
ORIGINAL RESEARCH
published: 11 October 2021

doi: 10.3389/fpubh.2021.731280

Frontiers in Public Health | www.frontiersin.org 1 October 2021 | Volume 9 | Article 731280

Edited by:

Jun Chen,

Fudan University, China

Reviewed by:

Diling Chen,

Guangdong Academy of

Science, China

Dongshan Zhu,

Shandong University, China

*Correspondence:

Shu Liang

liangshu523@163.com

Shujuan Yang

rekiny@126.com

Peng Jia

jiapengff@hotmail.com

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Infectious Diseases - Surveillance,

Prevention and Treatment,

a section of the journal

Frontiers in Public Health

Received: 26 June 2021

Accepted: 02 September 2021

Published: 11 October 2021

Citation:

Yuan D, Yu B, Li Y, Wang Z, Liu M,

Ye L, Huang Y, Su L, Zhang Y, Api L,

Chen M, Zhou C, Liu L, Zhang L,

Liang S, Jia P and Yang S (2021)

Prevalence and Molecular

Epidemiology of Transmitted Drug

Resistance and Genetic Transmission

Networks Among Newly Diagnosed

People Living With HIV/AIDS in a

Minority Area, China.

Front. Public Health 9:731280.

doi: 10.3389/fpubh.2021.731280

Prevalence and Molecular
Epidemiology of Transmitted Drug
Resistance and Genetic
Transmission Networks Among
Newly Diagnosed People Living With
HIV/AIDS in a Minority Area, China
Dan Yuan 1†, Bin Yu 2†, Yiping Li 1, Zixin Wang 3, Meijing Liu 4, Li Ye 1, Yuling Huang 1,

Ling Su 1, Yan Zhang 1, Laze Api 5, Maogang Chen 6, Chang Zhou 1, Li Liu 1, Linglin Zhang 1,

Shu Liang 1*, Peng Jia 7,8* and Shujuan Yang 4,8*

1Center for AIDS/STD Control and Prevention, Sichuan Center for Disease Control and Prevention, Chengdu, China, 2West

China Second University Hospital of Sichuan University and Key Laboratory of Birth Defects and Related Diseases of Women

and Children (Sichuan University), Ministry of Education, Chengdu, China, 3Centre for Health Behaviours Research, The

Jockey Club School of Public Health and Primary Care, The Chinese University of Hong Kong, Hong Kong, SAR China,
4West China School of Public Health and West China Fourth Hospital, Sichuan University, Chengdu, China, 5 Butuo Center

for Disease Control and Prevention, Liangshan, China, 6 Liangshan Center for Disease Control and Prevention, Xichang,

China, 7 School of Resources and Environmental Science, Wuhan University, Wuhan, China, 8 International Institute of Spatial

Lifecourse Epidemiology (ISLE), Wuhan University, Wuhan, China

Introduction: Transmitted drug resistance (TDR) can compromise antiretroviral

therapy (ART) efficacy. We aimed to understand the molecular epidemiology of TDR

and its genetic transmission networks among newly diagnosed people living with

HIV/AIDS (PLWH).

Methods: A total of 1,318 newly diagnosed PLWH, identified in all population-based

HIV screening in an HIV-affected county of a minority area of China (i.e., Butuo county),

were enrolled between January 1, 2018, and November 31, 2018. HIV-1 pol gene

sequences were used for phylogenetic and genotypic drug resistance analyses. The

genetic transmission networks were identified.

Results: The prevalence of TDR among newly diagnosed PLWH was 8.12%

(107/1,318). Patients in the stage of AIDS (adjusted odds ratio, OR: 2.32) and who

had a history of sharing a needle ≥5 times (adjusted OR: 3.89) were more likely to

have an increased risk of TDR. The prevalence of TDR for non-nucleoside reverse

transcriptase inhibitors (NNRTIs) is higher than that of other inhibitors, with a relatively

high prevalence of three mutations [V179D/E/DE (4.93%), K103N/KN (3.11%), and

E138A/G (1.52%)]. A total of 577 (43.78%) pol sequences were involved in the

genetic transmission network, with 171 clusters ranging in size from 2 to 91 pol

sequences; 37.38% (40/107) of individuals carrying TDR were involved in the network,

and individuals with the same TDR-associated mutations were usually cross-linked.

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.731280
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.731280&domain=pdf&date_stamp=2021-10-11
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:liangshu523@163.com
mailto:rekiny@126.com
mailto:jiapengff@hotmail.com
https://doi.org/10.3389/fpubh.2021.731280
https://www.frontiersin.org/articles/10.3389/fpubh.2021.731280/full


Yuan et al. TDR Among PLWH in China

Conclusions: Our data suggest a relatively high level of TDR and many transmission

clusters among the newly diagnosed PLWH. Targeted intervention, early identification,

and monitoring of resistance are warranted to reduce the TDR and prevent HIV-1

transmission in areas with a high rate of HIV-1.

Keywords: antiretroviral therapy, HIV, mutations, transmitted drug resistance, molecular epidemiology

INTRODUCTION

The human immunodeficiency virus affected more than 37
million individuals worldwide, and there were approximately
0.85 million people living with HIV/AIDS (PLWH) in China as
of 2018. The number of PLWH in Sichuan has been increasing
dramatically in recent years, and a total of 161,456 PLWH cases
were reported in 2018. Liangshan Yi Autonomous Prefecture
(Liangshan), the largest traditional settlement of the Yi minority
people in China, has the highest prevalence of HIV. Butuo county
in Liangshan is one of the areas with the most serious HIV
epidemic in China (the prevalence of HIV was over 1% in recent
years) (1–3). Effective interventions are needed to reduce HIV
transmissions in this area.

Antiretroviral therapy (ART) is effective in suppressing
HIV, preventing the disease progression, and secondary HIV
transmission (4, 5). However, antiretroviral resistance remains to
be one of the barriers to sustaining HIV suppression during ART
(6, 7). According to the origin of drug-resistant virus strains in
vivo, resistance can be divided into transmitted drug resistance
(TDR) and acquired drug resistance (ADR). ADR is defined as
drug resistance that develops when HIV mutations emerge due
to viral replication in individuals receiving antiretroviral drugs
(8). TDR occurs when previously uninfected individuals are
infected with drug-resistant HIV strains, and TDR is detected in
PLWHwith no history of antiretroviral drug exposure (8). Severe
TDR is likely to occur in non-recently contaminated patients
(9, 10), and the policy of treating all PLWH decreases the risk of
transmission of resistant strains. The diversity of HIV-1 subtypes
and recombinants is thought to contribute to the TDR levels
(11). TDR may not only increase the risk of virologic failure
on ART but also lead to the spread of drug-resistant strains,
bringing a challenge in eliminating HIV. Therefore, TDR should
be an intensive focus in HIV surveillance to prevent the spread of
drug-resistant strains.

Abbreviations: HIV, Human immunodeficiency virus; AIDS, Acquired Immune
Deficiency Syndrome; ART, Antiretroviral therapy; PLWH, People living with
HIV; TDR, Transmitted drug resistance; LAg EIA, Lag-Avidity EIA; RT-
PCR, Reverse transcription-polymerase chain reaction; OR, Odds ratios; CI,
confidence interval; NNRTI, nonnucleoside reverse transcriptase inhibitor;
NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor;
TDF, Tenofovir; 3TC, Lamivudine; NVP, Nevirapine; EFV, Efavirenz; AZT,
Zidovudine; LPV/r, Fosamprenavir/ritonavir; ATV/r, Atazanavir/ritonavir;
DRv/r, Darunavir/ritonavir; FPV/r, Fosamprenavir/ritonavir; IDV/r,
Indinavir/Ritonavir; NFV, Nelfinavir; SQV/r, Ritonavir-boosted saquinavir;
TPV/r, Tipranavir/ritonavir; ABC, Abacavir; D4T, Stavudine; DDI, Didanosine;
FTC, Emtricitabine; ETR, Etravirine; RPV, Rilpivirine.

Genetic transmission networks are mainly focused on similar
viruses with similarities and connections. Genetic distance-
based methods describe a putative transmission link to any
pair of viral sequences that are within a predetermined genetic
distance threshold (12–14). The genetic relatedness of HIV-1
could partly reflect the unobserved relationship between PLWH
in combination with an epidemiologic investigation, and the
spread of TDR among them, based on which the potential genetic
transmission networks can be referred (15, 16). Analysis of the
genetic transmission networks among newly diagnosed PLWH is
useful to understand TDR and provide information for the first-
line ART strategy (15, 16). However, there is a dearth of studies
investigating molecular epidemiology of TDR in China, and no
study was conducted among PLWH in Liangshan (the prevalence
of HIV in five counties was over 1%).

To fill the knowledge gap, we analyzed the molecular
epidemiology of TDR and genetic transmission networks and
evaluated the TDR-associated mutations in genetic transmission
networks among newly diagnosed PLWH identified by all
population-based HIV screening methods in Liangshan. The
results would be useful for understanding TDR and improving
HIV surveillance and public health intervention activities
especially in areas seriously affected by HIV.

METHODS

Study Participants
All subjects voluntarily participated in our study and signed
informed consent forms before enrollment according to
the Helsinki Declaration of 1964. For participants of age
<16 years, we have obtained their informed consent from
parents/guardians. The study protocol was approved by the
Ethics Committee of Sichuan Center for Disease Prevention
and Control. All methods were carried out in accordance with
relevant guidelines and regulations.

A cross-sectional design was performed in this study. Butuo
is one of the areas with the most serious HIV epidemic in China,
and it is located in themiddle east of Liangshan, Sichuan Province
(Supplementary Figure 1). According to the implementation
of the Health and Medical Assistance Program for Poverty
Alleviation in Liangshan, residents in Butuo county were asked
to receive HIV screening and physical examination (17). Since
November 2017, the all-population HIV screening plan has been
carried out in Butuo county. By the end of 2018, the total
population reached 174,934 in Butuo county. After excluding
PLWH identified before January 1, 2018, and individuals who
could not be reached or refused to participate, a total of 160,956
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individuals agreed to participate in the screening for HIV. A total
of 2,259 newly diagnosed PLWHwere identified between January
1, 2018, and November 31, 2018. The newly diagnosed PLWH
were considered as study participants. After excluding those
with a lack of or insufficient blood samples for sequencing or
incomplete personal information, 1,595 newly diagnosed PLWH
were enrolled in our study (Supplementary Figure 2).

A total of 1,595 newly diagnosed PLWH were enrolled
according to the following inclusion criteria: (1) diagnosed with
HIV/AIDS during the period from January 1, 2018, to November
31, 2018; (2) had no evidence of receiving ART before enrollment;
(3) signed the informed consent for TDR testing; (4) the plasma
samples were successfully collected to perform the sequencing.

Data Collection
A questionnaire was used to privately ask all participants who
had been diagnosed with HIV/AIDS. The collected information
included socio-demographic information, possible route of
HIV transmission, HIV-related behaviors, and disease-related
characteristics. The socio-demographic information included
sex, age, occupation, current marital status, ethnicity, and
education level. The possible route of HIV was obtained by
an epidemiologic investigation conducted by medical workers,
including heterosexual contacts, intravenous drug use, both
heterosexual contact and intravenous drug use, and mother-
to-child transmission. HIV-related behaviors included needle
sharing and the number of casual sexual partners in their lifetime.
Disease-related characteristics included the stage of the disease
and the history of other sexually transmitted diseases.

Laboratory Tests
Each participant was confirmed to be infected with HIV by
Western blot, according to the instructions of the manufacturer.
Each participant was asked to provide 5ml of venous blood to
detect the recent or long-term infection. The plasma samples
were isolated from each participant and preserved in a −80◦C
freezer until analysis.

LAg EIA
In this study, the HIV status of each participant was
assessed by the Kinghawk HIV-1 Lag-Avidity EIA (LAg EIA)
(Beijing Kinghawk Pharmaceutical Co., Ltd., Beijing, China) to
distinguish between the recent and long-term infections. LAg
EIA was performed according to the kit instructions and the
National Guideline for Detection of HIV/AIDS (2015 edition).
Normalized OD (ODn) values were evaluated for each specimen,
using a CAL specimen tested on the same plate as follows: ODn
= specimen OD/median CAL OD. The recent or long-term
HIV-1 status was evaluated by the ODn value. If ODn ≤ 1.5,
the specimen is regarded as a recent infection; otherwise, the
specimen is regarded as a long-term infection (>130 days) (18).

Nucleic Acid Extraction, Amplification, and
Sequencing
Total viral nucleic acid was extracted from the 200 µl plasma of
each participant using an automatic extraction machine (MagNA
Pure LC 2.0 system, Roche, Branchburg, NJ, United States). The

reverse transcription-PCR (RT-PCR) was performed to amplify
the full-length protease gene in Pol region and the first 300
codons of the reverse transcriptase gene, which was described
previously (19). The PCR-amplified products were purified from
1% agarose gel and sequenced by Beijing Genomics Research
Center Ltd., in China.

The HIV-1 pol sequences obtained in the study, together
with reference sequences of different subtypes and CRFs,
were edited and aligned using ChromasProl.33. The sequence
alignments were manually performed by the BIOEDIT Sequence
Alignment Editor software (Ibis Biosciences, Carlsbad, CA,
United States). HIV-1 genotype subtypes were identified by
phylogenetic analysis and determined by FastTree 2.1.8 (http://
meta.microbesonline.org/fasttree/) and FigTree v1.4.2 (http://
tree.bio.ed.ac.uk/software/figtree/) software packages. The
amplification and sequencing analyses were described earlier in
detail (19, 20).

Genotypic Resistance Analysis
Drug resistance mutations were analyzed using the Stanford
University HIVDrug Resistance Database (http://hivdb.stanford.
edu/). The degree of low or higher drug resistance of one
or more drugs was defined as drug resistance (21). All
experimental protocols were in accordance with the instructions
of the manufacturer.

Genetic Transmission Network of HIV-1
Genetic distance-based methods were used to analyze the
genetic transmission networks. These were performed by
comparing sequences, constructing the phylogenetic tree,
calculating pairwise distance, and visualizing the network. The
detailed process of the genetic transmission network analyses was
described earlier (20).

Statistical Analysis
Categorical variables were compared using the chi-squared (χ2)
test. Using the presence of TDR as the dependent variable,
univariate logistic regression models were used to examine
the significance of the association between each covariate and
outcome variable. Crude odds ratio (OR) and a 95%CI for socio-
demographic information, the possible HIV transmission route,
HIV-related risk behaviors, disease-related characteristics, and
recent infections by LAg EIA and subtypes of HIV were obtained
in the univariate logistic regression models. Due to the sample
size of individuals with some of the outcome variables <5, we
used Poisson’s regressions to estimate the association between
any variable having a significance in the respective univariate
test (P < 0.01) and an outcome variable. Adjusted ORs and
their respective 95% CIs of the variables were obtained. All data
were analyzed by R 3.6.2. Statistical significance was declared if a
two-sided p-value was <0.05.

RESULTS

Prevalence and Determinants of TDR
A total of 1,595 newly diagnosed PLWH were enrolled in
this study, with a successful sequence acquisition in 1,318
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TABLE 1 | Prevalence and determinants of transmitted drug resistance (TDR) among the participants.

Variables TDR Rate (%) Total number, N = 1,318 Crude OR Adjusted OR

Sex

Female 53 8.04 659 Reference

Male 54 8.19 659 1.02 (0.69, 1.52) –

Age

≤15 22 9.69 227 Reference

15∼40 68 7.47 910 0.75 (0.45, 1.25)

>40 16 9.14 175 0.94 (0.48, 1.84) –

Unknown 1 16.67 6

Occupation

Peasant 83 7.74 1,073 Reference

Employed 1 5.88 17 0.75 (0.10, 5.91)

Students and children 23 10.09 228 1.34 (0.82, 2.18) –

Current marital status

Married 54 7.36 734 Reference

Single 37 9.14 405 1.27 (0.82, 1.96)

Widowed or divorced 6 8.00 75 1.10 (0.46, 2.64) –

Unknown 10 9.62 104

Ethnicity

Yi 105 8.05 1,305 Reference

Han and others 2 15.38 13 2.08 (0.46, 9.50) –

Education level

Illiteracy 85 8.39 1,013 Reference

Primary school or above 22 7.21 305 0.85 (0.52, 1.38) –

HIV transmission route

Heterosexual contact 68 8.27 822 Reference

Intravenous drug use 16 6.48 247 0.77 (0.44, 1.35)

Heterosexual contact and intravenous drug use 2 6.67 30 0.79 (0.19, 3.40)

Mother-to-child transmission 21 9.59 219 1.18 (0.70, 1.97) –

Stage of disease

HIV 84 6.99 1,201 Reference Reference

AIDS 23 19.66 117 3.25 (1.96, 5.40)*** 2.32 (1.44, 3.75)***

History of needle sharing

No history of using illicit drugs 72 6.96 1,035 Reference Reference

Had shared needle for 1∼4 times 22 8.91 247 1.31 (0.79, 2.15) 1.12 (0.68, 1.86)

Had shared needle ≥5 times 13 36.11 36 7.56 (3.68, 15.55)*** 3.89 (2.08, 7.31)***

Number of casual sexual partners in a lifetime

0 72 9.18 784 Reference Reference

1∼4 31 7.01 442 0.75 (0.48, 1.16) 0.89 (0.57, 1.40)

≥5 4 4.35 92 0.45 (0.16, 1.13) 0.53 (0.19,1.47)

History of sexually transmitted diseases except for HIV

Never 106 8.17 1,298 Reference

Ever 1 5.00 20 0.59 (0.08, 4.47) –

Recent infections by LAg EIA

Yes 3 8.33 36 Reference

No 104 8.11 1,282 0.97 (0.29, 3.22) –

Within genetic transmission network

Yes 40 6.93 577 Reference Reference

No 67 9.04 741 1.34 (0.89, 2.01) 1.27 (0.86, 1.88)

Subtypes

CRF07_BC 100 8.13 1,230 Reference

CRF08_BC 6 10.91 55 1.38 (0.58, 3.31)

CRF77_cpx 1 3.70 27 0.44 (0.06, 3.24) –

Others 0 0.00 6

***P < 0.001.
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(82.63%) cases, including 659 (50%) male and 659 (50%) female.
The median age was 29 years, ranging from 1 to 72 years.
Most of the participants were peasant (81.41%), of Yi ethnicity
(99.01%), married (55.69%), and illiterate (76.86%). The routes
of transmission were mostly heterosexual contact, followed by
intravenous drug use (18.74%) andmother-to-child transmission
(16.62%). A total of 283 (21.47%) cases reported a history
of sharing needles, 534 (40.52%) reported a history of casual
sexual partners, and 20 (1.52%) reported a history of sexually
transmitted diseases other than HIV (Table 1).

The prevalence of TDR among newly diagnosed PLWH was
8.12% (107/1,318). In the multivariate logistic regression model,
we found that participants who were in the stage of AIDS
(adjusted OR: 2.32, 95%CI: 1.44–3.75) and had a history of
sharing a needle ≥5 times (adjusted OR: 3.89; 95%CI: 2.08–7.31;
reference group: no history of illicit drugs) were more likely to
have an increased risk of TDR among newly diagnosed PLWH (P
< 0.05) (Table 1).

Recent Infections and Distribution of HIV-1
Genotypes
Of the 1,318 newly diagnosed PLWH, 36 (2.73%) were considered
as having recently been infected (within 130 days) by LAg EIA. Of
the 1,318 amplified samples, circulating recombinant form (CRF)
07_BC (93.32%, 1,230/1,318) was the predominant genotype,
followed by CRF08_BC (4.17%, 55/1,318) and CRF77_cpx
(2.05%, 27/1,318) (Supplementary Figure 3).

Prevalence and Resistance Level of
TDR-Associated Mutations
The prevalence of TDR for non-nucleoside reverse transcriptase
inhibitors (NNRTIs), NRTIs, and PIs mutation patterns was
6.30% (83/1,318), 0.91% (12/1,318), and 1.67% (22/1,318),
respectively (Figure 1). There were 154 HIV-1 TDR-associated
mutations to NNRTIs, 18 to NRTIs, and 27 to PIs. The
most frequent NNRTI-associated mutation in our study was
V179D/E/DE (4.93%), followed by K103N/KN (3.11%) and
E138A/G (1.52%). M184MI/V (0.38%) was the most prevalent
NRTI-associated mutation, followed by T215F/L (0.30%).
Q58E/QE (0.91%) was the major prevalent PI-associated
mutation, followed by I54M (0.23%). The majority of HIV-1
strains with TDR mutations exhibited the degree of potential
low-level resistance to NNRTI, ascribed to V179D/E/DE.

TheHIV-1 resistance level to 20 commonly used antiretroviral
drugs was analyzed (Supplementary Table 1). As for the NNRTI
resistance, the majority of the HIV-1 strains showed high-level
resistance to NVP (3.95%) and EFV (3.64%), and the main
mutation was K103N/KN (data not shown). Most exhibited a
potential low-level resistance to ETR (6.45%), EFV (5.84%), NVP
(5.39%), and RPV (4.86%), and the main mutation was G190A.
As for the PI resistance, HIV-1 strains exhibited more TDR
frequencies to NFV, and most showed a low-level resistance to
TPV/r (1.06%). As for theNRTI resistance, theHIV-1 strains only
exhibited high-level resistance to FTC (0.38%) and 3TC (0.38%),
while they show a low and potential low-level resistance to AZT,
D4T, and DDI.

Analysis of HIV-1 Genetic Transmission
Network
A total of 577 (43.78%, 577/1,318) pol sequences were identified
and used for the genetic transmission network analysis. A total
of 171 clusters were observed at a genetic distance of 0.013,
resulting in 171 clusters (Figures 2, 3). Among these clusters,
212 sequences (36.7%) were only linked to one pol sequence, and
365 (63.3%) were linked to more than two pol sequences. The
biggest cluster involved 91 pol sequences. Of the sequences in the
network, 543 (44.15%, 543/1,230) were CRF07_BC pol sequences,
27 (49.09%, 27/55) were CRF08_BC, and 7 (25.93%, 7/27) were
CRF77_cpx (Figure 2).

Individuals in the networks were more likely to come from the
same village or town. Of 36 recently infected individuals, 18 (50%,
18/36) were in the networks, among which eight (44.44%, 8/18)
were genetically linked to another recently infected individual.
As for the HIV transmission routes, heterosexual contact and
intravenous drug use were often cross-linked (Figure 3).

Individuals with the risk behaviors of both heterosexual
contact and intravenous drug use (53.33%, 16/30) were more
likely to be in the network. We observed that individuals with
TDR-associated mutations were more likely linked to those with
the same mutations. Besides, 37.38% (40/107) of individuals
carrying TDR were involved in the network, and K103N (42.5%,
17/40) was the most frequent TDR-associated mutation, followed
by E138A (15%, 6/40), I54M (7.5%, 3/40), and Q58E (7.5%, 3/40).
Twenty-nine individuals in the networks had potential low-level
resistant mutations (V179D/DE/E).

DISCUSSION

When HIV replicates under a non-adapted or not well-taken
ART, HIV drug resistance emerges. TDR of HIV strains is
associated with a suboptimal virologic response to initial ART,
and the TDR test is beneficial to guide the regimen selection to
optimize the treatment combination and improve the efficiency
of ART in a population with a high mortality rate (22). The
prevalence of TDR among PLWH in Liangshan was 8.12%, which
was higher than other epidemic areas in China (3.7–6.12%) (23–
25) and higher than six sub-Sahara African countries with a
similar period of ART roll-out as China (26). Since the stage of
AIDS and history of frequent needle sharing were risk factors for
TDR, strengthening the monitor of TDR among AIDS patients
and HIV-infected drug users in Liangshan is perhaps important
than ever before.

The TDR to NRTIs was not common in our study. The results
are similar to the findings of other studies (27, 28). The main
reason might be the use of a TDF- or AZT-based regimen in
place of the D4T-based regimen that is associated with a higher
adverse drug reaction and drug resistance (29). In the past few
years, China’s National Free Antiretroviral Treatment Program
(NFATP) expanded the use of TDF according to the WHO
guideline and gradually phased out D4T in favor of TDF for the
first-line ART (30). TDF and initiated TDF-based regimens are
associated with lower drug resistance and lower TDR, as newer
ART agents are more effective and safer than older nucleoside
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FIGURE 1 | Different HIV-1 transmitted drug resistance (TDR) mutations to PIs, NRTIs, and NNRTIs.

reverse transcriptase inhibitor agents. The prevalence of TDR
to current first- and second-line regimens was 0.91–6.30% and
1.67%, indicating a high sensitivity to the first-line regimen
among most newly diagnosed PLWH. Therefore, even if the
drug-resistant test cannot become a routine test, there is no need
to expand the second-line treatment for PLWH. These findings
are of great significance for both the clinical practice of HIV
treatment and public health policy-making.

Our study found that the two NRTI mutations (M184MI/V
and T215F/L) had a higher prevalence than other TDRmutations
in this population. Since 2016, all newly diagnosed PLWH are
required to receive ART in China, and the massive scale-up
of ART that could not ensure easy access to well-tolerated
antiretroviral drugs to any PLWHA has inevitably increased the
threat of TDR (28). One point of concern is the free NRTI drug
3TC, which had been listed and widely used in the first- and
second-line ART regimens for the past 20 years in China. It
is reported that the M184MI/V mutation showed a high- and
intermediate-level resistance to 3TC that reduces the replicative
capacity of reverse transcriptase (31, 32). Although it is still
debatable whether continued use of 3TC provides actual benefit,
it is still lacking a fully active multitherapy in the presence of
the M184V mutation, which would lead to a greater risk for
virologic failure and may be related to higher TDR in newly
diagnosed PLWH (33). Previous studies in China also observed
a high percentage of M184MI/V in ART-naive individuals across
the country, indicating the importance of modifying the regimen
accordingly (28). The resistance mutations to 3TC should be
closely monitored to prevent the threat of TDR.

In the genetic transmission network analysis, some certain
demographic and transmission characteristics are worthy of
attention. First, a large number of transmission clusters were
identified in the network, with 43.78% of the analyzed samples.
This is not uncommon in HIV epidemics as a smaller population
is often part of wide transmission networks (25, 34), suggesting
that many individuals were infected with HIV in this area.
Large clusters mostly comprising more than two sequences
were dominant over small clusters, which is consistent with
heterosexual contact being the main route of transmission in
newly diagnosed PLWH. Second, the majority of PLWH in
the clusters were from different villages or towns. Unlike other
minority groups in China, the Yi minority in Liangshan still
maintains cultural traditions and values that condone casual sex
(3, 35, 36). Casual sex among people of the Yi minority usually
occurs during social events/gatherings (wedding, marketing date,
Yi festivals, etc.), which would not limit their sexual partners
to their place of residence (35, 36). Third, 50% (18/36) of the
recently infected individuals who were involved in the network
were infected through heterosexual contact. Further effective and
tailor-made programs are needed to reduce sexual transmission
among sexually active individuals.

In terms of TDR-associated mutations in transmission
clusters, 37.38% of individuals carrying TDR were involved in
the network. Specifically, 16 transmission clusters that contained
individuals carrying TDR had a transmission relationship with
each other; the remaining 17 clusters, involving individuals
carrying TDR in the network, were independent, suggesting
the serious spread of TDR-associated mutations. K103N (42.5%,
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FIGURE 2 | The transmission networks of HIV-1 newly diagnosed PLWH by HIV-1 subtypes and locations; the large shapes represented recent infections within 130

days by LAg EIA.

17/40) were the most frequent TDR-associated mutations and
were in five clusters in which they linked with those carrying
the same mutations. K103N mutations might have been in

circulation for a while and were unsuspectingly propagated
onward in the community as new infections. This finding
was also observed in other undeveloped (37) and developed
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FIGURE 3 | The transmission networks of HIV-1 newly diagnosed people living with HIV (PLWH) by HIV transmission routes and TDR mutations; the large shapes

represented recent infections within 130 days by LAg EIA.

settings (38, 39). Routine TDR testing is needed to reduce TDR-
associated mutations.

The proportion of recent infections (within 130 days) among
all newly diagnosed PLWH was only 2.73% in this area, which
also deserves concern. The proportion of recent infections was
lower than that in other areas with a high rate of HIV in China
(40, 41) and those in other countries (40, 42), indicating that most
of the newly diagnosed PLWH were not detected in time. HIV
might be spread by many individuals unaware of their infection,
leading to a widespread of HIV in this area. Early detection of
HIV should be advocated in this area, so as to effectively control
the spread and prevalence of HIV.

Several limitations should be highlighted in this study.
First, this study was a cross-sectional survey; time-based

sequences and cause-effect relationships among these variables
cannot be established. Second, patients in this study were
newly diagnosed, but we cannot confirm the time of initial
infection, so it is hard to determine the time sequence in
the genetic transmission networks. Third, to fully understand
the determinants of the genetic transmission network, more
PLWH in this area should be enrolled, rather than newly
diagnosed PLWH. Fourth, our study was conducted in areas
with a high HIV prevalence, so caution should be taken
when generalizing the findings to other areas or contexts.
Despite the aforementioned limitations, the main strength of this
study is the use of samples collected from the HIV screening
samples, which represents the area with a high rate of HIV
in China.
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CONCLUSION

To our knowledge, this is the first effort to investigate
the prevalence and molecular epidemiology of TDR on the
basis of whole-population screening. Our data suggest that
a concentrated epidemic is characterized by a predominant
HIV-1 CRF07_BC, a relatively high level of TDR, and many
transmission clusters. The high prevalence of long-term HIV-1-
infected individuals and a large proportion of individuals within
the genetically transmitted networks suggest that HIV-1 may be
propagated by HIV-1-infected individuals who were unaware of
their HIV-1 status. Therefore, targeted HIV-1 prevention, early
identification, and monitoring of resistance are warranted to
reduce TDR and prevent HIV-1 transmission in areas with a high
rate of HIV.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The study protocol was approved by the Ethics Committee
of Sichuan Center for Disease Prevention and Control.
Written informed consent to participate in this study
was provided by the participants’ legal guardian/next
of kin.

AUTHOR CONTRIBUTIONS

DY, BY, SY, PJ, and SL had taken a principal role in
the conception of ideas, writing the protocol, developing
methodologies, analyses and write-up of the article, and drafted
the manuscript. ZW and PJ contributed to the proposal writing
and made a critical revision to the paper and manuscript. PJ,
SY, and ML contributed to the write-up of the study protocol

and revised the paper. YL, LY, YH, LS, YZ, LA, MC, CZ,
LL, and LZ supervised the study and edited the manuscript.
ZW revised the paper. All authors read and approved the
final manuscript.

FUNDING

This research was funded by the National Natural Science
Foundation of China (81703279); Sichuan Science and
Technology Program (2019YJ0148); National Major Science and
Technology Projects of China: Study on the assessment
technology and prediction model of AIDS epidemic in
China (2017ZX10201101), Science and Technology Project
of Sichuan Provincial Health Committee (20PJ121), and the
International Institute of Spatial Lifecourse Epidemiology
(ISLE). PJ and SY, Co-directors of the ISLE, thank the West
China School of Public Health and West China Fourth
Hospital in Sichuan University, the Chinese Center for Disease
Control and Prevention, the Netherlands Organization for
Scientific Research, and the Royal Netherlands Academy of
Arts and Sciences for funding the ISLE and supporting ISLE’s
research activities.

ACKNOWLEDGMENTS

We thank the Center for AIDS/STD Control and Prevention,
Sichuan Center for Disease Control and Prevention, Liangshan
Center for Disease Control and Prevention, and Butuo Center
for Disease Control and Prevention to support the data. We
also thank the International Institute of Spatial Lifecourse
Epidemiology (ISLE) for research support.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2021.731280/full#supplementary-material

REFERENCES

1. Zhao QG, Gong YH, Liao Q, Yu G, Wang K, Wang J, et al. [Estimation
on the HIV-1 incidence in Liangshan Yi Autonomous Prefecture, under
BED-capture enzyme immunoassay, from 2011 to 2013]. Zhonghua Liu Xing

Bing Xue Za Zhi. (2016) 37:1105–7. doi: 10.3760/cma.j.issn.0254-6450.2016.
08.010

2. Sun X, Lu F, Wu Z, Poundstone K, Zeng G, Xu P, et al. Evolution of
information-driven HIV/AIDS policies in China. Int J Epidemiol. (2010)
(Suppl. 2):ii4–13. doi: 10.1093/ije/dyq217

3. Yang S, Luo M, Zhang S, Yao Y, Wang Q, Liao Q. Overview on
culture and customs related to AIDS epidemic and prevention
among Yi people in Liangshan. Chin J AIDS STD. (2017) 23:101–5.
doi: 10.13419/j.cnki.aids.2017.03.28

4. Günthard HF, Aberg JA, Eron JJ, Hoy JF, Telenti A, Benson CA, et al.
Antiretroviral treatment of adult HIV infection: 2014 recommendations
of the International Antiviral Society-USA Panel. JAMA. (2014) 312:410–
25. doi: 10.1001/jama.2014.8722

5. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC,
Kumarasamy N, et al. Prevention of HIV-1 infection with early antiretroviral
therapy. N Engl J Med. (2011) 365:493–505. doi: 10.1056/NEJMoa1105243

6. Teixeira PR, Vitória MA, Barcarolo J. Antiretroviral treatment
in resource-poor settings: the Brazilian experience. AIDS.

(2004) Suppl. 3:S5–7. doi: 10.1097/00002030-20040600
3-00002

7. Pennings PS. HIV drug resistance: problems and perspectives. Infect Dis Rep.
(2013) 5(Suppl. 1):e5. doi: 10.4081/idr.2013.s1.e5

8. WHO. Global Action Plan on HIV Drug Resistance 2017–2021. (2017).
Available online at: https://www.who.int/hiv/pub/drugresistance/hivdr-
action-plan-2017--2021/en/ (accessed Sep 25, 2021).

9. Castro H, Pillay D, Cane P, Asboe D, Cambiano V, Phillips A, et al. Persistence
of HIV-1 transmitted drug resistance mutations. J Infect Dis. 2013 208:1459–
63. doi: 10.1093/infdis/jit345

10. Gupta R, Hill A, Sawyer AW, Pillay D. Emergence of drug resistance in HIV
type 1-infected patients after receipt of first-line highly active antiretroviral
therapy: a systematic review of clinical trials. Clin Infect Dis. (2008) 47:712–
22. doi: 10.1086/590943

11. Sui H, Gui T, Jia L, Guo W, Han J, Liu Y, et al. Different
frequencies of drug resistance mutations among HIV-1 subtypes
circulating in China: a comprehensive study. PLoS ONE. (2014)
(9):e91803. doi: 10.1371/journal.pone.0091803

12. Aldous JL, Pond SK, Poon A, Jain S, Qin H, Kahn JS, et al. Characterizing
HIV transmission networks across the United States. Clin Infect Dis. (2012)
55:1135–43. doi: 10.1093/cid/cis612

13. Oster AM, Wertheim JO, Hernandez AL, Ocfemia MC, Saduvala N, Hall HI.
Using molecular HIV surveillance data to understand transmission between

Frontiers in Public Health | www.frontiersin.org 9 October 2021 | Volume 9 | Article 731280

https://www.frontiersin.org/articles/10.3389/fpubh.2021.731280/full#supplementary-material
https://doi.org/10.3760/cma.j.issn.0254-6450.2016.08.010
https://doi.org/10.1093/ije/dyq217
https://doi.org/10.13419/j.cnki.aids.2017.03.28
https://doi.org/10.1001/jama.2014.8722
https://doi.org/10.1056/NEJMoa1105243
https://doi.org/10.1097/00002030-200406003-00002
https://doi.org/10.4081/idr.2013.s1.e5
https://www.who.int/hiv/pub/drugresistance/hivdr-action-plan-2017--2021/en/
https://www.who.int/hiv/pub/drugresistance/hivdr-action-plan-2017--2021/en/
https://doi.org/10.1093/infdis/jit345
https://doi.org/10.1086/590943
https://doi.org/10.1371/journal.pone.0091803
https://doi.org/10.1093/cid/cis612
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Yuan et al. TDR Among PLWH in China

subpopulations in the United States. J Acquir Immune Defic Syndr. (2015)
70:444–51. doi: 10.1097/QAI.0000000000000809

14. Poon AF, Joy JB, Woods CK, Shurgold S, Colley G, Brumme CJ, et al. The
impact of clinical, demographic and risk factors on rates of HIV transmission:
a population-based phylogenetic analysis in British Columbia, Canada. J Infect
Dis. (2015) 211:926–35. doi: 10.1093/infdis/jiu560

15. Ragonnet-Cronin M, Hodcroft E, Hué S, Fearnhill E, Delpech V, Brown AJ, et
al. Automated analysis of phylogenetic clusters. BMC Bioinformatics. (2013)
14:317. doi: 10.1186/1471-2105-14-317

16. Leitner T, Escanilla D, Franzen C, Uhlen M, Albert J. Accurate reconstruction
of a known HIV-1 transmission history by phylogenetic tree analysis. Proc
Natl Acad Sci USA. (1996) 93:10864–9. doi: 10.1073/pnas.93.20.10864

17. Prefecture PsGoL. Liangshan will provide free physical examination for 940000

poor people this year. (2018). Available online at: http://www.lsz.gov.cn/zwfw/
fwgk_17717/tzgg_17720/201803/t20180330_1195059.html (accessed Sep 27,
2020).

18. Chinese Center for Disease Control and Prevention. National guideline
for detection of HIV/AIDS. Chin J Viral Dis. (2016) 6:401–27.
doi: 10.16505/j.2095-0136.2016.06.001

19. Yuan D, Su L, Liu H, Yu H, Yang H, Ye L, et al. [Drug-resistance
characteristics of CRF01_AE and CRF07_BC subtypes of HIV-1 strains in
Sichuan province]. Zhonghua Yu Fang Yi Xue Za Zhi. (2015) 49:901–6.
doi: 10.3760/cma.j.issn.0253-9624.2015.10.013

20. Yuan D, Du Z, Zhou J, Ye L, Su L, Yang H, et al. HIV-1 subtype diversity, drug
resistance, and genetic transmission networks in men who have sex with men
with virologic failure in antiretroviral therapy in Sichuan, China, 2011 to 2017.
Medicine. (2019) 98:e17585. doi: 10.1097/MD.0000000000017585

21. Balfe P, Simmonds P, LudlamCA, Bishop JO, Brown AJ. Concurrent evolution
of human immunodeficiency virus type 1 in patients infected from the same
source: rate of sequence change and low frequency of inactivating mutations.
J Virol. (1990) 64:6221–33. doi: 10.1128/jvi.64.12.6221-6233.1990

22. Lodi S, Gunthard HF, Gill J, Phillips AN, Dunn D, Vu Q, et al. Effectiveness of
transmitted drug resistance testing before initiation of antiretroviral therapy
in HIV-positive individuals. J Acquir Immune Defic Syndr. (2019) 82:314–
20. doi: 10.1097/QAI.0000000000002135

23. Ye J, Hao M, Xing H, Zhang F, Wu H, Lv W, et al. Transmitted
HIV drug resistance among individuals with newly diagnosed
HIV infection: a multicenter observational study. AIDS. (2019)
34:609–19. doi: 10.1097/QAD.0000000000002468

24. Song YX, Xin RL, Li ZC, Yu HW, Lun WH, Ye J, et al. Prevalence of
transmitted drug resistance among HIV-1 treatment-naive patients in Beijing.
Epidemiol Infect. (2018) 146:339–44. doi: 10.1017/S0950268817003016

25. Chen R, Liang B, Wen B, Huang G, Ning C, Lao C, et al. No
difference in prevalence of transmitted drug resistance between injection
drug users and non-injection drug users: a cross-sectional study among
antiretroviral treatment-Naïve HIV patients. Intervirology. (2018) 61:281–
91. doi: 10.1159/000499367

26. Hamers RL, Wallis CL, Kityo C, Siwale M, Mandaliya K, Conradie
F, et al. HIV-1 drug resistance in antiretroviral-naive individuals
in sub-Saharan Africa after rollout of antiretroviral therapy:
a multicentre observational study. Lancet Infect Dis. (2011)
11:750–9. doi: 10.1016/S1473-3099(11)70149-9

27. Vega Y, Delgado E, Fernández-García A, Cuevas MT, Thomson MM,
Montero V, et al. Epidemiological surveillance of HIV-1 transmitted
drug resistance in Spain in 2004–2012: relevance of transmission
clusters in the propagation of resistance mutations. PLoS ONE. (2015)
10:e0125699. doi: 10.1371/journal.pone.0125699

28. Zuo L, Liu K, Liu H, Hu Y, Zhang Z, Qin J, et al. Trend of HIV-
1 drug resistance in China: a systematic review and meta-analysis of
data accumulated over 17 years (2001–2017). EClinicalMedicine. (2020)
18:100238. doi: 10.1016/j.eclinm.2019.100238

29. Liu P, Liao L, Xu W, Yan J, Zuo Z, Leng X, et al. Adherence,
virological outcome, and drug resistance in Chinese HIV patients receiving
first-line antiretroviral therapy from 2011 to 2015. Medicine. (2018)
97:e13555. doi: 10.1097/MD.0000000000013555

30. Zhang F, Zhu H, Wu Y, Dou Z, Zhang Y, Kleinman N, et al. HIV,
hepatitis B virus, and hepatitis C virus co-infection in patients in
the China National Free Antiretroviral Treatment Program, 2010–12: a

retrospective observational cohort study. Lancet Infect Dis. (2014) 14:1065–
72. doi: 10.1016/S1473-3099(14)70946-6

31. Ávila-Ríos S, García-Morales C, Matías-Florentino M, Romero-Mora KA,
Tapia-Trejo D, Quiroz-Morales VS, et al. Pretreatment HIV-drug resistance
in Mexico and its impact on the effectiveness of first-line antiretroviral
therapy: a nationally representative 2015 WHO survey. Lancet HIV. (2016)
3:e579–91. doi: 10.1016/S2352-3018(16)30119-9

32. Gallant JE. Antiretroviral drug resistance and resistance testing.TopHIVMed.

(2005) 13:138–42.
33. Winters MA, Bosch RJ, Albrecht MA, Katzenstein DA, Team.

ACTGS. Clinical impact of the M184V mutation on switching to
didanosine or maintaining lamivudine treatment in nucleoside reverse-
transcriptase inhibitor-experienced patients. J Infect Dis. (2003)
188:537–40. doi: 10.1086/377742

34. Frentz D, Wensing AM, Albert J, Paraskevis D, Abecasis AB, Hamouda O, et
al. Limited cross-border infections in patients newly diagnosed with HIV in
Europe. Retrovirology. (2013) 10:36. doi: 10.1186/1742-4690-10-36

35. Yang Y, Luan RS, Liu P, Wu CL, Zhou Y, Chen W. Casual sex and
concurrent sexual partnerships among young people from an Yi community
with a high prevalence of HIV in China. Asian J Androl. (2012) 14:758–
65. doi: 10.1038/aja.2012.25

36. Qin S, Li AS, Ma MJ, Luo Q, Wang XL, Nan L, et al. Unprotected sex with
casual partners: a neglected source of HIV transmission among members of
the Yi minority in Southwestern China. Biomed Environ Sci. (2014) 27:824–
31. doi: 10.3967/bes2014.120

37. Hassan AS, Esbjörnsson J, Wahome E, Thiong’o A, Makau GN, Price MA,
et al. HIV-1 subtype diversity, transmission networks and transmitted drug
resistance amongst acute and early infected MSM populations from Coastal
Kenya. PLoS ONE. (2018) 13:e0206177. doi: 10.1371/journal.pone.0206177

38. Mbisa JL, Fearnhill E, Dunn DT, Pillay D, Asboe D, Cane PA. Evidence of
self-sustaining drug resistant HIV-1 lineages among untreated patients in the
United Kingdom. Clin Infect Dis. (2015) 61:829–36. doi: 10.1093/cid/civ393

39. Brooks JI, Niznick H, Ofner M, Merks H, Angel JB. Local phylogenetic
analysis identifies distinct trends in transmitted HIV drug resistance:
implications for public health interventions. BMC Infect Dis. (2013)
13:509. doi: 10.1186/1471-2334-13-509

40. Yang YC, Shi RZ, Tang RH, Ye RH, Wang JB, Duan X, et al. [Estimating
HIV incidence among female sex workers and injection drug users in Dehong
Prefecture, 2009–2017]. Zhonghua Yu Fang Yi Xue Za Zhi. (2018) 52:1243–
7. doi: 10.3760/cma.j.issn.0253-9624.2018.12.010

41. Cheng D, Xu L, Liu J, Wang YY, Yu HJ, Fu HF, et al. New report on
new infections among HIV-infected people in Xinxiang City from 2012
to 2015. Med Inform. (2019) 32:143–7. doi: 10.3969/j.issn.1006-1959.2019.
02.041

42. Chow WZ, Bon AH, Keating S, Anderios F, Halim HA, Takebe Y,
et al. Extensive genetic diversity of HIV-1 in incident and prevalent
infections among malaysian blood donors: multiple introductions of
HIV-1 genotypes from highly prevalent Countries. PLoS ONE. (2016)
11:e0161853. doi: 10.1371/journal.pone.0161853

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Yuan, Yu, Li, Wang, Liu, Ye, Huang, Su, Zhang, Api, Chen, Zhou,

Liu, Zhang, Liang, Jia and Yang. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org 10 October 2021 | Volume 9 | Article 731280

https://doi.org/10.1097/QAI.0000000000000809
https://doi.org/10.1093/infdis/jiu560
https://doi.org/10.1186/1471-2105-14-317
https://doi.org/10.1073/pnas.93.20.10864
http://www.lsz.gov.cn/zwfw/fwgk_17717/tzgg_17720/201803/t20180330_1195059.html
http://www.lsz.gov.cn/zwfw/fwgk_17717/tzgg_17720/201803/t20180330_1195059.html
https://doi.org/10.16505/j.2095-0136.2016.06.001
https://doi.org/10.3760/cma.j.issn.0253-9624.2015.10.013
https://doi.org/10.1097/MD.0000000000017585
https://doi.org/10.1128/jvi.64.12.6221-6233.1990
https://doi.org/10.1097/QAI.0000000000002135
https://doi.org/10.1097/QAD.0000000000002468
https://doi.org/10.1017/S0950268817003016
https://doi.org/10.1159/000499367
https://doi.org/10.1016/S1473-3099(11)70149-9
https://doi.org/10.1371/journal.pone.0125699
https://doi.org/10.1016/j.eclinm.2019.100238
https://doi.org/10.1097/MD.0000000000013555
https://doi.org/10.1016/S1473-3099(14)70946-6
https://doi.org/10.1016/S2352-3018(16)30119-9
https://doi.org/10.1086/377742
https://doi.org/10.1186/1742-4690-10-36
https://doi.org/10.1038/aja.2012.25
https://doi.org/10.3967/bes2014.120
https://doi.org/10.1371/journal.pone.0206177
https://doi.org/10.1093/cid/civ393
https://doi.org/10.1186/1471-2334-13-509
https://doi.org/10.3760/cma.j.issn.0253-9624.2018.12.010
https://doi.org/10.3969/j.issn.1006-1959.2019.02.041
https://doi.org/10.1371/journal.pone.0161853
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Prevalence and Molecular Epidemiology of Transmitted Drug Resistance and Genetic Transmission Networks Among Newly Diagnosed People Living With HIV/AIDS in a Minority Area, China
	Introduction
	Methods
	Study Participants
	Data Collection
	Laboratory Tests
	LAg EIA
	Nucleic Acid Extraction, Amplification, and Sequencing
	Genotypic Resistance Analysis
	Genetic Transmission Network of HIV-1
	Statistical Analysis

	Results
	Prevalence and Determinants of TDR
	Recent Infections and Distribution of HIV-1 Genotypes
	Prevalence and Resistance Level of TDR-Associated Mutations
	Analysis of HIV-1 Genetic Transmission Network

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


