Send Orders for Reprints to reprints@benthamscience.net 441

Current HIV Research, 2019, 17, 441-451
RESEARCH ARTICLE

=mm

Current
HIV Research

Survey of Pretreatment HIV Drug Resistance and Genetic Transmission
Network Analysis Among HIV Patients in a High Drug-Use Area of
BENTHAM Southwest China

SCIENCE

Lei Liu', Aobo Dong', Lingjie Liao', Yi Feng', Yiming Shao', Shu Liang®, Yuhua Ruan'" and
Hui Xing"’

IState Key Laboratory for Infectious Disease Prevention and Control, Collaborative Innovation Center for Diagnosis
and Treatment of Infectious Diseases, and National Center for AIDS/STD Control and Prevention, Chinese Center for
Disease Control and Prevention, 155 Changbai Road, Changping District, Beijing, 102206, P. R. China; *Sichuan Pro-
vincial Center for Disease Control and Prevention, Chengdu, Sichuan, China

Abstract: Background: Pretreatment drug resistance (PDR) poses an increasing threat to the suc-
cess of antiretroviral treatment (ART) programs in China. We aimed to conduct a survey of PDR
among HIV patients in an area in Southwest China with extensive drug trafficking.

Methods: Consecutive cross-sectional surveys were conducted in Liangshan Prefecture of Sichuan
Province from 2009 to 2018 based on the WHO-recommended method. PDR was identified by test-
ing pol region sequences with the Stanford HIVdb algorithm (version 7.0). PDR prevalence and re-
lated factors were assessed by multivariable logistic regression. The transmission of HIV drug resis-
tance was analyzed using a genetic transmission network.

Results: HIV-1 pol genes from 1889 patients were successfully amplified. The distribution of HIV-
1 genotypes was as follows: CRF07 _BC (94.0%), CRF08 BC (2.3%), CRF01_AE (2.0%) and oth-
ers (1.4%). Of the participants, 6.9% (95% CI: 4.1-8.1%) had pretreatment resistance to 12 antiret-
roviral drugs recommended by the WHO, and nucleoside reverse transcriptase inhibitor (NRTI),
non-nucleoside reverse transcriptase inhibitor (NNRTI) and protease inhibitors (PI) resistance were
identified among 1.4% (95% CIL: 0.7-3.4%), 5.8% (95% CI: 1.2-8.7%) and 0.4% (95% CI: 0.1-
3.0%) of the patients, respectively. In the multivariate logistic model, the prevalence of PDR was
1.52-fold higher among intravenous drug users (IDUs) than among patients infected by heterosexual
?002’] IS T0162X1 7668 191128101426 transmission (95% CI: 1.07-2.38; P=0.049), and the prevalence of PDR among patients diagnosed
from 2017-2018 was 2.03-fold higher than that among patients diagnosed from 2009-2016 (95% CI:
@ CrossMark 1.18-5.76; P=0.018). A total of 26 clusters containing PDR and a rapidly growing drug resistance-
related cluster containing the E138Q and V179D mutations were identified by genetic transmission

network analysis.
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Conclusion: The results show a moderate overall level of PDR prevalence and rapidly growing
drug resistance over time. Preventive intervention should be focused on controlling the HIV epi-
demic among drug users, and surveillance is urgently needed to monitor the trend of PDR.
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1. INTRODUCTION people, and 1.0 million deaths from HIV-related causes
globally [1]. Antiretroviral (ARV) therapy (ART) can effec-
tively reduce viral load [2], restore immune function of HIV-
infected people [3, 4], reduce morbidity and mortality of
HIV-infected individuals [5-7], and improve their quality of
life [8]. The World Health Organization (WHO) has devel-

oped the “treat all” strategy, which recommends that all peo-

Acquired immunodeficiency syndrome (AIDS) is one of
the most devastating pandemics worldwide; in 2017, there
were, approximately 36.9 million people living with human
immunodeficiency virus (HIV), 1.8 million newly infected
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ple living with HIV receive ART shortly after diagnosis and
that high-risk groups receive prophylactic treatments [9].
However, HIV-1 has high genetic variability and rapid viral
replication [10, 11], which may result in drug resistance to
the ARV drugs used in ART under drug selective pressure
[12, 13]. One corollary of this fact may be that the incidence
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of resistance will increase in treated and ART-naive indi-
viduals [14, 15], affecting the ability of ARV drugs to block
HIV replication [16, 17]. In the 2017 WHO HIV drug resis-
tance report, among the 11 countries reporting nationally
representative survey data, the prevalence of pretreatment
drug resistance (PDR) was greater than 10% in six countries,
and greater than 15% in two countries [18]. In response to
concerns about the increasing prevalence of PDR, the WHO
developed a global HIV drug resistance (HIVDR) prevention
strategy that recommends monitoring the level of PDR and
the factors associated with the emergence of PDR.

The first AIDS case in China was diagnosed in 1985, and
861,042 people nationwide were reported to be living with
HIV/AIDS by the end of 2018. Free ART was started in
2003 in China [19], and the population recommended to re-
ceive this treatment according to the national ART guide-
lines has changed over the years from patients with CD4
counts <200, to those with CD4 counts <350 in 2012, to
those with CD4 counts <500 in 2014, to all HIV-diagnosed
individuals under the current guidelines. Successful imple-
mentation of these recommendations will likely reduce the
mortality among adult patients in China [20] and the number
of infected individuals but will also increase HIVDR in
China [21, 22]. Although the prevalence of HIVDR among
HIV-infected individuals remains low in most areas of
China, some recent reports have indicated moderate levels in
specific cities [23-25]. Therefore, understanding the resis-
tance of the virus to antiretroviral drugs is very important to
further guide the selection of antiretroviral drugs in clinical
settings.

Liangshan Prefecture, located in Sichuan Province,
Southwest China has a population of 4.7 million and a total
of 41,623 cases of HIV infection; 21,232 patients receiving
ART were reported by the end of 2016. Liangshan is one of
the most severely AIDS-affected areas in China [26-29];
Liangshan is a major drug transportation route linking Yun-
nan and Guangxi with Xinjiang [30], and previous studies
have shown a high prevalence of HIV-1 infection among
intravenous drug users (IDUs) [31, 32]. However, there is a
shortage of data on PDR and other molecular epidemiologi-
cal data regarding the HIV epidemic in Liangshan. In this
study, we conducted a survey of HIV drug resistance based
on the WHO HIVDR surveillance protocol to assess the level
of PDR in recent years in Liangshan. To explore the trend of
viral transmission, a genetic transmission network was con-
structed. These findings provide valuable implications for
good practice in planning treatments for people living with
HIV.

2. METHODS
2.1. Patients and Samples

A cross-sectional survey was conducted in Liangshan;
the survey protocol was taken from the WHO-recommended
cross-sectional survey on HIVDR [33]. Eligibility criteria
were as follows: diagnosed between 2009 and 2018; aged >
18 years; candidates for the initiation of ART at the time of
enrollment; and provided signed written informed consent.
Patients who met the criteria were randomly recruited into
this study. Patients’ demographic information, including sex,
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age, marital status, ethnicity, education status, and transmis-
sion route, were collected from the National HIV/AIDS
Comprehensive Response Information Management System,
which is a web-based real-time database system managed by
the National Center for AIDS/STD Control and Prevention
(NCAIDS) of the Chinese Center for Disease Control and
Prevention (CDC) [34]. Plasma samples were collected in
accordance with standard procedures [35, 36] by laboratory
personnel of the local Center for Disease Control and Pre-
vention (CDC) and were delivered under constant refrigera-
tion to a laboratory at NCAIDS, China CDC, where HIVDR
genotyping was performed [36].

2.2. Amplification and Sequencing of HIV-1 pol Gene
Fragments

Plasma HIV RNA was quantified with real-time NASBA
(NucliSense Easy Q, BioMerieur, France) according to the
manufacturer’s recommendations. A nested polymerase
chain reaction (PCR) was used to amplify the HIV-1 pol
gene fragments spanning the protease gene from codons 1 to
99 and part of the reverse-transcriptase gene from codons 1
to 252, as described by Liao ef al., [37]. Amplified nucleic
acid fragments were sequenced, and the obtained sequences
were trimmed and assembled by Sequencher 4.8 analysis
software (Gene Codes Corporation, USA) and aligned using
Bio Edit v.7.2.

2.3. HIV-1 Subtyping and Drug Resistance Mutation
Analysis

The edited sequences were aligned with HIV-1 reference
sequences available in the Los Alamos database
(http://www.hiv.lanl.gov). HIV-1 subtypes and circulating
recombinant forms (CRFs) were identified based on in-house
phylogenetic analysis [38], Phylogenetic trees were con-
structed through the neighbor-joining method based on the
Kimura two-parameter model with 1000 bootstrap replicates
using MEGA [39] (Molecular Evolutionary Genetic Analysis
Software, Version 6.0).

All HIV-1 pol region sequences were submitted to the
online analysis interface of the Stanford University HIV
Drug Resistance Database online sequence analysis tool
(http://hivdb.stanford.edu/), and drug resistance to nucleo-
side reverse transcriptase inhibitors (NRTIs), non-nucleoside
reverse transcriptase inhibitors (NNRTIs), and protease in-
hibitors (PIs) was defined as the detection of at least one
ARV drug in any drug class according to the WHO surveil-
lance drug resistance guideline list [40, 41].

2.4. Genetic Transmission Network Analysis

Sequences were excluded when the sequences contained
>5% ambiguities. The Tamura-Nei 93 (TN93) pairwise ge-
netic distance was calculated for each pair of sequences [42].
The genetic distance threshold that could identify the maxi-
mum number of clusters in the genetic network was chosen
for analysis [43]. When the genetic distance between the two
sequences was below the distance threshold, it was taken to
indicate a transmission partner. For visualization and analy-
sis, the network data were processed using the Cytoscape
3.5.2 software.
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2.5. Statistical Analysis

Categorical variables were described by numbers and
percentages, while continuous variables were calculated as
the mean + standard deviation (SD). A univariate logistic
and stepwise multivariate logistic regression model were
constructed to analyze the factors that were independently
associated with drug resistance. P-values < 0.05 were con-
sidered statistically significant, and all tests of significance
were two-sided. All data were analyzed using Statistical
Analysis System version 9.1 (SAS Institute Inc., USA).

3. RESULT
3.1. Demographic Characteristics

This survey included 1889 patients newly diagnosed in
the period from 2009 to 2018. All of these individuals were
treatment-naive patients when the samples were collected.
The patients ranged from 18 to 90 years old, with a mean age
of 34.1+10.8 years and a male-to-female ratio of 1.3:1. The
majority of the subjects were of Yi ethnicity (82.5%); 66.1%
of the individuals in this study were married, 48.1% were
illiterate, and 49.0% and 32.1% were infected through het-
erosexual intercourse and intravenous drug use, respectively
(Table 1).

Table 1. Demographic characteristics of the pretreatment
HIV patients in Liangshan, China.
Characteristic Number %
Total 1889 100.0
Age (years)
16-29 705 373
30-49 1018 53.9
>50 162 8.6
Unknown 4 0.2
Sex
Male 1044 553
Female 837 443
Unknown 8 0.4
Ethnicity
Han 155 8.2
Yi 1559 82.5
Other or unknown 175 9.3
Education
Illiterate 907 48.1
Primary or Junior high 402 213
school
Senior high school or higher 130 6.9
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Unknown 450 23.8

Route of transmission

Heterosexual transmission 925 49.0
IDU 606 32.1
Homosexual transmission 12 0.6
Mother to children 3 0.2
Blood transfusion 2 0.1
Unknown 341 18.1

Marital status

Single 303 16.1
Married 1245 66.1
Divorced/Widowed 95 5.0
Unknown 246 12.8

Sampling year

2009-2015 249 13.2
2016 288 15.3
2017 670 35.5
2018 682 36.1

3.2. HIV Subtype and Prevalence of PDR

Among the study subjects, CRF07 BC was found to be
the most common genotype (94.0%, 1776/1889), followed
by CRF08 BC (2.3%, 44/1889) and CRFO01 AE (2.0%,
37/1889). Other subtypes/CRFs included subtype BC (0.5%,
9/1889), CRF07 08 (0.4%, 8/1889), CRF01 BC (0.4%,
7/1889), subtype BC (0.2%, 3/1889) and CRF01 07 (0.1%,
2/1889). In addition, CRF62 BC, CRF85 BC and
CRF55_01B were found in one case each.

The overall prevalence of PDR from 2009-2018 was
6.9% (130/1889; 95% confidence interval (CI): 4.1-9.2%).
NRTI, NNRTI and PI resistance were identified among 1.4%
(26/1889; 95% CI: 0.7-3.4%), 5.8% (109/1889; 95% CI: 1.2-
8.7%) and 0.4% (7/1889; 95% CI: 0.1-3.0%) of the patients
(Table 2). The rates of PDR among patients diagnosed in
2009-12, 2013-15, 2016, 2017 and 2018 were 3.1% (3/98;
95% CI: 0.0-6.5%), 2.8% (4/144; 95% CI: 0.1-5.5%), 5.5%
(15/273; 95% CI: 2.8-8.2%), 10.4% (63/607; 95% CI: 8.0-
12.8%) and 7.1% (45/637; 95% CI: 5.1-9.1%), respectively.
Thirty-one NRTI mutations were identified, of which the
most common were M184L/V (9.1%) and K70R/E (9.1%).
These mutations can cause high levels of resistance to NRTI
drugs: lamivudine (3TC) and emtricitabine (FTC); interme-
diate levels of resistance to tenofovir (TDF), stavudine
(DAT) and azidothymidine (AZT); and low levels of resis-
tance to abacavir (ABC) and didanosine (DDI). Among the
119 NNRTI mutations identified, the most common mutation
was K103N (45.5%), which can cause a high level of resis-
tance to efavirenz (EFV) and nevirapine (NVP), the two
ARV drugs that are the components of the WHO-
recommended first-line regimens. In addition, 8 PI mutations
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Table2. HIVDR mutations among pretreatment HIV patients with drug resistance.
Antiretroviral Drug Number (%) HIV Drug Resistance Mutations, N (%)
Total 130 (6.9) -
NRTIs* 26 (1.4) -
ABC* 11 (0.6)
AZT* 12 (0.6)
K65R,7 (0.4);M184L/V,9 (0.5);
D4T* 20 (1.1)
D67N,6 (0.3);K70E/N/R,10 (0.5);
DDI* 10 (0.5) K219E/R/Q,4 (0.2);L210W,1 (0.1);
e 10005 T215D/A/I/N4 (0.2);V75L,1 (0.1);
©3) M41L,1 (0.1)
3TC* 10 (0.5)
TDF* 10 (0.5)
NNRTIs” 109 (5.8) -
EFV* 100 (5.3) A98G,1 (0.1);E138G/Q,8 (0.4);F227L.4 (0.2);G190A/E/R,8 (0.4);
H221Y,8 (0.4);K101E/P,7 (0.4);K103N,65 (3.4);K238T,1 (0.1);
NVP* 109 (5.8) L100L1 (0.1);M230L/L,2 (0.1);P225H,2 (0.1);V106M,9 (0.5);
V1081,2 (0.1);V179D/E/F,16 (0.8);Y 181C/F,7 (0.4); Y 188C/L/N,5 (0.3);
PIs° 7(0.4) -
ATV 5(0.2)
154M/V,3 (0.2);L10F,1 (0.1);147V,1 (0.1);
LPV* 5(0.2) L90M, 1 (0.1);Q58E,1 (0.1);
M46L,1 (0.1);V82A/I/S,3 (0.2)
DRV 1(0.1)

“ Nucleoside reverse transcriptase inhibitors, ® Non-nucleoside reverse transcriptase inhibitors, © Protease inhibitors. *Free drugs recommended in National Free Antiretroviral Treat-

ment Program (NFATP) in China.

were identified, of which the most common were 154V
(1.5%) and V82A/I (1.5%), which can lead to resistance to
darunavir (DRV), lopinavir (LPV) and atazanavir (ATV).

3.3. Factors Associated with HIV Drug Resistance

To determine the factors associated with drug resistance,
logistic regression analysis was conducted, and factors in-
cluding age at diagnosis, sex, ethnicity, marital status, educa-
tional level, and route of transmission were examined. Ac-
cording to the univariate logistic regression model, three
potential factors correlated with HIVDR (Table 3). In the
multivariate model, the following two factors were inde-
pendently correlated with PDR: the rate of PDR among IDUs
was 1.52-fold higher than that among patients infected by
heterosexual transmission (95% CI: 1.07-2.38; P=0.049);
furthermore, the rate of PDR among patients diagnosed in
2017-18 was 2.03-fold higher than that among patients diag-
nosed in 2009-16 (95% CI: 1.18-5.76; P=0.018). In addition,
an increased rate of PDR was found in other subtypes.
Among the 6 PDR cases classified as other subtypes, 5 cases
were 01 BC and 1 case was 07 08, and the PDR rates of
01 BC and 07_08 were 71.4% (5/7) and 12.5% (1/8), re-
spectively; however, no significant effects from other factors
were observed (P>0.05).

3.4. Drug Resistance-associated Genetic Transmission
Networks Analysis

This study removed 12 sequences that had a pol region
shorter than 900 bp and contained >5% ambiguities, leaving
1,877 sequences for genetic transmission network analysis.
A genetic transmission network was constructed using a ge-
netic distance threshold of 1.0% because this distance identi-
fies the maximum number of clusters in the genetic network.
In the analysis, 32.6% (611/1877) of people were identified
in clusters based on <1.0% patristic distance. There were 193
clusters consisting of different sizes ranging from 2 to 59
individuals; 72.0% were in pairs (139/193), 25.4% (49/193)
included 3-9 people, and 2.6% (5/193) were >10 people
(Fig. 1). Twenty-six clusters contained at least one individual
with HIVDR, including 5 (2.6%, 5/193), 19 (9.8%, 19/193)
and 1 (0.5%, 1/193) for NRTIs, NNRTIs and PIs, respec-
tively. In addition, 1 cluster contained one individual harbor-
ing dual classes of HIVDR, which conferred resistance to
both NRTIs and PIs (Fig. 1). No significant difference was
observed in the clustering rate between the individuals with
and without HIVDR (25.6% vs. 33.1%; P=0.082). Similarly,
factors such as sex, mode of transmission, education level
and ethnicity were not significantly correlated with access to
the genetic transmission network (P>0.05). However,
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Table3. Factors associated with pretreatment HIVDR among HIV patients.

Variable Number Drug Resistance, N (%) Crude OR (95%CI) P-value Adjusted OR (95%CI) P-value
Total 1889 130 (6.9) - - - -
Age (years) - - - - - -
16-29 705 47 (6.7) 1.0 - - -
30-49 1018 71(7.0) 1.05 (0.72-1.54) 0.804 - -
>50 162 12 (7.4) 1.12 (0.58-2.16) 0.736 - -
Sex - - - - - -
Male 1044 84 (8.1) 1.0 - - -
Female 837 46 (5.5) 0.67 (0.46-0.96) 0.031 - -
Ethnicity - - - - - -
Han 155 12 (7.7) 1.0 - - -
Yi 1559 104 (6.7) 0.85 (0.46-1.59) 0.613 - -
Others or unknown 175 14 (8.0) 1.04 (0.46-2.31) 0.931 - -
Education - - - - - -
Illiterate 907 57(6.3) 1.0 - - -
Primary or Junior high 487 40 (8.2) 1.34 (0.88-2.03) 0.178 - -
school
Senior high school or higher 45 4 (8.9) 1.95(0.50-4.21) 0.489 - -
Unknown 450 29 (6.4) 1.03 (0.65-1.63) 0.909 - -
Subtype - - - - - -
CRF07_BC 1776 118 (6.6) - - - -
CRF08_BC 44 6 (13.6) 1.97 (0.76-5.13) 0.076 - -
CRF01_AE 37 0(0.0) - 0.984 - -
Others 32 6 (18.8) 3.37(1.36-8.34) 0.001 - -
Route of transmission - - - - - -
Heterosexual transmission 925 56(6.1) 1.0 - - -
IDU 606 55(9.1) 1.49 (1.05-2.51) 0.034 1.52(1.07-2.38) 0.049
Homosexual transmission 12 1(8.3) 1.36 (0.22-12.75) 0.595 - -
Others or unknown 346 20 (5.8) 0.95 (0.56-1.67) 0.384 - -
Marital status - - - - - -
Single 303 14 (4.6) 1.0 - - -
Married 1245 86 (6.9) 1.53 (0.86-2.73) 0.149 - -
Divorced/Widowed 95 9(9.5) 2.16 (0.90-5.16) 0.083 - -
Unknown 246 21(8.5) 1.96 (0.98-3.94) 0.059 - -
Sampling time - - - - - -
2009-2016 537 22 (4.1) 1.0 - - -

2017-2018 1352 108 (8.0) 2.03 (1.27-3.26) 0.003 2.03 (1.18-5.76) 0.018
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Fig. (1). Pretreatment HIVDR and sex in the genetic transmission network. Colored nodes represent PDR, and different colors represent dif-
ferent categories of drugs (blue: NNRTIs, red: NRTIs, green: PIs, and yellow: NRTIs and Pls). Circles represent females, squares are males

and triangles are patients whose sex was unknown.

individuals infected with HIV in Xichang were more likely
to enter the network cluster than those in other regions
(40.6% vs. 29.3%; P=0.015).

To identify clusters that were rapidly growing, two ge-
netic transmission networks were also constructed for HIV-
infected people diagnosed from 2009-2016 and 2009-2017.
In the three transmission networks (2009-2016, 2009-2017
and 2009-2018), there were 4 (9.1%, 4/44), 15 (12.9%,
15/116) and 26 (13.5%, 26/193) transmission clusters con-
taining drug resistance mutations, respectively (Fig. 2).
Among them, the most common drug resistance mutation
was K103N, and a total of 12 HIV infection patients con-
tained this drug resistance mutation and were distributed in
10 transmission clusters. From 2016 to 2018, most of the
clusters containing drug resistance mutations did not show
rapid growth within the cluster, but one cluster formed in
2017 contained three HIV-infected people carrying E138Q
and V179D drug resistance mutations. In 2018, this cluster
grew to contain 7 HIV-infected people, and five of them
harbored the E138Q and V179D drug resistance mutations.
These five cases contained the E138Q and V179D resistance
mutations, leading to low-level resistance to EFV and NVP.

The other two cases also contained the V179D locus but re-
sulted only in potential resistance to EFV and NVP. Of those
cases, five were in Xichang, one was in Meigu and one was
in Butuo; four individuals were men infected by heterosexual
transmission, two individuals were women infected by het-
erosexual transmission and one individual was a man in-
fected with intravenous drug use.

4. DISCUSSION

In the present study, we analyzed the HIV-1 po/ gene se-
quences of 1889 patients with newly diagnosed HIV-1 infec-
tion who were treatment-naive in Liangshan from 2009-
2018. The overall prevalence of PDR among the studied
samples was 6.9%, and PDR in three years between 2016-
2018 achieved a moderate level (5%-15%) according to the
WHO categorization method [33]. The HIVDR rate was
higher than that of previous studies in Liangshan [44] and
other regions in China [38, 45]. However, the resistance rate
was lower than those in Kenya and Mexico, where PDR rates
were reported to be 21.9% and 15.5% [46, 47], respectively.
Many factors, including poor compliance with medication
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Fig. (2). Growth of clusters with drug resistance mutations by the year of sampling. Three genetic transmission networks were constructed for
HIV-infected people diagnosed from 2009-2016 (Fig. 2A), 2009-2017 (Fig. 2B) and 2009-2018 (Fig. 2C). Only transmission clusters contain-
ing drug resistance mutations are shown in the figures. Different colors represent different mutations, and red represents other mutations that
appeared only once in the network; we labeled them beside the nodes in the figures. Circles represent heterosexual transmission, squares are
IDUs and triangles are other methods or unknown. As shown in Fig. (2B), a cluster contained three nodes all carrying E138Q and V179D
drug resistance mutations formed in 2017 and grew to contain 7 nodes (Fig. 2C); in 2018, five harbored the mutations, which are marked in

pink.

and lack of testing for baseline resistance [48, 49], may be
among the major reasons for the increase in PDR in Liang-
shan. Several studies have shown that HIV-1-infected indi-
viduals with drug resistance can affect treatment responses to
first-line ARV therapies [35, 50-52]. PDR certainly reduced
the effect of antiviral therapy in Liangshan, therefore, it is
necessary to pay attention to the obstacle caused by PDR in
the prevention and control of HIV epidemics.

The most common drug resistance mutations detected in
the current study were against NNRTIs, and this finding is
consistent with the widespread use of this drug class as part
of China’s National ART Guidelines as the standard first-
line ART regimen [53, 54]. All first-line regimens contain
three antiviral agents, including two NRTIs and one NNRTI.
When the first-line treatment fails, the second-line regimen,
which consists of PIs, NRTIs and NNRTIs [55], is adopted.
The more widespread and longer use of NRTIs and NNRTIs
may be the major cause of the higher prevalence of resis-
tance to NNRTI than to PI in Liangshan. EFV and NVP,
which are both NNRTIs, had the highest drug resistance rate
in this study which was mainly caused by K103N, V179D,
V106M and E138G/Q mutations [56, 57]. NVP and EFV
both have some adverse effects [58-60], but studies showed
that they had an effective viral suppression effect in the
treatment of HIV-infected individuals [61, 62], and the 2015
Guideline for HIV/AIDS Treatment in China recommended
first-line ART drugs containing NVP or EFV. Given the high
rates of resistance to these drugs, drug resistance monitoring
is critical.

However, it was found that the PDR rate was higher in
those infected by injectable drug use. It has been shown that
high infection risk behaviors, such as sharing syringes and
needles, as well as participating in unprotected sexual inter-
course, are frequent among IDUs [63, 64]. Given this possi-
bility, the epidemiological linkage of the study participants
may have increased the rate of drug resistance detected in
this study. In addition, the PDR rate of patients diagnosed
from 2017-2018 in this study was higher than that of patients
diagnosed earlier. This result is mainly due to the increasing
coverage of antiviral treatment in the region and the increas-
ing number of people receiving antiviral treatment. This re-
sult has also been confirmed in the drug resistance monitor-
ing results carried out in other regions of China, where the
drug resistance rate increased with time [21, 23, 37]. In our
study, there was no association between age, sex, education
and CD4 count with PDR, similar to other studies [65, 66]. It
was also found that the PDR rate did not significantly differ
among the three main subtypes (CRF07 BC, CRF08 BC
and CRFO01_AE); however, in a previous study, HIV-1
CRF07 _BC showed distinctive resistance evolution path-
ways in which the mutations K103N, Q197K, V179D and
Y188L were the major resistance mutations [15]. Interest-
ingly, the PDR rate is higher in other subtypes, especially in
subtypes 01 BC and 07_08, and these recombinant subtypes
require further study and sustained attention.

This study used the maximum gene distance threshold to
construct a transmission network. The results of a study in
New York showed that the transmission relationship in the
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genetic transmission network established by this method was
consistent with that in the actual investigation [43]. In our
study, the region was the only factor that affected the cluster-
ing rate, and the clustering rate of individuals in Xichang, the
capital city of Liangshan Prefecture, was increased. This
result may be due to enhanced economic development and
transportation level of Xichang and to the high number of
migrants. As a result, individuals in Xichang were likely to
link to one another in the transmission network, similar to
the results of other studies [67, 68]. Interestingly, there was
no significant correlation between the transmission route and
the clustering rate. The main reason, in our assessment, is
that the line between those infected by injectable drug use
and those infected by heterosexual transmission is gradually
blurring in Liangshan [69, 70]. HIV has been transmitted
from IDUs to the general population through heterosexual
intercourse, and the HIV strains in the two groups are closely
related to each other. Therefore, two groups appeared to be
interconnected in the genetic transmission network, and there
is no significant difference in the clustering rate between the
two groups.

However, drug resistance and clustering in the transmis-
sion network were independent of each other, which is con-
sistent with the results of a study in Shijiazhuang [71]. The
clusters containing drug-resistant individuals in the genetic
transmission network accounted for 13.5% of the study
population, and the proportion increased over time, which
may be caused by an increase in the number of drug-resistant
individuals over time. The main reason that drug resistance
did not lead to an increase in the clustering rate may be that
the transmission capacity of drug-resistant strains is less than
that of nonresistant strains [72-74]. Second, some newly di-
agnosed HIV infections included in this study were not
newly acquired, and the nonresistant strains became the
dominant strains in their patients’ bodies [75], making it im-
possible to detect drug resistance mutations. In addition, the
study identified a rapidly growing drug resistance-related
cluster from 2017 to 2018, which contains the V179D muta-
tion or E138Q and V179D mutations. E138Q is a nonpoly-
morphic accessory mutation, and in most studies, it caused
low-level reductions in susceptibility to NVP, RPV, EFV
and ETR [76]. Since NVP and EFV are first-line antiviral
drugs in the region, attention should be paid to the antiviral
treatment of patients in this cluster. In order to prevent the
spread of the drug-resistant strain in the region, interventions
are necessary for those individuals.

This study also provided the latest update on the molecu-
lar diversity of HIV-1 among HIV-infected patients in
Liangshan. The results showed that CRF07_BC remained the
major circulating recombinant form, consistent with previous
studies in Liangshan [44, 77]. In 1989, the first HIV outbreak
among IDUs was reported in Yunnan, a southwestern prov-
ince bordering Burma (Myanmar) [78], and the CRFO7_BC
strains of Liangshan were introduced from Yunnan Province
[44]. There was no significant change in the HIV-1 subtype
distribution, suggesting that the transmission of HIV in this
region is common. However, recombinant subtype strains
that were not found in previous studies, such as 01 _BC, also
appeared. Continued studies on the source of the transmis-
sion of these new recombinant strains and their characteris-
tics are warranted.

Liu et al.

Our study has several limitations. First, our study did not
include individuals under 18 years of age; thus, the preva-
lence of PDR in this population is not known. Although we
selected the samples through random sampling, we obtained
only a portion of samples, which had a certain impact on the
representativeness of samples in our study. Second, we used
serum remaining from patients’ HIV diagnostic tests for
PDR surveillance; these specimens may not be representative
of drug resistance at the time of treatment. In another study,
there was no significant difference in the identified TDR
transmitted drug resistance (TDR) between serum collected
from diagnostics and baseline clinical samples [79]. How-
ever, further studies may be needed to compare these differ-
ences in PDR.

CONCLUSION

In summary, the study showed that the major circulating
recombinant form was CRF07 BC and that there was a
moderate PDR level among pretreatment HIV patients in
Liangshan. The prevalence of PDR increased over time and
was higher in IDUs than in other groups. PDR was identified
in a genetic transmission network, and a rapidly growing
drug resistance-related cluster was identified. These findings
provide important information about the prevalence of PDR
and the subtype distribution and may help guide the choice
of ART regimens to ensure the effectiveness of ART in pre-
venting the spread of HIV.
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