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Summary

Background. The database of genotypic drug resis-
tance mutations in HIV-1 subtype B circulating in
developed industrial countries has been well estab-
lished; however, little is known regarding the prev-
alence of genotypic resistance patterns in patients
harboring non-subtype-B HIV-1 variants in most
Asian countries.

Objective. To characterize the polymorphisms
and emergence of drug-resistance mutations, resis-
tance to antiretroviral drugs in naive and pretreated
patients infected with HIV-1 CRFO1_AE isolates in
Fujian province, China.

Methods. HIV-1 pol amplicons from 52 pre- and
14 post-treatment samples were obtained by reverse
transcription-polymerase chain reaction (RT-PCR)
and sequencing. All of the 14 antiretroviral-treated
patients were under a fixed regimen of stavudine
(d4T), lamivudine (3TC) and nevirapine (NVP),
and they had been on treatment for a mean of 6
months (SD, 4 months).
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The sequence data were analyzed using the Bio-
edit software, and the data regarding drug resis-
tance mutations were obtained using the Stanford
software (http://hivdb.stanford.edu).

Results. In comparison with the consensus se-
quence of B strains, the most common protease
polymorphisms in HIV-1 CRFO1_AE strains prevail-
ing in Fujian Province, China, were 113V (76.9%),
E35D (76.9%), M361 (100%), R41K (98.1%),
H69K (90.4%), and L8OM (96.2%). Protease mu-
tations between CRF0O1_AE strains and B’ variants
prevailing in China were observed. The proportion
of substitutions L63P, A71T/V, V771 and I93L in
subtype B’ sequences was considerably higher than
in CRFO1_AE viruses, while the proportion of
L101, M36I and K20R /T substitutions in subtype B’
sequences was relatively lower than in CRFO1_AE
strains. A high level of resistance to nucleoside re-
verse transcriptase inhibitors (NRTIs) (28.6%, 4/14)
and non-nucleoside reverse transcriptase inhibitors
(NNRTIs) (35.7%, 5/14) was found in treatment-
experienced patients. High-level resistance to nevi-
rapine (NVP) and lamivudine (3TC) was found in
the stavudine/lamivudine/nevirapine (d4T/3TC/
NVP) treatment regimen. The overall drug resis-
tance rate was 42.9% (6/14), the resistance rates
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to two and to all three drugs under treatment were
14.3% (2/14) and 7.1% (1/14), respectively.

Conclusion. This study is the first report on poly-
morphisms and emergence of drug-resistance mu-
tations in HIV-1 subtype CRFO1_AE prevailing in
China. These findings provide useful information
on global HIV genetic variability and non-B drug
resistance.

Introduction

The initiation of highly active antiretroviral therapy
(HAART) has remarkably reduced the morbidity
and mortality caused by HIV-1 infection [8]. The
emergence of drug resistance variants is the main
obstacle to the effectiveness of antiretroviral thera-
py (ART) [2]. Hence, it is important to evaluate the
prevalence rate and mutation patterns of drug resis-
tance in both naive and treated patients.

Resistance to antiretroviral agents often results
from mutations within the HIV-1 pol gene. Current-
ly, a drug resistance database focused on HIV-1
subtype B has been well established, however, giv-
en the increasing genetic heterogeneity of HIV-1
worldwide, it is also necessary to characterize pol
sequences from a wide spectrum of HIV-1 subtypes
occurring among drug-naive populations [9]. Here,
we report for the first time the polymorphisms and
prevalence of drug resistance mutations in HIV-1
subtype CRFOI_AE isolates prevailing in China
and provide some insights on the subtype-specific
variation and drug resistance spectrum of non-sub-
type B.

Materials and methods

Specimens

Since 2003, we have been conducting the present study in
Fujian Province, China. Our study cohort consisted of 66
individuals infected with HIV-1 subtype AE verified by se-
quence analysis; these subjects were randomized and includ-
ed 52 treatment-naive patients and 14 treatment-experienced
patients. All patients had given written informed consent,
and demographic data was obtained through a personal in-
terview. The subjects were considered treatment-naive if they
had never been exposed to antiretroviral drugs and treatment-
experienced if they were receiving reverse transcriptase
(inhibitors (RTIs) and/or protease inhibitors (PIs) at the time
at the time of obtaining the sample.
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RNA extraction, reverse transcription-polymerase
chain reaction and sequencing

Viral RNA was extracted from 140 pl plasma by using the
QIAamp Viral RNA Isolation Kit (Qiagen, Valencia, CA)
according to the manufacturer’s protocol. The RNA template
was then reverse-transcripted to cDNA using a random prim-
er. Nested polymerase chain reaction (PCR) was used to
amplify a 1115-bp fragment of the pol gene from the cDNA
template; this partial pol gene comprised the entire PR-
encoding regions and the first 230 codons of the RT-encoding
sequences. The first-round PCR primers were IBF1 (5'-
AAATGATGACAGCATGTCAGGGAGT-3’; HXB,,1823-
1847) and IBR1 (5-AACTTCTGTATATCATTGACAGT
CCA-3'; HXB,, 3303-3278); The second-round primers
were PRB  (5-ACTGAGAGACAGGCTAATTTTTTAG
GGA-3'; HXB,, 2068-2095) and IBR2 (5-CAAAGGAATG
GAGGTTCTTTCTGATG-3'; HXB,, 3210-3185). The posi-
tive PCR products were purified by using a Qiagen Gel
Extraction Kit. The HIV-1 reverse transcriptase (RT) and
protease (PR) genes were sequenced at Invitrogen (Shanghai,
China), with PRB and IBR2 as sequencing primers.

Drug resistance analysis

The HIV-1 RT and PR gene sequences were first edited and
assembled using the Bioedit software, and then analyzed for
genotypic antiretroviral resistance using the HIVdb program
(http:/ /hivdb.stanford.edu). The drug resistance profiles
were analyzed based on genotypic and phenotypic inter-
pretations defined by the Stanford HIV RT and Protease
Sequence Database. This program identifies primary and
secondary resistance mutations at specific codons in the PR
and RT regions and determines whether these mutations con-
fer resistance or sensitivity to certain nonnucleoside reverse
transcriptase inhibitors (NNRTIs), nucleoside reverse tran-
scriptase inhibitors (NRTIs), or protease inhibitors (PIs).
The HIV drug resistance mutation scoring system established
by Prof. Shafer, Stanford University, was used to assess re-
sistance interpretations and to comment on a drug. In this
system, the mutation scores for each of the mutations asso-
ciated with resistance to a particular drug were added to
obtain an aggregate score.

Results

Polymorphisms of HIV-1 CRFOI_AE
prevailing in Fujian, China

A total of 52 treatment-naive and 14 antiretroviral-
treated HIV-1-infected individuals were enrolled in
this study; all of the subjects were infected with
CRFO1_AE subtype, verified by subtyping analysis
of the env, gag and pol genes. All of the patients
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Table 1. Polymorphisms of protease in HIV-1 CRFO1_AE isolates in 52 HIV/AIDS treatment-naive patients

Position® Subtype B Subtype CRFO1_AE Polymorphic amino acids and proportion
consensus® consensus’ in CRFO1_AE in China (%)

10 L L L (82.7),1(13.5), V (1.9), P (1.9)

13 I \Y% V (76.9), 1 (23.1)

14 K K K (96.2), R (3.8)

15 I I 1(94.2), V (5.8)

16 G G G (78.8), E (19.2), A (1.9)

19 L L L (96.2), I (3.8)

20 K K K (78.8), R (11.5), 1 (9.6)

31 T T T (98.1), P (1.9)

35 E D D (76.9), E (23.1)

36 M I 1 (100.0)

41 R K K (98.1), R (1.9)

43 K K K (96.2), R (3.8)

55 K K K (88.5), R (11.5)

57 R R R (92.3), T (7.7)

63 L L L (80.8), P (17.3), V (1.9)

69 H K K (90.4), R (5.8), Q (1.9), S (1.9)

70 K K K (92.3), R (7.7)

72 I I 1(92.3), V (7.7)

74 T T T (96.2), S (3.8)

82 v A% V (90.4), 1 (9.6)

89 L M M (96.2), 1 (1.9), L (1.9)

93 I I 1(63.5), L (32.7), V (3.8)

99 F F F (90.4), L (5.8), 1 (1.9)

? The number shows the amino acid positions in the protease sequence.
® The consensus sequences were obtained form the HIV databases (http: //www.hiv.lanl.gov).

were local residents of Fujian province; their age
ranged from 30 to 50 (mean 34.9 years), with a male:
female ratio of 1.3:1. The majority were infected
through heterosexual contact (71.2%), followed by
IDU (injecting drug user, 10.6%). Seventeen (25.8%)
patients were infected abroad, while the other
patients were infected locally. All of the 14 antire-
troviral-treated patients were under an unchanged
regimen of stavudine (d4T), lamivudine (3TC) and
nevirapine (NVP), and they had been on treatment
for a mean of 6 months (SD, 4 months).
Polymorphisms of the CRFO1_AE strains ob-
tained in this study were defined as variation from
the subtype B consensus amino acid sequence. The
overall spectrum of protease is detailed in Table 1.
The most common substitutions were 113V (76.9%),
E35D (76.9%), M361 (100%), R41K (98.1%),
H69K (90.4%), and L8OM (96.2%); the other substit-
utions with less frequency included L10I (13.5%),
GI16E (19.2%), K20R/T (21.2%), K55R (11.5%),

L63P (17.3%), V821 (9.6%), and 193L (32.7%).
In the RT region, the substitutions with proportions
>10% were E6D (94.2%), K11T/A (73.1%), V35T
(94.2%), T39K (90.4%), K43E (82.7%), K122E
(90.4%), D123S/N (96.2%), 1135L/T (21.2%),
K1731 (84.6%), Q174K (96.2%), D177E (96.2%),
1178M (32.7%), V1791 (13.5%), and S191F (11.5%).
The consensus amino acid sequence derived from
the 52 treatment-naive patients was identical to the
international CRFO1_AE consensus at all positions,
except at one position, codon 178 at RT region, in
which the former was 178I, the same as in the sub-
type B consensus sequence, while the latter con-
tained the codon 178M (Fig. 1).

A comparison of the sequences of 52 CRFO1_AE
treatment-naive sequences with those of previous-
ly reported [4] subtype B’ variants circulating in
China revealed some subtype-specific features in
the PR regions. The substitutions L63P, A71T/V,
172V, V771 and 193L existed in most subtype B’
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Fig. 1. Alignment comparison of amino acid sequences of protease and RT among subtype B, B’ and CRF0O1_AE consensus
sequences. CON-B and CON-AE are consensus sequences of subtype B and CRFO1_AE, respectively, from the HIV
databases (http://www.hiv.lanl.gov). CON-B’ is the previously reported [4] consensus sequence for subtype B’ in China.
CON-AE-S is the CRFO1_AE consensus sequence from this study. In each group, amino acids that are the same as the first

sequence are presented a dots

variant sequences but showed very low frequency
in CRFO1_AE sequences. On the other hand, the
substitutions 113V, M36I, R41K, H69K, L8OM
were found in more than 75% of the CRFO1_AE
sequences but were observed in only a few or none
of subtype B’ sequences. The substitution E35D was
present in a high proportion in both subtype B’ and
CRFO1_AE sequences.

Drug resistance analysis

With regard to the amino acid sequence associated
with drug resistance, we noted only one difference,
i.e., codon 36 in the PI region (Fig. 1), between the
CRFO1_AE consensus sequence obtained and the
subtype B consensus sequence. This indicated that
the drug resistance interpretation system developed
by Stanford University for the B clade could be
applied to the CRFO1_AE clade detected in this
study.

In the sequences of CRFO1_AE strains from both
treatment-naive and treatment-experienced groups,

we found a large number of minor mutations, in-
cluding M361, 193L, L63P, K20R/I, L10I and
V771. These mutations were also considered to be
polymorphisms as mentioned above and did not
confer any resistance to PIs. No major mutations
associated with resistance to PIs were found in
CRFO1_AE sequences from any of the patients.
The mutation patterns of resistance to NRTIs and
NNRTIs in the drug-naive and treatment-experi-
enced groups are shown in Table 2a and b. In the
treatment-naive group, only 2 samples (4.0%, 2/52)
showed mutations associated with resistance to
NRTIs or NNRTIs. One sample had NRTI-related
mutations A62V and T69N; these mutations only
caused potential low-level resistance to drugs.
Among treatment-experienced patients, the resis-
tance levels to one or more NRTIs and NNRTIs
were 28.6% (4/14) and 35.7% (5/14), respectively;
in the CRFO1_AE strains from these patients, the
NRTI-related mutations included M184V (7.1%,
1/14), K65R (7.1%,1/14), D67G (7.1%,1/14),
K70R (7.1%,1/14), and K70Q (7.1%,1/14), while
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Table 2. NRTI and NNRTI mutation patterns in the drug-naive and drug treatment groups
(a) Resistance patterns in the drug-naive group
Study Mutation Mutation profile ~ NRTIs NRTIs
subject profile (NRTI) (NNRTI)

3TC ABC AZT D4AT DDI FTC TDF DLV EFV NVP
FI16 K70Q / S S P S S S S / / /
FJ43 A62V, TOON / S S S P P S S / / /
(b) NNRTI resistance patterns in the treatment-experienced group
Study Mutation Mutation profile  NRTIs NRTIs
subject profile (NRTI) (NNRTI)

3TC ABC AZT D4AT DDI FTC TDF DLV EFV NVP
FJ10 / Y188L / / / / / / / L H H
FJ14 K70Q / S S P S S S S / / /
FJ18 K70R, D67G ~ KI103N S S L I S S P H H H
FJ33 Y181C / / / / / / / H I H
FI57 M184V GI190A H P S S P H S S I H
FJ69 K65R KI103N, Y181C I L S L I I I H H H

37TC Lamivudine; ABC abacavir; AZT zidovudine; D4T stavudine; DDI didanosine; FTC emtricitabine; TDF tenofovir;
DLV delavirdine; EFV efavirenz; NVP nevirapine; NRTIs nucleoside reverse transcriptase inhibitors; NNRTIs non-nucleoside
reverse transcriptase inhibitors; S, P, L, I and H indicate susceptible, potential low-level, low-level, intermediate-level, and

high-level resistant to drugs, respectively.

the NNRTI-related mutations included K103N
(14.3%,2/14), Y181C (14.3%,2/14), G190A (7.1%,
1/14) and Y188L (7.1%,1/14). Three (21.4%)
samples showed mutation-associated resistance to
both NRTIs and NNRTIs. With regard to NRTIs,
the resistance level to 3TC, abacavir (ABC), zido-
vudine (AZT) and emtricitabine (FTC) was 14.3%
(2/14) and that to D4T and dideoxyinosine (DDI)
was 21.4% (3/14). Among these, a high-level of
resistance was observed to 3TC and FTC. Further-
more, high level of resistance was observed to the
three NNRTTIs, with a rate of 35.7% (5/14).

In the DAT/3TC/NVP treatment regimen, a high
level of resistance to NVP and 3TC was observed.
The overall drug resistance level was 42.9% (6/14),
and the levels of resistance to two and all three drugs
were 14.3% (2/14) and 7.1% (1/14), respectively.

Discussion

The current data on effectiveness of antiretroviral
therapy and the selection of drug resistance are
largely confined to HIV-1 subtype B, the clade that
has circulated in North America and Europe. How-

ever, subtype B accounts for only ~10% of the
global HIV pandemic. The increasing access to
treatment of HIV-1 in the developing countries and
increasing non-subtype B infection through travel
and migration pose new questions on the suscepti-
bility and response of diverse HIV-1 strains to an-
tiretroviral drugs [6]. An increasing number of in
vitro and in vivo studies suggest that the currently
available PIs and RTIs are as active against non-
subtype-B viruses as they are against subtype B
viruses. However, few data are available on the ge-
netic mechanisms of drug resistance in non-subtype
B viruses [11]. Hence, it is essential to establish
sequence information data on non-subtype B virus-
es. Here, we report for the first time the polymor-
phisms and prevalence of drug resistance mutations
in subtype CRFO1_AE isolates prevailing in Fujian
province, southeast China.

In this study, we detected a larger number of
polymorphisms in PR of CRFO1_AE than in the
subtype B consensus sequence. This finding was
completely consistent with that previously reported
[10] in which many substitutions were considered
minor mutations, associated with drug resistance.
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It has been reported that PR amino acid changes
known to contribute to drug resistance occur as
natural polymorphisms in 75% of all HIV-1 strains
in patients who never received Pls, and the patterns
of these substitutions differs between subtype B
and non-B HIV-1 variants [12]. PR substitutions
L10I/V/R, K20R/I, M36I, M46L/1, L63P/S/T,
AT71T/V, V771, V82A/T/S/F and 193L have been
defined as minor (also referred to accessory, sec-
ondary and associated) resistance mutations. In
our study, the substitution M36I was found in all
CRFO1_AE strains. This mutation was weakly as-
sociated with indinavir, ritonavir and nelfnavir re-
sistance when present with other mutations [5].
Recent in vitro studies showed that in the absence
of drugs, the M36I clone replicated more rapidly
than the wild-type virus, and K20I and/or M36I
improved the replicative capacity of the virus under
drug pressure, thereby reducing its susceptibility to
saquinavir and indinavir [3]. Thus, our prevalent
CRFO1_AE strain that harbors M36I may potenti-
ate the relative vitality of virus towards PIs. Other
substitutions found as minor mutations were L10I
(13.5%), K20R/T (21.2%), L63P (17.3%), 193L
(32.7%). The latest report of the RESIST trials
showed that H69K was weakly associated with a
decreased virological response to Tipranavir [1].
Hence, it can be inferred that the high proportion
of H69K (90.4%) in our CRFO1_AE strains may
has some impact on drug susceptibility.

The positions and proportions of substitutions
considered minor mutations were different between
our CRFO1_AE strains and subtype B’ variants pre-
vailing in China. The proportion of substitutions
L63P (90.2%), AT1T/V (31.6%), V771 (96.6%) and
I93L (91.4%) in subtype B’ [4] sequences was con-
siderably higher than in CRFO1_AE viruses, while
the proportion of substitutions L10I (3.4%), M361
(0%) K20R/I (0%) in subtype B’ sequences was
relatively lower than in CRFO1_AE strains.

Comparing the polymorphisms described in this
study with those previously reported in CRFO1_AE
strains found in other region of the world by Kantor
et al. [7], some minor discordance were found. In
the PR region, the rates of polymorphisms at codon
16, 35, 70 were about 35, 95 and 20%, respectively,
in the study by Kantor, while in our study the rates
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were 21.2, 76.9 and 7.7%, respectively. In Kantor’s
study, the mutation frequency at codons 45 and
51 varied significantly between CRFO1_AE and B
strains although the rates were only about 5%.
However, the sequences at these two position were
highly conserved and present no polymorphism in
our study. In the RT region, the mutation frequen-
cies at codons 162 and 178 were higher than 50%
in the study by Kantor et al. while in our study the
rates were only about 30%. The substitution of RT
L74V was not detected in this study. Overall, the
polymorphisms of CRFO1_AE strains circulating in
China were much the same as in the CRFO1_AE
strains found in other parts of the world.

In summary, this study for the first time characteri-
zes subtype-specific polymorphisms in CRFO1_AE
strains prevailing in China, and it reveals differ-
ences in the proportion and positions of polymor-
phisms between local CRFO1_AE and those in
other regions of the world. The prevalence of drug
resistance in people receiving ART is at a high
level, and some specific resistance patterns have
been noted. Further cohort data regarding drug re-
sistance in antiretroviral-treated patients is needed
for the evaluation of drug response and evolution of
drug resistance mutations in CRFO1_AE strains.
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