 log10 RNA copies/ml) and a sig-
nificantly improved immunological parameter
(∆CD4=207.0 ±48.1 cells/µl; P<0.05). Interestingly,
patients developing the M184V mutation prefer-
entially harboured polymorphisms Q174K and/or
I178L located in close proximity to pol position
184. The M184V mutation occurred following a
clear clinical benefit consisting of increased CD4
cell counts and lower plasma viral loads. Primary
mutations known to be associated with NNRTI and
NRTI resistance for HIV-1B were observed in 10 of
the 16 treated patients. 
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mutation is a NVP-specific mutation (Brenner et al., 2003).
Since January 2002, HIV-infected Batswana have begun to
have access to HAART within the public health system. In
this study, we retrospectively characterized pol polymor-
phisms and mutation patterns in six drug-naive and 16
ARV-treated Batswana patients.

Materials and methods

Study subjects and specimens
The Infectious Disease Care Clinic (IDCC) at Princess
Marina Hospital provides care to HIV-1-infected patients
in Gaborone. Blood specimens from 22 patients (six ARV-
naive and 16 treated patients), who consented according to
the guidelines of the Institutional Review Boards of the
Ministry of Health of Botswana and were followed at
IDCC between May 2001 and March 2003, were retro-
spectively analysed. The first-line regimen contained two
combinations, ddI/d4T/NVP or EFV (arm A, eight
patients) and CBV/NVP or EFV (arm B, eight patients).
Treated patients were followed until regimen switch.
Switching was mainly due to virological failure and/or the
development of opportunistic infections and toxicities.
Among treated patients, four experienced virological failure
(three in arm A and one in arm B).

Reverse transcriptase (RT) and protease (PR)
genotyping
Plasma samples were collected at baseline and at different
time-points until the end-point of follow-up or a switch in
therapy. Treatment-naive patients were sampled at baseline
and at the end of follow-up. Viral genotyping was per-
formed using the ViroSeq HIV-1 Genotyping System
(Celera Diagnostics, Alameda, Calif., USA), according to
the manufacturer’s instructions. Briefly, RNA was extract-
ed from viral particles pelleted from plasma by isopropanol/
ethanol precipitation, converted to cDNA and amplified in
PCR. The amplicon (~1500 bp) represented the HIV-1 pol
region, spanning all the protease and the first 335 codons
of RT. Both strands of the PCR product were sequenced
using six different primers and Big Dye chemistry on an
ABI 3100 Genetic Analyser. ViroSeq HIV Analysis soft-
ware was used for editing and assembling. Generated
sequences were compared with previously reported HIV-
1C pol sequences (Novitsky et al., 2002) and with subtype
B strains obtained from the Stanford HIV database
(http://hivdb. stanford. edu/).

Phylogenetic analysis
To confirm that patients were infected with HIV-1 subtype C,
the 22 nucleotide sequences were aligned using Clustal X-
version 1.81 (Thompson et al., 1997). Reference subtype
strains were obtained from the Los Alamos HIV sequence

database at: http://www.hiv.lanl.gov/content/hiv-db/main-
page.html The neighbour-joining method was employed for
phylogenetic tree-building using the program NJplot. To
obtain a statistical estimate of the reliability of particular
groupings, a bootstrapping was used with 100 replicates
and resampling of all characters in the alignment.

Statistical analysis
To detect changes in virological and immunological para-
meters over time, analyses were performed with the SPSS
statistical analysis software program (version 2.03) using
Kruskal-Wallis one-way analysis of variance test. The
unpaired t-test was used to compare differences between
the groups. Data are shown as means plus or minus stan-
dard error of mean (SEM). A P value less than 0.05 was
considered statistically significant.

Results

Clinical characteristics
All patients were followed at IDCC, between May 2001
and March 2003. Treated patients were separated into two
groups according to their first line regimen: ddI/d4T/NVP
or EFV (arm A, n=8) and CBV/NVP or EFV (arm B,
n=8). Five of eight patients in arm A had to switch from
their first line regimen an average of 9 months after
HAART initiation (8.6 ±1.2 months) while patients in
arm B maintained the same regimen for an average of 13
months (13.6 ±2.4 months). Over the entire follow-up
period of ARV-naive patients (17.6 ±3.8 months), their
CD4 count dropped from 339.3 ±100.5 to 242.0 ±42.5,
while log10 of plasma viral load increased from 5.21 ±0.16
to 5.42 ±0.24. The baseline CD4 counts (cells/µl) for
patients on arm A and B were 66.4 ±27.4 and 114.6 ±29.5,
respectively. The baseline plasma viral load (log10

copies/ml) was 5.33 ±0.30 and 5.73 ±0.11 for patients on
arm A and B, respectively. A significant benefit of therapy
was observed, in terms of CD4 increase, within the first
months of therapy in both arms A and B regimens.
Patients in arm A displayed higher viral loads (4.46 ±0.46
log10) at the end-point of follow-up or just before switch-
ing regimens than patients in arm B (4.08 ±0.38 log10).
Table 1 summarizes the immunological and virological
characteristics of the 22 patients analysed in this study.

HIV-1 RT and PR mutations and polymorphisms 
Phylogenetic analysis revealed that all 22 sequences in this
study clustered within the HIV-1C reference sequences in
both the PR (Figure 1A) and RT (Figure 1B) genes, with
bootstrap values over 85%. No primary mutations associat-
ed with resistance to RT inhibitors were observed in treat-
ment-naive patients (Table 2). Secondary mutations relat-
ed to PR inhibitors were observed in treatment-naive
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patients. Primary mutations related to NNRTI resistance
(K103N, Y181C, V106M, M230L) were observed in nine
of the 16 (56%) treated patients having NVP or EFV in
their regimen. These mutations occurred within 5.8 ±1.5
months after initiating treatment (data not shown). The
K103N mutation was predominant (7/16; 44%), followed
by the Y181C mutation (5/16; 31%). Before initiating
therapy, all of the 22 patients harboured GTG polymor-
phism at codon 106 and three patients receiving NNRTI
harboured the V106M mutation (Table 3). Among these
patients, the two receiving EFV developed a V106M
mutation after 5 and 8 months of treatment, respectively,
while one patient on NVP developed this mutation with-
in 2 months of treatment, in addition to two other prima-
ry mutations associated with high-level resistance to
NNRTIs (K103N and Y181C). Within arm B, the
M184V mutation associated with 3TC resistance was the
most prevalent (4/8, 50%), while one patient harboured
the T215Y mutation associated with resistance to AZT.
Other mutations associated with cross-resistance to
NRTIs, mutations A62V and K70R, were found in one
patient in arm B (patient 21). This patient also harboured
the Y188L multi-NNRTI resistance mutation.

Although none of the 22 patients had taken any protease
inhibitor (PI)-containing regimens, all of them harboured
mutations associated with resistance to PIs. Mutations
included K20R (4/22; 18%), M36I (16/22; 73%), V77I
(6/22; 27%), L63P (11/22; 50%) and L10V (4/22; 18%).

Three out of four patients in arm B who developed pri-
mary mutations were able to maintain successive unde-
tectable viral load (patients 17, 21 and 22) before viral
rebound, while most patients on arm A with primary 

mutations (patients 7, 8, 9, 11, 12 and 14) experienced no
major changes in VL.

Dynamics of virological and immunological (V/I)
parameters
Primary mutations accumulated faster in arm A (6.5 ±1.4
months) than in arm B (11.5 ±3.2 months) (Table 4).
Despite an increased CD4 count by the time arm A-
associated mutations developed, the virological parameter
was not much different (∆VL: –0.3 ±0.1 log10 RNA
copies/ml). For four patients in arm B, the first mutations
occurring after 6.3 ±2.6 months in HAART were NNRTI-
related. They were followed by the emergence of M184V
mutation associated with high level resistance to 3TC
which arose at 11.5 ±3.2 months (n=4) after initiating ther-
apy. Patients in arm B who were able to maintain successive
undetectable VL (patients 17, 21 and 22) improved both
virological parameters (mean VL decline of 1.3 ±0.1 log10;
P<0.05, n=3) and CD4 count (207 ±48 cells/µl; P<0.05,
n=3) by the time M184V mutation developed. This bene-
ficial outcome was time dependent (Figure 2).

RT polymorphism mutations

An analysis of RT polymorphisms for naive and treated
patients who did or did not harbour primary mutations was
performed (Figure 3). We compared these sequences with
the consensus sequence (control) obtained from 51 naive
Batswana infected with HIV-1 C (11). Few differences
were observed between treatment-naive patients (baseline;
n=22) and control (n=51) RT sequences. Depending on the
regimen arm, we observed the preferential presence of
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Table 1. Patient clinical parameters

Naive Treated
(n=6) (n=16)

HAART regimen N/A Arm A: ddI/d4T/NVP  Arm B: CBV/NVP
or EFV                                  or EFV

Mean time follow-up 17.6 ±3.77* 8.62 ±1.16                      13.62 ±2.43†

or switch from first-line regimen (months)

CD4 count Baseline (or before treatment) 339.3 ±100.5 66.4 ±27.4 (0–169)           114.6 ±29.5 (6–232)
(cells/µl) After 1–3 months treatment 221.0 ±100.3 (0–434)          177.8 ±22.3 (103–225)

After 4–6 months treatment 255.8 ±94.6 (25–466)          227 ±18 (155–287)
End-point (or before regimen switch)‡ 242.0 ±42.5 271.3 ±64.1 (25–467)          361.9 ±69.7§ (176–730)

HIV-1 RNA• Baseline (or before treatment) 5.21 ±0.16 5.33 ±0.3 (3.57–5.87) 5.73 ±0.11 (5.11–5.87)
(log10 copies/ml) After 1–3 months treatment 4.33 ±0.44 (3.23–5.63) 3.72 ±0.55† (2.60–5.87)

After 4–6 months treatment 4.37 ±0.53 (2.60–5.69) 3.05 ±0.6† (2.60–5.72)
End-point (or before regimen switch)‡ 5.42 ±0.24 4.46 ±0.46 (2.60–5.69) 4.08 ±0.38† (2.60–4.98)

*Values are expressed as mean ±SEM. Statistical significance was determined using one-way ANOVA test. †P<0.05. ‡t -test was used to com-
pare arm A versus arm B switch from first line regimen. §P<0.01. •Roche Amplicor HIV-1 monitor test version 1.5 was used as viral load test.
The lower and upper limits of detection for this test were 2.60 and 5.87 log10 copies/ml, respectively.
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Figure 1A. Phylogenetic analysis of protease gene sequences of 22 HIV-1 isolates from Botswana

Comparison with reference sequences of HIV-1 pol genes from subtype A, B, C, D, F, G, H, J, K and O (outlier). Alignment was subjected to
100 bootstrap resamplings. Horizontal distance corresponds to genetic relatedness.
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Figure 1B. Phylogenetic analysis of reverse transcriptase gene sequences of 22 HIV-1 isolates from Botswana

Comparison with reference sequences of HIV-1 pol genes from subtype A, B, C, D, F, G, H, J, K and O (outlier). Alignment was subjected to
100 bootstrap resamplings. Horizontal distance corresponds to genetic relatedness.
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Table 3. Patients harbouring V106M mutation

Patient Genotype Drug Other Time of mutation
number change regimens mutations emergence

(months)

9 GTG → ATG ddI/d4T/NVP K103N, Y181C 2

14 GTG → ATG ddI/d4T/EFV K103N 8

18 GTG → ATG CBV/EFV M230L 5

Table 2. HIV-1 pol mutation accumulation during the time of patient follow-up

Patient regimen RT mutations PR mutations

Naive

1 K20R, M36I
2 V77I
3 K20R, M36I
4 M36I, L63P
5 L63P, V77I
6 M36I, L63P

Treated

Arm A
7    ddI/d4T/NVP K103N, Y181C L10V, M36I
8    ddI/d4T/NVP K65R L10V, L63P, V77I
9    ddI/d4T/NVP K65R, K103N, Y181C, T69D, V106M L10V, M36I, L63P
10    ddI/d4T/NVP _ M36I
11    ddI/d4T/NVP Y181C K20R, M36I
12    ddI/d4T/NVP K65R, K103N, Y181C M36I
13    ddI/d4T/EFV _ M36I
14    ddI/d4T/EFV K103N, V106M M36I

Arm B
15    CBV/EFV _ M36I, L63P
16    CBV/EFV _ M36I
17    CBV/NVP M184V, K103N M66I, L63P, V77I
18    CBV/EFV M184V, T215Y, M230L, V106M M36I, L63P
19    CBV/EFV _ M36I, L63P
20    CBV/EFV _ L10V, K20R, M36I
21    CBV/NVP M184V, A62V, G190A, K103N, Y181C, K70R, Y188L L63P, V77I
22    CBV/EFV M184V, K103N L63P, V77I

RT, reverse transcriptase; PR, protease; CBV, combivir; ddI, didanosine; d4T, stavudine; NVP, nevirapine; EFV, efavirenz; CBV=3TC (lamivudine)
plus AZT (zidovudine).
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polymorphisms such as K20R, K22N, E40D, V60I, I135T,
I142V, K166R and K281R. In patients in arm B regimen,
the frequency of I135T, I142V, D250E, Q174K and I178L
polymorphisms were higher among patients harbouring
the M184V primary mutation (50%, 75%, 75%, 50%, 75%,
respectively) compared with patients without mutation
(25%, 0, 25%, 25%, 0, respectively) (Figure 3D). While the
frequency of Q174K in drug-naive individuals infected
with HIV-1 C (control) was 24%, only 1% of drug-naive
individuals exhibited this polymorphism in subtype B
(http://hivdb.stanford.edu). Interestingly, three out of four
patients harbouring the M184V mutation carried the
Q174K polymorphism (patients 18, 21 and 22). While the
I142V polymorphism occurred at the same frequency in
naive patients infected with HIV-1 subtype B or C (4% and
5%, respectively), only patients under arm B regimen who
exhibited the M184V primary mutation harboured this
polymorphism at the increased frequency (3/4: patients 17,
21 and 22). Finally, the I135x polymorphisms (I135T and
I135M) present at the frequency of 16% in drug-naive
individuals infected with HIV-1 C, developed at the same
time as the M184V primary mutation in three patients 
following arm B regimen (patients 17, 21 and 22).

Many other polymorphisms for mutations in RT
nucleotide sequence, including E291D, V292I, I293V,
R277K, T200A, T39E and Q334H, were detected in both
naive and treated patients while two accessory mutations
associated with NNRTI resistance, R211K and L214F,
were found in most of the patients (95%). In addition,
many polymorphisms were found in PR sequence from
naive and treated patients (data not shown).

Co-localization of polymorphisms and primary
mutation on RT T cell epitopes
We analysed the position of the above characterized prima-
ry mutations and polymorphisms on known RT CTL or 
T helper epitopes characterized using HIV-1 subtype B
viruses (Table 5). We showed that mutations conferring
drug resistance such as M184V or Y181C mutations, arose
in highly polymorphic RT T Helper (171-191) and CTL
(175–184) epitope regions. Patients developing these muta-
tions also harboured Q174K (patients 18, 21 and 22) and/or
I178L (patients 21 and 22) polymorphism mutations.

Discussion 

We have described natural polymorphisms and drug-
selected mutations in the RT and PR genes of 22 HIV-1
subtype C isolates from Botswana. In general, virological
failure was associated with the emergence of major drug
resistance mutations. In terms of regimen efficacy, our
results indicate that initiating ARV therapy with the com-
bination CBV/NNRTI delayed time to switch by 14

months, compared to 9 months for ddI/d4T/NNRTI-
based regimens. In arm A, six of eight patients did not
decrease their VL, suggesting that they were not adhering
to their regimens.

This lack of adherence may be associated with pill bur-
den and more complex treatment in the ddI/d4T-contain-
ing regimens compared to CBV-containing regimens. We
observed that primary mutation Y181C, associated with
NNRTI resistance, arises more frequently in patients hav-
ing NVP in their regimen (5/8) than in patients taking
EFV (0/8). Patients presenting mutations at both amino
acid positions 103 and 181 are also more frequent in the
NVP group than the EFV group (4/8 and 0/8, respective-
ly). Interestingly, among the eight patients on EFV, five out
of eight developed no mutations during the study. These
results corroborated with previous data showing that cer-
tain mutations in the NNRTI binding pocket differential-
ly affected susceptibility to these drugs. This is the case of
mutation Y181C, commonly seen after exposure to NVP,
which has little effect on EFV susceptibility and confers
large reductions in susceptibility to NVP (Harris &
Montaner, 2000).

By comparing time to treatment failure and change in
VL, Keiser et al. (2002) showed that patients with NVP-
containing regimens had a shorter time to treatment failure
and less decrease in plasma HIV-1 RNA compared with
EFV-based regimens. This study contradicted the recent
2NN clinical trial data showing that NVP and EFV, which
exhibit distinct side effects and toxicities, presented an
equivalent virological efficacy (van Leth et al., Results of
the 2NN study: A randomized comparative trial of first-
line antiretroviral therapy with regimens containing either
nevirapine alone, efavirenz alone, or both drugs combined,
together with stavudine and lamivudine, Abstr. 176.000,
10th Conference on Retroviruses & Opportunistic Infections.
Boston, 2003). Of the patients having the CBV-based reg-
imen, four of eight harboured mutation M184V. This pri-
mary mutation associated with high-level 3TC resistance
in monotherapy (Schuurman et al., 1995) has also been
associated with diminished HIV fitness, polymerase pro-
cessivity, pyrophosphorylysis, and nucleotide primer
unblocking (Petrella & Wainberg, 2002), whereas NNRTI-
associated mutations had been shown to have little impact
on HIV fitness, behaving as wild-type virus (Dykes et al.,
2001). Interestingly, our data displayed a strong correlation
with CD4/VL levels and resistance to 3TC, which corre-
lated with the presence of M184V mutation in patients
having the arm B regimen. The median CD4 increase of
207 cells/µl, correlated with a median VL decline from
baseline of 1.3 log10 HIV-1 C RNA copies/ml (1.04–1.42),
was strictly observed in patients maintaining undetectable
viral load for at least 4 consecutive months after initiating
HAART. Virological and clinical benefits of AZT/3TC

Antiviral Chemistry & Chemotherapy 15:4 195
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combination therapy had been demonstrated by many clin-
ical trials (Kuritzkes et al., 1996; CAESAR Coordinating
Committee, 1997; Maguire et al., 2000; Ait-Khaled et al.,
1999; Pialoux et al., 1998). The benefits observed in
patients in the arm A regimen were less than those exhib-
ited by patients in arm B, even among patients in arm A
who did not fail their therapy.

The three-dimensional structure of HIV enzymes tar-
geted by ARV drugs (reverse transcriptase and protease)
has brought important insight to the understanding of the
drugs’ mechanism of action and the impact of specific
mutations on their efficacy. The structure of the catalytic
complex of RT described by Huang et al. (1998) clearly
demonstrates that, inherent to this three-dimensional
structure, any mutations occurring near the point mutations
directly involved for specific drug resistance may reinforce
the effects of these primary mutations. This is the case of
mutation 44D/A and 118I which, in the context of AZT
mutations (41L and 215Y), are both capable of generating
resistance to 3TC (Hertogs et al., 2000) as usually exerted
by the M184V mutation.

In this study, we identified several polymorphism muta-
tions unrelated to drug resistance (K20R, K22N, E40D,
V60I, I135T, I142V, K166R, K281R). Recent studies have
demonstrated that not only the virus but also the host
immune system may influence HIV therapy outcome. It is
interesting to note that primary mutations conferring a
high level of drug resistance, such as M184V, arose in poly-
morphic RT T helper and CTL epitope regions.
Furthermore, patients carrying these primary mutations
preferentially harboured polymorphism Q174K and/or
I178L. Such mutations and/or polymorphisms also affect-
ed host immune response (Samri et al., 2000). Moore et al.
(2002) identified HLA-specific polymorphisms within RT
CTL epitopes. Indeed, in a cohort of Western Australian
patients, they showed that the I135T polymorphisms
located within the epitope RT known to bind HLA-B5101
may be associated with viral escape from immune recogni-
tion, in the presence of HAART, in acute HIV infection.
Three of four patients with M184V mutation also dis-
played the I135x polymorphism by the time VL rebound-
ed and M184V mutation arose. This polymorphism is
located in a known CTL epitope. This may augur a com-
plex interplay between development of resistance mutations
and immunological control of the virus. This would not be
surprising, as it has already been demonstrated that HLA
molecules can predict the outcome of therapy in HIV-1
subtype B (Malhotra et al., 2001). Interestingly, when
HIV-1 C and HIV-1 B reference sequences were com-
pared, it appeared that this RT CTL epitope (128–135) is
highly conserved, suggesting that both subtypes may use
the same mutational selection for viral escape. By contrast,
K103N and V106M mutations occurred in a region of poor
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Figure 2. CD4 and VL kinetics among arm B patients
who exhibited the M184V mutation

Longitudinal HIV-RNA load ( ) and CD4 count (F) in arm B
patients harbouring the M184V mutation and followed from base-
line (0, pre-therapy) until time the M184V arose. ∇ is time of NNRTI
mutation emergence.



immunogenicity (in reference to HIV-1 subtype B), which
may explain the less beneficial effect of NNRTIs in terms
of CD4 count recovery or viraemia control.

Finally, 73% of the patients exhibited more than two
minor mutations associated with PI resistance. The pres-
ence of such mutations prior to initiation of PI-based reg-
imens might lead to a faster emergence of viruses resistant
to PIs. Although such accessory mutations had not demon-
strated any decrease in drug sensitivity in vitro, we cannot
rule out that such mutations may increase the risk of 

virological failure as shown by Perno et al. (2001) in an
Italian cohort of 248 drug-naive patients or affect HIV-1 C
fitness of resistant mutants.

The selection of appropriate first-line drug combina-
tions may be the most important challenge, especially when
there are limited options in drug regimens in case of failure.
The presence of multiple secondary mutations associated
with PI resistance, in addition to the many polymorphisms
in the protease gene of HIV-1C isolated from Batswana
patients, will have to be taken into consideration in the
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indication for a second-line regimen. Further studies are
needed to find whether such specific polymorphisms in
association with drug-resistant mutations result in signifi-
cant changes in HIV-1 C-specific T cell recognition and
subsequent activation.
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