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Abstract N\
This study sought to examine the human immunodeficiency virus type 1 (HIV-1) genetic diversity on drug resistance among men who |
have sex with men (MSM) with virologic failure in antiretroviral therapy (ART), and investigate linking-associated factors for genetic
transmission networks.

Seven hundred and thirty-four HIV-positive MSM with virologic failure in ART were recruited into our study from 2011 to 2017. HIV-
1 pol gene sequences were used for phylogenetic and genotypic drug resistance analyses. The drug resistance mutations were
determined using the Stanford University HIV Drug Resistance Database. The genetic transmission networks were analyzed for
CRFO1_AE and CRF0O7_BC sequences by the genetic distance-based method.

Of 734 subjects, 372 (50.68%) showed drug resistance, in which CRFO1_AE and CRFO7_BC were the predominating subtypes.
Drug resistance more frequently occurred in non-nucleoside reverse transcriptase inhibitors (NNRTIs) treatment (48.64%), and
followed by nucleoside reverse transcriptase inhibitors (NRTIs) (36.51%) and Pls (4.03%). The most common drug resistance-
associated mutations in protease inhibitors (Pls), NRTls and NNRTIs were K20I/R, M184V/| and K103N/KN, respectively. For
283CRFO1_AE sequences, 64 (22.61%) fell into clusters at a genetic distance of 0.011, resulting in 17 clusters ranging in size from 2
to 16 individuals. For 230 CRFO7_BC sequences, 66 (28.69%) were connected to at least one other sequence with 0.005 genetic
distances, resulting in 8 clusters ranging in size from 2 to 52 individuals. Individuals who showed drug resistance to ART were less
likely to fall into clusters than those who did not. The genetic linkage was robust by the exclusion of sites associated with drug
resistance.

CRFO1_AE and CRFO7_BC were the main strains among MSM with virologic failure in ART, and the drug resistance more
frequently occurred in NNRTIs, followed by NRTIs and Pls. Genetic transmission networks revealed a complexity of transmission
pattern, suggesting early-diagnosis and in-time intervention among MSM.

Abbreviations: 3TC = Lamivudine, ART = virologic failure in antiretroviral therapy, CDC = Center for Disease Control and
Prevention, HIV/AIDS = human immunodeficiency virus infection/acquired immune deficiency syndrome, HIV-1 = human
immunodeficiency virus type 1, HSS = HIV sentinel surveillance, MSM = men who have sex with men, NGOs = non-government
organizations, NNRTIs = non-nucleoside reverse transcriptase inhibitors, NRTIs = nucleoside reverse transcriptase inhibitors, Pls =
protease inhibitors, PITC = Provider-Initiated HIV Testing & Counseling, RT-PCR = Reverse Transcription-Polymerase Chain
Reaction, VCT = voluntary counseling and testing.
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1. Introduction

The number of HIV-infected individuals in Sichuan province is
increasing dramatically. By the end of 2017, a total of 110,872
human immunodeficiency virus infection/acquired immune
deficiency syndrome (HIV/AIDS) cases had been reported,
making it the highest number of HIV/AIDS in China."!
Homosexual transmission has gradually become the fastest
growing transmission way in Sichuan province,”! and HIV
prevalence in MSM in this province has significantly increased in
the last few years (from 9.5% in 2011 to 12.8% in 2015),"%! both
of which made Sichuan the most impacted province in China.*!

ART is an effective approach for treating HIV-infected
patients, which can regulate the HIV life cycle, suppress HIV
replication and preserve normal immune function.®! The scale-
up of ART has led to dramatic reductions in morbidity and
mortality among HIV-infected patients.”! HIV-infected people
on suppressive ART have a low risk of HIV transmission.®!
However, increasing genotypic HIV drug resistance inevitably
occurs after a period of ART, and the number of drug resistance
has risen in the last 10 years in China. For MSM, drug resistance
of MSM receiving ART increases more rapidly than other
populations, which is due in part to frequent high-risk behaviors
of MSM and a low HIV detection rate in these patients.”! The
high incidence of drug resistance and low adherence to prescribed
treatment are associated with drug resistance-related mutations
that can reduce the efficacy of ART and raise the risk of treatment
failure.!"”! The genetic mutations of HIV strains could influence
the therapy response to different medication and the occurrence
of treatment failure. Therefore, it is necessary to identify the drug
resistance-related mutations of HIV genotypes.

Interestingly, the high prevalence of virologic failure in ART
across the world is observed in regions with well-established use
of ART, such as in Europe and United States of American.!'!1!
Treatment failure in HIV infected patients could lead to new
challenges, such as increasing HIV transmission among individ-
uals with risk behaviors and transmitted drug resistance.!*3! The
prevalence (about 10-17.2%) of transmitted drug resistance in
ART-naive individuals remains high and stable in most developed
countries." "' Identification of transmission network in treat-
ment failure in HIV-infected individuals provides an estimate of
unobserved transmission network and potential routes of viral
spread, and understands the transmitted drug resistance.!'>1¢!
Techniques for reconstructing genetic transmission network can
indicate a set of sequences from potential transmission partners
and show the relationships between infected individuals.

Different from other high risk population of HIV, Chinese
MSM are more likely to be in close social and sexual networks
because of stigma and social discrimination, and HIV strains
from linked individuals are more similar than those from
unassociated ones."”>'8 For MSM with virologic failure in ART,
identifying potential transmission partners by genetic transmis-
sion network could help selection of more effective therapeutic
regimens,'*! prevention of transmitted drug resistance,*>*! and
understanding of linking-associated factors of transmission
networks among MSM.??! However, no previous studies have
described HIV drug resistance and genetic transmission networks
among MSM with virologic failure in ART in China. Therefore,
this study aimed to examine the HIV-1 genetic diversity among
MSM with virologic failure in ART in Sichuan province between
2011 and 2017, and use a genetic distance-based method to
investigate the genetic transmission networks.
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2. Materials and methods

2.1. Ethics

All subjects voluntarily participated in our study and signed
informed consent forms before enrollment. The study protocol
was approved by the Ethics Committee of the Sichuan Center for
Disease Control and Prevention (CDC), and the study was carried
out following the Helsinki Declaration of 1964.

2.2. Study participants

Participants who met the inclusion criteria were included into our
study:

(1) MSM living in Sichuan province,

(2) being confirmed with positive HIV-1,

(3) receiving the ART for at least 6 months,

(4) being followed up from Jan 1st 2011 to Dec 31th 2017, and
(5) being diagnosed as virologic failure in ART.

These sources that are available in Sichuan province included:

(1) Provider-initiated HIV testing & counseling (PITC) service
for HIV,

(2) Voluntary counseling and testing (VCT) service through fixed
VCT sites and non-government organizations (NGOs),

(3) HIV sentinel surveillance (HSS) for MSM, and

(4) scientific studies conducted in Sichuan Province to find the
HIV infections among MSM.

PITC has been routinely recommended by health care
providers to provide HIV testing services to patients who seek
medical treatment at health care facilities.

Subjects who were infected through the sexual transmission of
homosexuality and had self-reported oral or anal sex at least once
with another male were eligible for the study.

A total of 734 HIV-Tlinfected MSM individuals with virologic
failure in ART met the inclusion criteria. Each participant
provided SmL of venous blood for the viral load of HIV-1.
Plasma was isolated and sent under the cold chain to the Sichuan
CDC where the HIV viral load was measured. Virologic failure
was defined as an HIV RNA level >1000 copies/ml. Samples with
a viral load of >1000copies/mL were performed HIV drug
resistance genotyping in Sichuan CDC by using an in-house
PCR.1?’I

2.3. Data collection

Participants were asked about their socio-demographic informa-
tion, including age, occupation, marital status, education level
attained. The occupation was categorized as student, farmer,
employed (workers, administers or managers, professional
technicians, sales or service workers, private owners, etc) and
unemployed. The demographic characteristics of participants
were collected by the staff at the local Center for Disease
Prevention and Control (CDCs) and community health center
during the follow-up period.

2.4. Nucleic acid extraction, ampilification, and sequencing

The viral nucleic acid was extracted from 200-pl plasma of
subjects with virologic failure in ART (according to WHO
guideline, we defined viral load >1000 copies/mL after 6 months
of ART treatment as virologic failure) by using an automatic
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extraction machine (MagNA Pure LC 2.0 system, Roche,
Branchburg, NJ). The RT-PCR (Reverse Transcription-Polymer-
ase Chain Reaction) was conducted to amplify the full-length
protease gene in Pol region and the first 300 codons of the reverse
transcriptase gene. The PCR products were dealt with electro-
phoresis with 1% agarose gel. The amplified products were sent
to Beijing Genomics Research Center Ltd. for purification and
gene sequencing (Table 1). Detailed amplification and sequencing
methodology has been published previously.!**!

2.5. Sequencing analysis of HIV-1 pol region and drug-
resistance analyses

The obtained sequences were edited and aligned using Chroma-
sPro 1.33, and the sequence alignments were performed with
reference sequences retrieved from the Los Alamos Sequence
Database (http://www.hiv.lanl.gov/) by BioEdit Sequence Align-
ment Editor software (Ibis Bisciences, Carlsbad, CA). FastTree
2.1.8 (http://meta.microbesonline.org/fasttree/) was used to
estimate an approximately-maximum likelihood phylogenetic
tree for pol sequences. More than 90% of neighbor-joining trees
had bootstrap value above 70, which showed the high reliability
of phylogenetic tree. The phylogenetic tree was visualized by
FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/).

Drug resistance mutations were analyzed using the Stanford
University HIV Drug Resistance Database (http://hivdb.stanford.
edu/). All experimental protocols were following the manufac-
turer’s instructions.

2.6. Analysis of HIV-1 genetic transmission network

Genetic distance-based methods ascribe a putative transmission
link to any pair of viral sequences within a predetermined genetic
distance threshold. It is expected that viral genetic diversity
between transmission partners should approximate the diversity
of the source partners, and allow for some degree of onward
evolution in the recipient partners.””’! The flowchart of genetic
transmission networks was performed in 4 steps, including
comparing sequence, constructing phylogenetic tree, calculating
pairwise distance, and visualizing the network.

After comparing the sequences and constructing phylogenetic
tree described above, calculations of pairwise genetic distances of
all sequences within the available clusters were performed using
Run HyPhy 2.2.4 (http://www.hyphy.org). Among the genetic
distances within 0.001 to 0.0135, the gene distance with the largest
number of clusters was selected as the linkages within a cluster.
Finally, the network was visualized and analyzed by using
Cytoscape 3.5 software (https://cytoscape.org).

The sequencing primers.

Length of
HXB2 amplified
Name 5-3 location fragment (bp)
Positive sequencing primers
RTAS CTCAGATTGGTTGCAC 2524-2539 803
RT-B CCTAGTATAAACAATGAGACAC 2946-2967 381
PROS3 GCCAACAGCCCCACCA 2151-2166 1176
Negative sequencing primers
RT4R CTTCTGTATATCATTGACAGTCCAGCT ~ 3299-3327 1180
PROC1S  GCTGGGTGTGGTATTCC 28262842 695
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2.7. Statistical analysis

The database was established by excel, and the statistical
analyses were performed using SPSS 21.0 (SPSS Inc. Chicago,
IL). Categorical variables were presented as frequencies
and percentages, and were compared using fisher exact
tests. A 2-sided P value <.05 was considered statistically
significant.

3. Results

3.1. Characteristics of drug resistance among MSM with
virologic failure in ART

Among 734 MSM with virologic failure in ART, 50.68% (372/
734 showed drug resistance between 2011 and 2017 (Table 2),
and 63.89% (469/734) of the participants were 15 to 35 years
old. Over half attained senior or above education level
(58.45%, 429/734), 38.56% (283/734) were employed, and
71.11% (522/734) were unmarried. The phylogenetic analyses
based on the pol regions showed that CRFO1_AE and
CRF07_BC were the most common strains in Sichuan
province, and the CRFO1_AE had the highest drug resistant
rate (67.40%, 246/365) (Fig. 1). We observed significant
differences in drug resistant rates in terms of different subtypes
of HIV-1 (P <.05).

Drug resistance was most likely to occur in MSM treated with
nucleoside reverse transcriptase inhibitors (NRTIs) (drug resis-
tant rate: 59.68%, 37/62, Table 2). MSM treated with non-
nucleoside reverse transcriptase inhibitors (NNRTIs) also
showed high drug resistant rates (AZT+3TC+EFV/NVP:
48.59%; D4T+3TC+EFV/NVPNNRTIs: 52.88; TDF+3TC
+EFV/NVPNNRTIs: 52.03%).

3.2. Drug resistance-associated mutations

The most common Pl-related mutations were K20I/R (18/372,
4.84%) and V82I (13/372, 3.49%) (Table 3). M184V/I (236/
372,63.44%), K65KR/R (78/372,20.97%), D67DN/N (77/372,
20.70%), and K70E/R/KR (72/372, 19.35%) were most
common NRTI-related mutations. K103N/KN (155/372,
41.67%), VI0O6M/MA/MV (107/372, 28.76%), G190A/AG/S
(103/372,27.69%), and Y181C/CY (89/372, 23.92%) were the
major NNRTI-related mutations.

3.3. The transmission networks of MSM with virologic
failure in ART

A total of 283 MSM with CRF01_AE and 230 with CRF07_BC
pol sequences were identified and used for genetic transmission
network analysis between 2011 and 2017. Of 283 CRF01_AE
pol sequences, 64 (22.61%) fell into clusters at a genetic distance
of 0.011, resulting in 17 clusters ranging in size from 2 to 16
individuals (Fig. 2A). Of 230 CRF07_BC pol sequences, 66
(28.69%) were connected to at least one other sequence with
0.005 genetic distances, resulting in 8 clusters ranging in size from
2 to 52 individuals (Fig. 2B).

We did not find a significant association between genetic
linkages in terms of location, age, occupation, marital status,
education level, viral load and CD4*. However, individuals who
showed drug resistance to ART were less likely to fall into clusters
than those who did not (P <.05) (Table 4).

Among clusters for CRFO1_AE pol sequences, 20 MSM
(31.25%) were found to have only 1 linked individual, and 44
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The demographic characteristics of drug resistance in MSM with virologic failure in ART.

Drug resistance, HIV virologic failure, Drug resistant rate P for fisher

Characteristics n=372 N=734 (n/N, %) exact tests
Age, years

15-35 235 469 50.11

36-50 106 201 52.74

>51 28 58 48.28

Unknown 3 6 50.00 .980
Occupation

Student 22 48 45.83

Farmer 45 116 38.79

Employed 141 283 49.82

Unemployed 103 185 55.68

Unknown 61 102 59.80 .387
Marital status

Unmarried 276 522 52.87

Married 40 84 47.62

Widowed or divorced 56 128 43.75 544
National

Han 368 728 50.55

Others 4 6 66.67 740
Education

Illiteracy 2 4 50.00

Primary 40 72 55.56

Junior 106 229 46.29

Senior 127 256 49.61

College or above 97 173 56.07 811
Treatment time, year

<1 72 142 50.70

1-2 108 226 47.79

2-3 65 133 48.87

>3 127 233 54.51 .865
Treatment regimens

AZT+3TC+EFV/NVP 177 364 48.59

DAT+3TC+EFV/NVP 151 286 52.88

TDF+3TC+EFV/NVP 40 7 52.03

Others 4 7 54.63 936
Subtypes

B 6 14 42.86

CRFO1_AE 246 365 67.40

CRFO7_BC 105 315 33.33

CRF08_BC 8 22 36.36
Others (CRF52_01BC, CRF55_01B and C etc) 7 18 38.89 <.001

3TC=Lamivudine, ART =virologic failure in antiretroviral therapy, AZT = Zidovudine, DAT = Stavudine, EFV = Efavirenz, HIV=human immunodeficiency virus, MSM=men who have sex with men, NVP =

Nevirapine, TDF = Tenofovir.
The AZT, D4T, TDF, and 3TC were NRTIs; NVP and EFV were NNRTIs.

(68.75%) had >2 linked individuals. Five MSM with drug
resistant HIV-1 were in 1 cluster.

Among clusters for CRFO7_BC pol sequences, 14 MSM
(21.21%) were observed to have only 1 potential linked partner,
and 52 (78.79%) had >2 potential linked partners.

We also determined the robustness of genetic linkage by the
exclusion of sites associated with drug resistance that may be a
confounding factor due to convergent evolution for mutations
conferring drug resistance. The agreement rates of partner pairs with
or without the sites associated with drug resistance for CRFO1_AE
and CRF07_BC pol sequences were 94.75% and 93.94%,
respectively. If we excluded 35 codons in CRFO1_AE pol sequences
associated with drug resistance, an additional pair of individuals
were linked, while 4 individuals in 2 clusters >2 linked individuals
were unlinked (agreement rate: 94.75%). For CRF07_BC pol
sequences, one pair of individuals were linked, while 3 individuals in
the biggest cluster were unlinked (agreement rate: 93.94%).

4. Discussion

Sichuan province has the highest prevalence of HIV/AIDS in
China, and MSM homosexual transmission in this province has
gradually become the fastest growing transmission in the recent
10 years.”! ART has resulted in marked improvements in
morbidity and mortality from HIV-1 infection. Analyses of the
prevalence of HIV-1 resistant variants and linking-associated
factors for genetic transmission networks in MSM with virologic
failure in ART would provide great implications for the
successful management and treatment options of ART.

In our study, we found that the prevalence of drug resistance was
50.68% in MSM with virological failure in ART. CRF52_01BC
and CRFS55_01B strains were newly isolated among MSM, which
suggested that HIV-1 genetic diversity among MSM had increased
in this area. The diversity of HIV subtype was also found in other
places of China.l***”! Moreover, we found that the CRFO1_AE
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CRF_07BC
CRF_0OIAE
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Figure 1. Phylogenetic tree analyses of the HIV-I pol sequences in men who have sex with men with virologic failure in antiretroviral therapy.

Drug resistance associated mutations among MSM with virologic failure in ART.

B CRFO1_AE CRF07_BC CRF08_BC Others
Resistant (mutation rate, n/N%) (mutation rate, n/N%) (mutation rate, n/N%) (mutation rate, n/N%) (mutation rate, n/N%)
mutations N=14 N=365 N=315 N=22 N=18
Pls 150IMAV - 2 (0.55) - - -
M46L - 3(0.82 - - -
1471T - 1(0.27) - - -
K103KN - - - 1 (4.55) -
K20I/R - 17 (4.66) 1(0.32) - -
K43T - - 1 (0.32) - -
L33ILV - - 1(0.32) - -
Q58E - - 6 (1.90) 1 (4.55) -
T74S/ST - 4(1.10) - - -
V11V - 10.27) - - -
Va2l - 2 (0.55) 10 3.17) 1 (4.55) -
NRTIs AB2AVN 1(7.14) 8 (2.19 4 (1.27) 1 (4.55) -
D67DN/N - 63 (17.26) 12 (3.81) - 2 (11.11)
E44ED/D - 3(0.82) - - -
Fr7L - 1(0.27) - - -
K219E/Q/EK/KQ - 31 (8.49) 6 (1.90) - -
KB5KR/R 4 (28.57) 49 (13.42) 22 (6.98) 1 (4.55) 2 (11.11)
K70E/R/KR 2 (14.29) 52 (14.25) 15 (4.76) - 3(16.67)
L21OW/LWLSW 1(7.14) 12 (3.29) 4 (1.27) - -
L74INV/IL 2 (14.29) 20 (5.48) 1(0.32) - -
M184V/l 4 (28.57) 175 (47.95) 46 (14.60) 4 (18.18) 7 (38.89)
M41L/LM 3 (21.43) 27 (7.40) 5 (1.59) - 1 (5.56)
T215F/Y 1(7.14) 47 (12.88) 4 (1.27) - -
TEIN/NT - 17 (4.66) 3(0.95) 1 (4.55) -
V75M/LI 1(7.14) 30 (8.22) 1(0.32) - -
Y115F/FY 1(7.14) 27 (7.40) 5 (1.59) - -
(continued))
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(continued).

B CRFO1_AE CRF07_BC CRF08_BC Others
Resistant (mutation rate, n/N%) (mutation rate, n/N%) (mutation rate, n/N%) (mutation rate, n/N%) (mutation rate, n/N%)
mutations N=14 N=365 N=315 N=22 N=18
NNRTIs A9BAG/G 1(7.14) 9 (2.47) 4(1.27) 1 (4.55) 1 (5.56)
E138Q/G/A - 13 (3.56) 1(0.32) 1 (4.55) -
F227FLL 1(7.14) 27 (7.40) 6 (1.90) 1 (4.55) 1 (5.56)
G190A/AG/S 2 (14.29) 71 (19.45) 25 (7.94) 3 (13.64) 2 (11.11)
H221HY/Y - 18 (4.93) 5 (1.59) - -
K101E/EK/P 1(7.14) 34 (9.32) 28 (8.89) 3 (13.64) 2 (11.11)
K103N/KN 1(7.14) 95 (26.03) 53 (16.83) 3 (13.64) 2 (11.171)
K238T/KN 1(7.14) 7.(1.92) 1(0.32) - -
L100I/LI - 12 (3.29) 2 (0.63) - -
M230L/LM - 21 (5.75) - - -
P225H/PH - 21 (5.75) 5 (1.59) - -
V106M/MA/MV 2 (14.29) 82 (22.47) 20 (6.35) 1 (4.55) 2 (11.11)
V108I/AV 1(7.14) 17 (4.66) 2 (0.63) - -
V179D/E 3 (21.43) 59 (16.16) 11 (3.49) 1 (4.55) 1 (5.56)
VoIV - 15 (4.11) 1(0.32) - -
Y181C/CY 2 (14.29) 58 (15.89) 26 (8.25) 1 (4.55) 2 (11.11)
Y188L/C - 17 (4.66) 9 (2.86) - -

ART =Vvirologic failure in antiretroviral therapy, MSM=men who have sex with men, NNRTIs =non-nucleoside reverse transcriptase inhibitors, NRTIs =nucleoside reverse transcriptase inhibitors, Pls =protease

inhibitors.

and CRF07_BC were the 2 overarching circulating strains in
MSM in Sichuan province. The CRF_01AE was transmitted
through heterosexual activities in Southeast Asia and Chinese
southeast coastal provinces,'*®! and was identified among Chinese

HIV-infected MSM in 2005. CRF_07BC was firstly detected from
IDUs in Guangxi province in 1997, and was mainly circulated
among injection drug users in Northwest and Southwest China.?!
CRFO01_AE and CRF07_BC strains were also found to be the main
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Figure 2. The transmission networks of CRFO1_AE and CRFO7_BC sequences. (A) A total of 64 CRFO1_AE sequences were used for genetic transmission
network analysis, and the biggest cluster had 16 sequences. (B) A total of 66 CRFO7_BC were used for genetic transmission network analysis, and the biggest

cluster had 52 sequences.
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Distributions of the demographic information in MSM within the HIV-1 genetic transmission network.

CRFO1_AE sequences

CRF07_BC sequences

Within transmission Total sequences P for fisher Within transmission Total sequences P for fisher

Characteristics network, n=64 (n/N, %) N=283 exact tests network, n=66 (n/N, %) N=230 exact tests
Locations

Chengdu 18 (21.69) 83 21 (31.34) 67

Deyang 12 (35.29) 34 11 (36.67) 30

Mianyang 7 (21.88) 32 9 (31.03) 29

Others 27 (20.15) 134 320 25 (24.04) 104 478
Age, years

15-35 42 (23.86) 176 43 (30.07) 143

36-50 16 (18.39) 87 18 (29.03) 62

>51 4 (23.53) 17 4 (16.67) 24

Unknown 2 (66.67) 3 210 1 (100.00) 1 251
Occupation

Student 5 (27.78) 18 4(30.77) 13

Farmer 4 (11.76) 34 11 (32.35) 34

Employed 34 (25.56) 133 32 (29.91) 107

Unemployed 17 (22.97) 74 15 (25.86) 58

Unknown 4 (16.67) 24 450 4 (22.22) 18 .928
Marital status

Unmarried 50 (23.92) 209 45 (29.41) 153

Married 5 (20.83) 24 9 (24.32) 37

Divorce or death 9 (18.00) 50 719 12 (30.00) 40 .864
Education

Illiteracy 0 (0.00) 1 0 (0.00) 0

Primary 3 (14.29) 21 7 (26.92) 26

Junior 20 (22.73) 88 21 (28.77) 73

Senior 24 (23.53) 102 22 (30.56) 72

College or above 17 (23.94) 71 .890 21 (35.59) 59 .818
Viral load, copies/ml

100010000 23 (21.50) 107 29 (32.58) 89

10,001-50,000 20 (21.74) 92 22 (29.33) 75

50,001-100,000 7 (23.33) 30 6 (23.08) 26

>100000 14 (25.93) 54 923 9 (22.50) 40 .637
CD4™*, cell/ul

<200 30 (20.98) 143 11 (25.00) 44

200-500 31 (25.20) 123 48 (30.38) 158

>500 3 (17.65) 17 <.001 7 (25.00) 28 767
Drug resistance

No 37 (37.00) 100 55 (36.42) 151

Yes 27 (14.75) 183 <.001 11 (13.92) 79 <.001

HIV-1=human immunodeficiency virus type 1, MSM=men who have sex with men, VL=viral load.

circulating strains among MSM in several cities of China,3%-3?!

which were similar to our results.

The incidence of drug resistance to NNRTIs (48.64 %) was higher
than that of NRTTs (36.51%) in patients with ART, which indicated
that NRTI would have better therapeutic efficacy in ART when
compared with NNRTTL. It is reported that drug resistance has been
more often occurred in NNRTIs, followed by NRTIs and PIs among
HIV-1 infected patient.*>3* Incomplete suppression of HIV may
contribute to drug resistance, and mutations in HIV reverse
transcriptase and protease would be the molecular basis of drug
resistance.>*! Therefore, the main genetic mutations associated with
resistance were identified in NRTIs and NNRTIs, but mutations
were less observed in PIs. A similar pattern was also found in other
places in China and low- and middle-income countries.!*3=3¢!

M184V/I was the most common NRTI-related mutation, which
might be due to the frequent use of Lamivudine (3TC) in ART, and
3TC resistance mutation M184V/I was highly prevalent in HIV-1
infected patients.*”>*1 M184V/I may alter the optimal binding of
NRTIs and decrease 3TC removal and enzymatic processivity, and

results in drug resistance.®” We observed that K103N/KN,
V106 M/MA/MV, G190A/AG/S, and Y188L/C are the major
NNRTI-related mutations in China and other countries,[***!!
which may be the result of the wide-spread use of NNRTIs. A study
in Henan province showed a similar mutation pattern related to
NNRTIs with our study.®®! NNRTIs associated drug resistant
mutations could greatly impact viral replicative fitness, and
therefore cause persistent of virus in the absence of antiretroviral
drugs and promote infection to a new host.[*?!

With the development of the economy of China, cities have
attracted an increasing number of migrant people, and people
usually flow between different cities. The transmission networks
of HIV-1 among MSM were mainly from different cities, such as
the biggest cluster with 52 sequences of CRFO7_BC from 16
cities. The main reason might be the wide application of Gay
mobile apps, which allows convenient seeking of sexual
partners.** HIV-1 infected patients in the transmission networks
from different cities also reflect the frequent mobility and multiple
sexual partners of MSM.
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Our studies showed that most (57.81% for CRFO1_AE and
62.12% for CRF07_BC) of the MSM in networks were
concentrated in Chengdu (the capital city of Sichuan province)
and its surrounding cities. MSM is easily recognized by
acquaintances and reluctant to stay in their hometowns due to
stigma and social discrimination in China.®*! Most of the MSM
concentrated in urban cities, where they are more inclusive of
sexual orientation and more easily constructed for close social
and sexual networks.**! Moreover, we found about 70% MSM
had >2 potential transmission partners for both CRFO1_AE and
CRFO07_BC sequences, which means individuals with multiple
links could potentially have higher transmission risk. Therefore,
more attention should be paid to the earlier diagnosed HIV-
infected subjects with multiple links, who may be still active in
transmission networks and be the key intervention targets.
Besides, analyses of genetic transmission networks could
investigate the relationships between infected MSM, and
understand how HIV is spread within MSM and further deliver
interventions for providing more testing services and in time
treatment after diagnosis to this population.

The sequences of drug resistance to ART in the genetic
transmission networks were less than those without drug
resistance. Reconstructed resistant viruses had lower replicative
capacity than that of pre-therapy counterparts, and thus the drug-
resistant mutations may impair the activity of protease and
replicative capacity.**! The previous study indicated that
reconstructed resistant viruses had a lower replicative capacity
when compared with wild type strain without ART. However,
the genetic mutation of wild type strain would be replaced by
drug-resistant mutations without the condition of ART.!*¢!
Therefore, effective and in-time treatment for HIV-1 infected
patients could curb the spread of the virus.

There are 4 limitations worth mentioning. First, this study was
cross-sectional, so time-based sequence and cause-effect relation-
ships among these variables cannot be established. Second, only
several demographic characteristics were collected in our study.
There are many other factors associated with drug resistance and
transmission networks, such as drug complications, number of
sexual partners and unprotected sexual behaviors, and these
factors should be taken into consideration in future studies.
Third, we did not exclude the sites associated with drug resistance
that may be a possible confounding factor due to convergent
evolution for mutations conferring drug resistance. That may
overestimate the linkage network, but we found the genetic
linkage network was robust to the inclusion or exclusion sites
associated with drug resistance. Fourth, we did not perform the
sequencing analysis among MSM who were not on ART or with
a successful ART, which may not catch most transmission
network, future studies on HIV-1 sequences in all MSM could
better explain the transmission networks.

5. Conclusions

To our knowledge, we were the first to investigate the genetic
diversity of HIV-1, drug resistance and transmission networks
among MSM with virologic failure in ART in Sichuan Province. We
found that the CRFO1-AE and CRF07-BC were the main strains in
MSM with virologic failure in ART, and the drug resistance-
associated mutations were more frequently occurred in NNRTIs,
followed by NRTIs and PIs. Genetic transmission network analyses
revealed a complexity of transmission pattern, which suggested
early-diagnosis and in-time intervention among MSM.
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