OPEN a ACCESS Freely available online

@' PLOS ’ ONE

Prevalence and Mutation Patterns of HIV Drug
Resistance from 2010 to 2011 among ART-Failure
Individuals in the Yunnan Province, China

Hanping Li'®, Min Zhong??, Wei Guo', Daomin Zhuang’, Lin Li', Yongjian Liu', Zuoyi Bao', Siyang Liu’,
Xiaolin Wang', Tianyi Li', Shaomin Yang?, Jingyun Li'*

1 Department of AIDS Research, State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology, Beijing, China, 2 Yunnan Provincial

Hospital of Infectious Disease, Kunming, China

Abstract

Background: Assessing the prevalence of HIV-1 drug-resistance and the mutation patterns associated with resistance in the
geographical regions implementing free antiretroviral therapy (ART) in China is necessary for preventing the spread of
resistant strains and designing the regimens for the subsequent therapies with limited resources.

Methods: Plasma samples in different cities/prefectures were collected at Yunnan Provincial Hospital of Infectious Disease
from January 2010 to December 2011. Genotyping of drug-resistant individuals was conducted using an in-house assay on
plasma samples. Viral load, CD4 T cell counts and demographic data were obtained from medical records and an
administered questionnaire.

Results: A total of 609 pol sequences (515 ART-failure and 94 therapy-naive individuals) derived from 664 samples were
obtained. The prevalence of drug-resistance was 45.1% in the ART-failure individuals. Of these, 26.8% harbored HIV strains
dually resistant to nucleoside reverse transcriptase inhibitors and non-nucleoside reverse transcriptase inhibitors, and 14.8%
harbored HIV strains resistant to only one drug category. Mutations such as M184V/I, K103N, V106A, Y181C and G190A were
common among the ART-failure individuals, and the frequencies of M184V/Il, K103N and V106A were 28.2%, 19.2%, and
22.1%, respectively. The percentages of individuals exhibiting intermediate or high-level resistance to 3TC, FTC, EFV and
NVP drugs were 28.4%, 28.2%, 37.3%, and 37.5%, respectively. Factors such as ethnicity, transmission route, CD4 counts,
viral load and the duration of ART were significantly correlated with development of drug resistance in the ART-failure
individuals.

Conclusions: The high prevalence of HIV drug-resistance observed among the ART-failure individuals from 2010 to 2011 in
Yunnan province should be of increasing concern in regions where the implementation of ART is widespread. Education
about the risk factors associated with HIV drug resistance is important for preventing and controlling the spread of HIV

drug-resistant strains.
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Background

It is estimated that at least 740,000 people live with HIV in
China, and this epidemic is characterized by geographical
disparities as well as a higher prevalence among certain sub-
groups of the population [1]. Since 2009, the transmission route of
sexual contact has overtaken intravenous drug use (IDU) and
become more prevalent [2], with sexual transmission accounting
for 59.0% (44.3% heterosexual, 14.7% homosexual) of the living
AIDS/HIV individuals. In an attempt to prevent and control the
spread of AIDS, the Chinese government implemented the
National Free ART Program in 2003 and expanded the program
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in 2004 [3]. This program significantly contributed to a dramatic
reduction in mortality among individuals receiving ART. How-
ever, this success has turned out to be a ‘double-edged sword’ in
China as drug-resistant strains of HIV quickly emerged under the
selective pressure of antiviral drugs among AR'T individuals [4-6],
likely due to poor adherence in some ART implementation
regions. This might directly result in lower availability of drug
substitution options in future ART iterations in China as there are
only nine free antiretroviral drugs (seven first-line drugs and two
second-line drugs) available from the initiation of free ART to the
present time. Initially, the regimen of the first-line treatment
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consisted of zidovudine (AZT or ZDV), stavudine (d41) or
didanosine (ddl) in combination with nevirapine (NVP) or
efavirenz (EFV). With comprehensive evaluation of free antiret-
roviral drugs and regimens, ddI was replaced with lamivudine
(3TC) due to its poor virological response and drug-resistance in
2005. In 2008, the second-line treatment became available
through the national program [7], with boosted lopinavir (LPV/
r) provided in combination with either d4'T, AZT, 3TC, or ddl. In
2010, tenofovir (TDF) in combination with 3TC became available
as the second-line treatment in combination with boosted LPV/r
[8].

Yunnan, a southwestern province of China that shares a border
with the well-known heroin-producing region of Myanmar
(Burma), was once considered the epicenter of China [9]. In
recent years, the flourishing commercial sexual trade and drug
exchange at these border regions promoted the spread of HIV
among sub-groups of sex workers and intravenous drug users
(IDUs) so widely that the HIV epidemic was placed at the
forefront of national issues [10-11]. To effectively prevent the
spread of HIV and control the progression of AIDS in already-
infected individuals, assessing the prevalence and mutation
patterns of HIV-1 drug resistance in regions that have imple-
mented the free ART is vital for the future. This study aimed to
determine the prevalence and mutation patterns of HIV-1 drug-
resistance among the ART-failure individuals from 2010 to 2011
in the Yunnan province and evaluate the risk factors that are
associated with the development of HIV drug-resistance strains.

Results

Individual Characteristics

As of 2011, 13,736 individuals have been accepted to the free
ART program in the Yunnan province, and the viral load (VL)
had been determined at least once annually to evaluate the efficacy
of ART. From 2010 to 2011, 1,066 individuals whose VL was
more than 1000 copies/mlL were found among the 13,736
individuals. A total of 503 plasma specimens did not undergo the
genotyping resistance test among the 1066 individuals because of
inadequate plasma volume (=500 pL) and the duration of ART
being less than 12 months. Genotyping resistance test was carried
out on 664 plasma specimens, including 101 therapy-naive control
and 563 ART-failure individuals. After the genotyping test was
performed using an in-house method and the raw sequences were
assembled, aligned and edited, 609 pol sequences (515 ART-
failure and 94 therapy-naive individuals) were obtained and the
amplification of 55 specimens was negative, achieving a positive
ratio of 91.7% (609/664).

According to self-reported answers to a questionnaire, the
following individual characteristics were found. Individuals in the
study originated from nearly all regions of the Yunnan province,
including Kunming City, Lincang City, Honghe Prefecture, and
Dehong Prefecture. Each region was represented by over 10% of
the specimens (12.8%, 13.8%, 15.9%, and 17.3%, respectively;
Figure 1). In terms of ethnicity, 71.6% were of the Han ethnicity
and 28.4% were Dai origin or other minorities. The majority of
individuals were male (54.3% therapy-naive and 61.2% ART-
failure individuals), and the median age was 39.3 years and 36.2
years in the therapy-naive and ART-failure individuals, respec-
tively (Table 1).

Comparing HIV-related characteristics between the two groups,
the CD4+ T cell counts (x> =2.42, P>0.05) and VL (3 =1.23,
P>0.05) were not statistical different between the two groups. The
prevalent subtypes in this study were similar to previous reports
(CRF08_BC 51.0%, CRF07_BC 24.5% and CRFO1_AE 20.4%)
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[12-14], with subtype CRF08_BC being more prevalent in the
population than subtypes CRFO1_AE and CRF07_BC (51.9% wvs.
19.2% and 17.9%, respectively). Consistent with the previously
reported changes in the most common transmission route of the
AIDS epidemic, we confirmed that sexual contact was the main
transmission route in the study population at 56.7% (345/609;
54.0% heterosexual and 2.6% homosexual), followed by the IDU
route (32.5%). In addition, the majority of female individuals were
female sex workers (FSWs) at 86.8% (211/243).

Among all therapy regimens in ART-failure individuals
(Figure 2), the AZT/3TC/NVP regimen was the most common
at 42.5%. The proportion of individuals treated with d4T/3TC/
NVP, AZT/3TC/EFV and d4T/3TC/EFV was 28.2%, 15.2%,
and 9.3%, respectively. With the implementation of second-line
antiviral drugs in China in recent years, 4.9% of the individuals
accepted free protease inhibitor LPV/r therapy.

Prevalence of HIV Drug Resistance (HIVDR) in ART-failure
Individuals

Next, we evaluated the presence of mutations in the HIV pol
gene by comparing the sequences against the HIVDR Database
from Stanford University to find the known mutations related with
drug resistance. The prevalence of drug resistance was 2.1% (2/
94) in the control therapy-naive individuals. One individual that
was infected through homosexual contact, exhibited a high level of
resistance to nelfinavir with ritonavir (NFV/r) with a D30N
mutation and conferred intermediate resistance to all nucleoside
reverse transcriptase inhibitors (NRTIs) with T69ins. The other
individual infected through heterosexual contact, had mutations of
L90M and A71V and exhibited low-level resistance to atazanavir
with ritonavir (ATV/r) and fosamprenavir with ritonavir (FPV/r),
intermediate resistance to indinavir with ritonavir (IDV/r) and
saquinavir with ritonavir (SQV/r), and high resistance to NFV/r.
The HIV resistant strains were likely introduced through their
sexual partners as neither individual had a previous history of drug
use. The frequencies of some mutations, including A71TV, T69S,
and V179D were relatively high between the therapy-naive and
the ART-failure individuals but the impact on susceptibility to
antiviral drugs was low; therefore, these mutations were not
described in detail in this study. In contrast to the low prevalence
of drug resistance in the therapy-naive individuals, 45.1% (232/
515) of the ART-failure individuals exhibited at least one drug-
resistant mutation. Of the 232 individuals (Table 2), six, six and
four cases were resistant to all, protease inhibitors (PIs), and
NRTIs, respectively. One of the 515 ART-failure cases exhibited
dual resistance to PIs and NNRTIs. The majority of individuals
were resistant to NNRTIs, 14.8% to NNRTIs alone and 26.8%
were dual resistant to NRTIs and NNRTIs. The percentages of
resistance to 3TC, FTC, EFV, ETR, and NVP drugs were 28.4%,
28.2%, 39.4%, 25.6% and 39.6% resistance, respectively
(Figure 3). Resistance to the other five drugs (ABC, AZT, d4T,
ddl, and DLV) was more than 10% each.

The mutations associated with drug resistance present in ART-
failure individuals are listed in Table 3. M184V/I was the most
prevalent mutation associated with resistance to NRTI, with a
frequency of 28.2%. As for the most prevalent mutations
associated with NNRTI, the frequencies of K103N and V106A
were approximately 20% (19.2% and 22.1%, respectively). With
the widespread use of AZT and d4T, the resistance mutations
associated with these drugs, including K70R, T215F/Y and
K219Q/E, were 4.5%, 6.8%, and 5.1%, respectively.
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Figure 1. Geographical distribution of specimens collected in this study. Note: the numbers to the right and left of the “/“represent the

therapy-naive and the ART individuals, respectively.
doi:10.1371/journal.pone.0072630.g001

Risk Factors for HIV-1 Drug Resistance

Eight potential factors were taken into account in univariate
logistic regression, as listed in Table 4. Ethnicity, CD4 counts, VL,
transmission route, and duration of ART significantly correlated
with drug resistance (P<0.05). To determine the risk factors
associated with HIV-1 drug resistance, multivariable logistic
regression analysis was performed using stepwise selection to
explore which potential factors associated with development of
HIV drug-resistance strains. We identified the following five
potential factors that significantly correlated with development of
drug resistance in the ART-failure individual: Ethnicity (others vs.
Han: OR 1.6; 95% CI 1.0-2.5; P=0.04); transmission route (drug
injection vs. sexual contact transmission: OR 0.6; 95% CI 0.4-0.9;
P=0.02), (transfusion or other vs. sexual contact: OR 2.0; 95% CI
1.0-4.0; P<0.01); CD4 counts (200-349 vs. <200: OR 0.5; 95%
CI 0.4-0.8; P<0.01), (=350 vs. <200: OR 0.3; 95% CI 0.1-1.0;
P=0.03 );VL(5,000-9,999 vs. <5,000-1,000: OR 0.5; 95% CI
0.3-1.0, P=0.07),(=10,000 vs. <5,000-1,000: OR 0.6; 95%
CI:0.4-0.9; P=0.04); and duration of ART (27-52 vs. =26: OR

PLOS ONE | www.plosone.org

3.0; 95% CI 2.0-4.5; P<0.01), (>52 vs. =26: OR 2.6; 95% CI
1.5-4.6; P<0.01).

Discussion

As of 2009, a change occurred in the AIDS epidemic in China
as sexual contact became the leading transmission route over IDU,
exacerbating the difficulty of AIDS prevention due to the
migratory nature of sex workers and their multiple sexual partners.
With the implementation of free ART across the nation at
approximately the same time, an increasing number of HIV/
AIDS individuals infected through sexual contact accepted free
ART [7]. This resulted in the spread of drug-resistance strains
(developed after ART) from sex workers to the general population.
In addition, an argument could be made that the spread of HIV
drug-resistance would be higher among ART individuals because
of a more ‘relaxed’ attitude towards HIV because they may think
that their disease is under control.

Yunnan, the golden triangle border of drug trade due to its
complicated geographical environment, has become the region
with the highest prevalence of AIDS epidemic in China, where
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sexual contact has become the leading transmission route due to
the influx of a large number of sex workers across the borders [10—
11]. Therefore, the prevalence of AIDS rose with the flourishing of
commercial sexual activity. Indeed, the characteristics of these
migrant workers are as follows: young, mainly male, poorly
educated, and frequent participants in the sex trade. Thus, we
speculate that this population likely plays an important role in
accelerating the spread of HIV/STIs due to the lack of using any
protective measures during sexual intercourse [15]. Previously
published studies provide further supporting evidence that the
transmission probability from HIV-infected males to female sex
workers was 0.2% (95% CI: 0.0014-0.0032) [16]. The prevalent
ratios of HIV infection in female sex workers, men who have sex
with men (MSM), and pregnant women rose drastically from 0.5%
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Table 1. Demographic characteristics of individuals in the study.
Characteristic Individuals Number (%)

Naive (n=94) ART (n=515) Cumulative (n=609)
Age, median year s(IQR?) 39.3 (26-57) 36.2 (4-74) 38.5 (4-74)
Gender
Male 51 (54.3) 315 (61.2) 366 (60.1)
Female 43 (45.7) 200 (38.8) 243 (39.9)
Median CD4+ T cell count, cells/uL (IQR)* 157 (11-317) 193 (2-1140) 177 (2-1140)
Median VL, RNA(Igcopies/ml) (IQR) 4.5 (2.5-6.2) 4.3 (3.0-5.9) 44 (2.5-6.2)
HIV subtypes/CRFs
CRF07_BC 18 (19.2) 91 (17.7) 109 (17.9)
CRF08_BC 40 (42.6) 276 (53.6) 316 (51.9)
B 1(1.1) 48 (9.3) 49 (8.1)
CRFO1_AE 26 (27.7) 91 (17.7) 117 (19.2)
Unknown subtype/CRF 9 (9.6) 9(1.8) 18 (3.0)
Risk of HIV infection
Heterosexual* 73 (77.7) 256 (49.7) 329 (54.0)
Homosexual 1 (11.7) 5(1.0) 16 (2.6)
IDU® 0 198 (38.5) 198 (32.5)
Blood 0 17 (3.3) 17 (2.8)
Others/Unknown 10 (10.6) 39 (7.6) 49 (8.1)
Ethnicity
Han 40 (42.6) 396 (76.9) 406 (66.7)
Dai 18 (19.2) 27 (5.2) 45 (7.4)
Jingpo 13 (13.8) 24 (4.7) 37 (6.1)
Wa 5(5.3) 17 (3.3) 22 (3.6)
Hui 7 (7.5) 12 (2.3) 19 (3.1)
Yi 2 (2.1) 11 (2.1) 13 (2.1)
Hani 1(1.1) 8 (1.6) 9 (1.5)
Bai 2(2.1) 4 (0.8) 6 (1.0)
Zhuang 1(1.1) 3 (0.6) 4(0.7)
Miao 1(1.1) 2 (0.4) 3(0.5)
Lahu 1(1.1) 2 (0.4) 3 (0.5)
Weiwuer 1(1.1) 1(0.2) 2(0.3)
Naxi 0 (0.0) 1(0.2) 1(0.2)
Unknown 2(2.7) 6(1.2) 8(1.3)
Note: ?IQR, interquartile range;
DU, intravenous drug use; the proportion of FSWs was 86.8% (211/243) in the female group.
doi:10.1371/journal.pone.0072630.t001

in 1995 to 4.0% in 2007, 4.0% in 2005 to 13.2% in 2007 and
0.2% in 1992 to 0.5% in 2007, respectively [9]. In addition, the
study reported that 59.0% of their study population (44.3%
heterosexual and 14.7% homosexual) acquired HIV through
sexual contact as the main transmission route [4], suggesting that
strategies to control and prevent the spread of HIV among
individuals engaged in sexual service would be crucial for the
subsequent work. It has also been demonstrated that the FSWs
played an important role among female individuals because they
constitute a high percentage of the female individuals.

With the comprehensive implementation of free ART initiated
by the National Free Antiretroviral Treatment Manual across the
nation, studies associated with resistance were conducted. The
reports showed that 34.2% of former paid blood donor individuals
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Figure 2. The regimens of ART individuals in the study.
doi:10.1371/journal.pone.0072630.g002

in the Henan province [17] had at least one drug-resistance
mutation to one antiviral drug, 23.7% were cross-resistant to
NRTIs and NNRTIs after a 12-month duration and the
prevalence of drug resistance in the ART individuals in a cross-
section survey from 2004 to 2006 in the Hubei province [18]. In
the present study, the prevalence of drug resistance was lower
(2.1%) in the therapy-naive than the ART-failure individuals,
which was consistent with the results reported in the domestic
study [19-20]. However, resistant strains were detected in 45.1%
of the ART-failure individuals, implying that this high prevalence
closely correlated with the widespread use of ART drugs.
Additionally, our study demonstrated that the duration of ART
positively correlated with increasing incidence of HIV-1 drug-
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resistant strains. i.e., the longer the duration of ART, the higher
the probability of developing drug-resistance. Therefore, we
conclude that the higher prevalence of HIV drug-resistant strains
was found in individuals who exhibited lower adherence and
longer duration of ART because it is difficult for individuals with
AIDS to maintain strict adherence with painful side effects and
long-term lifelong medication therapy.

As sexual contact was found to be the most common
transmission route, sex workers would exacerbate the spread of
HIV drug-resistant strains along with accelerating the spread of
HIV in contrast with transmission of IDU. To prevent and control
the spread of HIV among the IDUs, methadone maintenance
treatment clinics were started in 2004 in China and generalized

[ Intermediate-level resistance
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Figure 3. Antiretroviral drug resistance levels among the ART-failure individuals in the Yunnan province in 2010-2011. Note: DRV/r,
darunavir with ritonavir; LPV/r, lopinavir with ritonavir; TPV/r, tipranavir with ritonavir; ABC, abacavir; FTC, emtricitabine; ETR, etravirine; DLV,

delavirdin.
doi:10.1371/journal.pone.0072630.g003
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Table 2. The proportion of drug-resistance in ART-failure
individuals according to drug classes.

Drug classes® Cases Proportion (%)
Pls 6 1.2

NRTIs 4 0.8

NNRTIs 76 14.8

Dual resistance to Pls and NRTIs 1 0.2

Dual resistance to Pls and NNRTIs 1 0.2

Dual resistance to NRTIs and NNRTIs 138 26.8

Multiple resistance to Pl, NRTI and NNRTI 6 1.2
Susceptibility 283 55.0

Note: ®Pls, Protease inhibitors; NRTIs, Nucleoside reverse transcriptase inhibitors;
NNRTIs, Non-nucleoside reverse transcriptase inhibitors; the drug classes were
exclusive of each other in the study population.
doi:10.1371/journal.pone.0072630.t002

across the nation, which has been proven to be a cost-effective
intervention for reducing HIV transmission and mortality due to
better adherence among the IDUs [21-23] resulting in lower HIV
drug resistance lower than in individuals infected through sexual
contact. The possible cause for the high prevalence of HIV drug
resistance among the individuals infected through transfusions was
the longer duration of free-ART among these individuals than
individuals infected through sexual contact and IDU as free ART
was firstly initiated in these individuals [3].

Prevalence of Drug-Resistant HIV in Yunnan

The low CD4 T cell counts (below 200 cells/L) showed a close
correlation to the development of drug-resistant strains besides
having a great impact on the risk of mortality [24]. This provided
evidence for the monitoring of drug-resistance strains using CD4
T cell counts in the implementation of ART. An interesting
phenomenon in this study was that the high risk of HIV drug
resistance associated with VL occurred within 5,000—1,000
copies/ml. In defective viruses, the replication capacity of HIV
drug resistant strains would be decreased during a course of viral
DNA synthesis in contrast to the wild-type HIV virus, which has
been proven by the published papers [25-28]; therefore, we
deduced that the correlation about the high risk factor between the
drug resistance of HIV and VL was negative.

China is a multiethnic nation and the inherent culture and
religion are inherent within the minority ethnicities. The
investigation conducted in southern provinces of China showed
that drug abuse and use of condoms were regarded as “deviant
behaviors” among the local minority because of their inherent
culture and religion, which made prevention and control of HIV/
AIDS more difficult due to the discrimination against drug abusers
and rejecting usage of condom [29-33]. This predicament was
also faced in other countries [34]. Different ethnic groups in
Yunnan have their own national identities. Government and folk
organizations have attempted to block the spread of HIV based on
religious beliefs in some minority regions, but this has had little
success because unprotected sexual behavior has been advocated
among individuals with AIDS [35]. The result in this study showed
that the occurrence of drug resistance significantly correlated with
ethnicities, and in particular the ethnic minority in contrast to the
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Table 3. Prevalence of drug-resistance mutations between the therapy-naive (n=94) and ART-failure population (n=515) in the
Yunnan province in 2010-2011.
Protease inhibitor Nucleoside reverse transcriptase inhibitor Non-nucleoside reverse transcriptase inhibitor
Mutations Frequency (%) Mutations Frequency (%) Mutations Frequency (%)
Naive (n=94) ART-failure (n=515) Naive (n=94) ART-failure (n=515) Naive (n=94) ART-failure (n=515)
L10F 0.0 0.6 M41L 0.0 3.7 A98G 0.0 2.1
ARl 0.0 1.0 K65R 0.0 0.2 K101Q 0.0 1.4
L23I 0.0 0.2 D67TG 0.0 0.8 K101E 0.0 37
D30N 1.1 0.0 D67N 0.0 39 K103N 0.0 19.2
L33F 0.0 1.2 T69D 0.0 1.0 K103R 0.0 29
M46IL 0.0 0.8 T69ins 1.1 0.0 V106A 0.0 221
Q58E 0.0 1.0 K70R 0.0 4.5 V106 M 0.0 29
L76V 0.0 0.4 L741 0.0 0.2 V108l 0.0 29
V82A 0.0 0.4 V75TAM 0.0 1.6 E138GQ 0.0 1.0
V82F 0.0 0.2 F116Y 0.0 0.2 Y181V 0.0 0.6
184V 0.0 0.2 Q151™M 0.0 0.6 Y181C 0.0 11.8
N88D 0.0 0.2 M184VI 0.0 28.2 Y188L 0.0 0.8
LoomMm 1.1 0.0 L210W 0.0 1.2 Y188C 0.0 0.8
T215Y 0.0 27 Y188F 0.0 0.2
T215F 0.0 4.1 G190S 0.0 0.6
K219Q/E 0.0 5.1 G190A 0.0 124
P225H 0.0 29
F227L 0.0 1.2
M230L 0.0 1.9
K238T 0.0 1.0
doi:10.1371/journal.pone.0072630.t003
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Han majority. We assumed that the HIV resistance strains could
quickly spread due to the higher risk of unprotected sexual
behavior and the discrimination against drug abuse once they
occur in minority individuals with AIDS.

The present study also has limitations. In particular, the fact
that our study was based on a self-report questionnaire that
included some questions about the characteristics of individuals
and information on ART, which were completed verbally by
individuals themselves. Judging the meaning of the data on
adherence is difficult because we cannot confirm the accuracy. In
addition, therapy-naive samples were difficult to collect in this
study due to the wide availability of free ART therapy. Thus, the
therapy-naive samples used in this study may not provide an
appropriate control for all tested regions, and our drug resistance
analysis might therefore deviate from actual numbers. A higher
correlation between the minority ethnicities and the prevalence of

PLOS ONE | www.plosone.org

Table 4. Factors associated with HIV drug resistance among the ART-failure individuals.
Factors Resistance% (N) Crude OR® (95% Cl)  P-value Adjusted OR(95% Cl)  P-value
Total 45.1 (232)
Gender
Male 43.2 (136) 1.00 0.27
Female 48.0 (96) 1.2 (0.9, 1.8)
Ethnics
Han 42.2 (167) 1.00 0.01 1.0 0.04
Others 54.6 (65) 1.7 (1.2, 2.6) 1.6 (1.0, 2.5)
Age (years) 0.36
<18 60.7 (17) 1.00
18-44 45.0 (174) 0.5 (0.2, 1.2)
=45 44.2 (41) 0.5 (0.2, 1.2)
Transmission route
Sexual contact 47.1 (123) 1.0 0.02 1.0 <0.01
Drug injection 389 (77) 0.7 (0.5, 1.1) 0.6 (0.4, 0.9)
Transfusion or other 57.1 32) 1.7 (0.9, 3.0) 2.0 (1.0, 4.0)
CD4 counts
<200 53.5 (139) 1.0 <0.01 1.0 <0.01
200-349 37.9 (88) 0.5 (0.4, 0.8) 0.5 (0.4, 0.8)
=350 353 (5) 0.5 (0.2, 1.3) 0.3 (0.1, 1.0)
VL
<5,000-1,000 57.5 (64) 1.0 0.02 1.0 0.04
5,000-9,999 44.9 (134) 0.6 (0.4, 0.9) 0.5 (0.3, 1.0)
=10,000 34.7 (34) 0.4 (0.2, 0.7) 0.6 (0.4, 0.9)
ART regimens
AZT/3TC/NVP 44.8 (98) 1.0 0.08
d4T/3TC/NVP 54.6 (78) 1.4 (0.9, 2.2)
AZT/3TC/EFV 38.5 (30) 0.8 (0.5, 1.3)
d4T/3TC/EFV 51.2 (21) 0.9 (0.5, 1.8)
Others® 14.7(5) 0.5 (0.2, 1.2)
Duration of ART(months)
=26 31.7 (68) 1.0 <0.01 1.0 <0.01
27-52 56.9 (123) 29 (1.9, 4.2) 3.0 (2.0, 4.5)
>52 53.9 (41) 2.5 (1.5, 4.3) 2.6 (1.5, 4.6)
Note: ?AZT/3TC/LPV/r, TDF/3TC/LPV/r, ABC/3TC/LPV/r, and d4T/3TC/LPV/r were included.
POR, Odds Ratio.
doi:10.1371/journal.pone.0072630.t004

HIV drug-resistance was found in this study. Genetic differences
between the Han majority and the minority populations are likely
and further studies are required on this issue.

In conclusion, the prevalence of HIV-1 drug-resistance in the
ART-failure individuals of the Yunnan Province likely keeps them
in a hyper-endemic state, especially for individuals that received
free first-line ART drug therapy. Developing strategies to
effectively optimize these regimens in local regions and promote
adherence to long-term medication will be an arduous task, but
will be important and of great significance to improve AIDS
prevention and control.
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Materials and Methods

Ethics Statement

Plasma samples were collected at the Yunnan Provincial
Hospital of Infectious Disease. Written informed consent was
obtained from every participant before blood sample donation.
The study was revised and approved by the Ethics Committee of
the Institutional Review Board of the Academy of Military
Medical Sciences.

Individuals

Between January 2010 and December 2011, a cross-sectional
study was conducted between the naive-therapy individuals and
individuals who accepted the free ART for over 12 months. Self-
reported demographic data were collected via a verbal question-
naire administered before sample donation. VL was measured
with the NucliSENS EasyQ) HIV-1 assay (Biomérieux, Lyon,
France), and FACS analysis evaluating CD4 T cell counts were
performed for each individual. ART-failure individuals were
selected on the criteria that VL was more than 1000 copies/mL
after 12 months of treatment. Then, HIV genotyping test was
conducted on these selected individuals. The administration of
ART, the delivery of antiviral drugs and the collection of plasma
specimens were mainly depended on the local centers for disease
control and prevention and the hospital for infectious disease. The
evaluation of adherence was derived from the self-report
questionnaire, which indicated missing doses of antiviral drugs
during the treatment course. Most treatment naive individuals
recruited in this study accepted the free ART immediately after
the baseline determination of theirs low CD4 counts (<200 cells/
ul) and development of clinical symptoms.

HIV Genotyping Drug Resistance Determination

A fragment of the HIV pol gene comprising the whole protease
and 300 codons of the reverse transcriptase (RT) was bulk-
sequenced from plasma HIV RNA using an in-house method
developed in core laboratories that design tests for drug-resistant
HIV strains in China. The test was conducted using two primer
sets (Table S1). A two-step PCR amplification was performed to
detect HIV-1 pol gene mutations. All samples were first tested
using Primer Set I. RT-PCR was conducted using a one-step RNA
PCR kit (TaKaRa Biotechnology Co. Ltd.). DR1-1 and DR1-2
(20 uM) were used as the forward and reverse primers,
respectively. The PCR conditions were as follows: RNA was
denatured at 65°C for 30 s, the reaction mixtures were added at
4°C, the samples were incubated at 50°C for 30 min and 94°C for
2 min, and the samples underwent 35 cycles of 94°C for 30 s,
55°C for 30 s and 72°C for 150 s. The second round was
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performed according to the following procedure in 50 PL reaction
mixtures, each containing 25 UL of Premix Taq (Takara
PerfectShot™ Ex Taq), 1 uL each of DR1-3 and DR1-4 primer
(20 uM), 5 uL of the Primer Set I product and 18 pL. ddH,O.
The reactions were carried out for 35 cycles at 94°C for 30 s, 63°C
for 63 s and 72°C for 150 s. The samples not detected by agarose
gel electrophoresis were amplified using Primer Set II and the
same reaction conditions as Primer Set I.

Genotyping drug resistance analyses of the mutations found in
our study were carried out against protease inhibitors (PLs), NRTTs
and NNRTIs using the Stanford HIV drug resistance database
algorithm, and sequence quality was assessed using the WHO
sequence quality-assessment tool. HIV subtype was performed
using the Stanford calibrated population resistance tool. In
addition, phylogenetic analysis and Simplot software, version
3.5.1, were used to further characterize unique recombinant
forms.

Data Analysis

All data were analyzed using SPSS for Windows Version 14.0
(SPSS, Chicago, IL, USA). Descriptive statistics were generated for
each of the variables corresponding to specific questions in the
survey. Chi-square tests were conducted to compare basic
characteristics between the two groups. A multivariable logistic
regression analysis model was used to identify factors associated
with drug resistance. A stepwise approach was used for variable
selection in multivariate regression model. Variables exhibiting a
statistically significant association (P<<0.05) with drug resistance in
bivariate analyses were also evaluated. All statistical tests were two-
sided with statistical significance defined as a value of P<<0.05.

Supporting Information

Table S1 Primers for determining of HIV genotyping
drug resistance.

(DOC)

Acknowledgments

We are grateful to the staff of the Yunnan Provincial Hospital of Infectious
Disease, who gave their time so willingly to provide the study data.

Author Contributions

Conceived and designed the experiments: HL. MZ SY JL. Performed the
experiments: WG LL YL XW TL. Analyzed the data: DZ. Wrote the
paper: HL. Detection of CD4 and finished viral load: ZB. Provided some
materials: SL.

7. Luo L, Li TS (2011) Overview of antiretroviral treatment in China:
advancement and challenges. Chin Med J (Engl) 124: 440-444.

8. Liao L, Xing H, Dong Y, Qin G, Ma Y, et al (2012) Surveys of Transmitted
HIV Drug Resistance in 7 Geographic Regions in China, 2008-2009. Clin
Infect Dis 54: $320-323.

9. Jia M, Luo H, Ma Y, Wang N, Smith K, et al (2010) The HIV epidemic in
Yunnan Province, China, 1989-2007. J Acquir Immune Defic Syndr 53: S34—
40.

10. Chow EP, Wilson DP, Zhang L (2011) What is the potential for bisexual men in
China to act as a bridge of HIV transmission to the female population
Behavioural evidence from a systematic review and meta-analysis. BMC Infect
Dis 11: 242.

11. LiJ, Liu H, Li J, Luo J, Koram N, et al (2011) Sexual transmissibility of HIV
among opiates users with concurrent sexual partnerships: An egocentric network
study in Yunnan, China. Addiction 106: 1780-1787.

12. Sun X, Nan J, Guo Q (1994) AIDS and HIV infection in China. AIDS 8: S55—
59.

August 2013 | Volume 8 | Issue 8 | 72630



20.

21.

22.

23.

. Xia M, Kreiss JK, Holmes KK (1994) Risk factors for HIV infection among

drug users in Yunnan province, China: association with intravenous drug use
and protective effect of boiling reusable needles and syringes. AIDS 8: 1701
1706.

. Tu YQ, Wang M]J, Yao J, Zhu XM, Pan OL, et al (2009) Human

immunodeficiency virus-1 genotypic drug resistance among volunteer blood
donors in Yunnan, China.Transfusion 49: 1865-1873.

. Zhang Z, Wu Z, Poundstone KE, Yin W, Pang L,et al (2012) Unprotected sex

among HIV-positive treatment-secking opioid-dependent adults in China: a
cross-sectional study.Sex Transm Dis.39: 930-937.

. Ma WJ, Wang JJ, Reilly KH, Bi AM, Ding GW, et al (2010) Estimation of

probability of unprotected heterosexual vaginal transmission of HIV-1 from
clients to female sex workers in Kaiyuan, Yunnan Province, China. Biomed

Environ Sci 23: 287-292.

. Ruan Y, Xing H, Wang X, Tang H, Wang Z, et al (2010) Virologic outcomes of

first-line HAART and associated factors among Chinese patients with HIV in
three sentinel antiretroviral treatment. Trop Med Int Health 15: 1357-1363.

. Gong J, Wang XQ, Tong X, Shen XH, Yang RG (2011) Emerging trends of

drug-resistant HIV-1 among drug-treated patients in former blood donors in
Hubei, China: a three-year surveillance from 2004 to 2006.Virol Sin 26: 386
392.

. Liao L, Xing H, Shang H, Li J, Zhong P, et al (2010) The prevalence of

transmitted antiretroviral drug resistance in treatment-naive HIV-infected
individuals in China. J Acquir Immune Defic Syndr 53: S10-14.

Wang X, He C, Xing H, Liao L, Xu X, et al (2012) Short Communication
Emerging Transmitted HIV Type 1 Drug Resistance Mutations Among Patients
Prior to Start of First-Line Antiretroviral Therapy in Middle and Low
Prevalence Sites in China. AIDS Res Hum Retroviruses 28: 1637-1639.

Xing Y, Sun J, Cao W, Lee L, Guo H, et al (2012) Economic evaluation of
methadone maintenance treatment in HIV/AIDS control among injecting drug
users in Dehong, China. AIDS Care 24: 756-762.

Yang F, Lin P, Li Y, He Q, Long Q, et al (2013) Predictors of retention in
community-based methadone maintenance treatment program in Pearl River
Delta, China. Harm Reduct J 10: 3.

Xiao L, Wu Z, Luo W, Wei X (2010) Quality of life of outpatients in methadone
maintenance treatment clinics. J Acquir Immune Defic Syndr Suppl 1: S116
120.

PLOS ONE | www.plosone.org

24.

27.

28.

29.

30.

31.

32.

Prevalence of Drug-Resistant HIV in Yunnan

Mills EJ, Bakanda C, Birungi J, Yaya S, Ford N (2012) The prognostic value of
baseline CD4(+) cell count beyond 6 months of antiretroviral therapy in HIV-
positive individuals in a resource-limited setting. AIDS 6: 1425-1429.

. Martinez-Picado J, Martinez MA (2008) HIV-1 reverse transcriptase inhibitor

resistance mutations and fitness: a view from the clinic and ex vivo. Virus Res

134: 104-123.

5. Imamichi T, Berg SC, Imamichi H, Lopez JC, Metcalf JA, et al (2000) Relative

replication fitness of a high-level 3’-azido-3'-deoxythymidine-resistant variant of
human immunodeficiency virus type 1 possessing an amino acid deletion at
codon 67 and a novel substitution (Thr—>Gly) at codon 69. J Virol 74: 10958
10964.

Julias JG, Boyer PL, McWilliams MJ, Alvord WG, Hughes SH (2004) Mutations
at position 184 of human immunodeficiency virus type-1 reverse transcriptase
affect virus titer and viral DNA synthesis. Virology 322: 13-21.

Nikolenko GN, Palmer S, Maldarelli F, Mellors JW, Coffin JM, et al (2005)
Mechanism for nucleoside analog-mediated abrogation of HIV-1 replication:
balance between RNase H activity and nucleotide excision. Proc Natl Acad
Sci U S A 102: 2093-2098.

Zhang L, Zhu J, Rui B, Zhang Y, Zhang L, et al (2008) High HIV risk among
Uigur minority ethnic drug users in northwestern China. Trop Med Int Health
13: 814-817.

Fu Z, He N, Duan S, Jiang Q, Ye R, et al (2011) HIV infection, sexual
behaviors, sexual networks, and drug use among rural residents in Yunnan
Province, China. AIDS Behav 15: 1017-1025.

Deng R, Li J, Sringernyuang L, Zhang K (2007 )Drug abuse, HIV/AIDS and
stigmatisation in a Dai community in Yunnan, China. Soc Sci Med 64: 1560
1571.

Choi SY, Cheung YW, Jiang ZQ (2007) Ethnicity and risk factors in needle
sharing among intravenous drug users in Sichuan Province, China. AIDS Care

19: 1-8.

. Wang S, Keats D (2005) Developing an innovative cross-cultural strategy to

promote HIV/AIDS prevention in different ethnic cultural groups of China.
AIDS Care 17: 874-891.

Slesak G, Inthalad S, Kim JH, Manhpadit S, Somsavad S, et al (2012) High HIV
vulnerability of ethnic minorities after a trans-Asian highway construction in

remote northern Laos. Int J STD AIDS 23: 570-575.

. Wu F, Zhang KL, Shan GL (2010) An HIV/AIDS intervention programme

with Buddhist aid in Yunnan Province. Chin Med J (Engl) 123: 1011-1016.

August 2013 | Volume 8 | Issue 8 | 72630



