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Molecular transmission network analysis gkl

reveals the challenge of HIV-1 in ageing
patients in China: elderly people play a crucial
role in the transmission of subtypes and high
pretreatment drug resistance in developed
Eastern China, 2019-2023

Dongging Cao', Hui Xing?', Yi Feng?’, Tingting He"", Jiafeng Zhang®", Jiafeng Ling', Jingkun Chen' and
Jiana Zhao*

Abstract

Background The number and proportion of HIV/AIDS patients among older people are continuously and rapidly
increasing in China. We conducted a detailed molecular epidemiological analysis of HIV-1 epidemic strains in a devel-
oped city in eastern China and found that elderly people play a crucial role in the transmission of subtypes and high
pretreatment drug resistance (PDR).

Methods A total of 1048 samples were obtained from 1129 (92.8%) newly confirmed HIV-1-positive and treatment-
naive patients between 2019 and 2023. The 1316 bp target fragment of the pol gene was amplified by reverse
transcription polymerase chain reaction (RT—PCR) and nested PCR, and Maximum-likelihood (ML) phylogenetic trees
and molecular transmission network were constructed to analyse the subtypes and transmission clusters. Molecular
transmission network was visualized using Cytoscape with the distance threshold of 0.0075. PDR-associated muta-
tions were determined according to the Stanford University HIV Drug Resistance Database.

Results A total of 933 pol sequences (89.0%, 933/1048) were successfully obtained, and twelve HIV-1 subtypes
were detected. CRFO7_BC was the predominant subtype, accounting for 48.1% (449/933) of sequences, followed

by CRFO1_AE (29.4%, 274/933). A total of 398 individuals (42.7%, 398/933) formed 89 clusters in the network. Multi-
variable logistic regression analysis revealed that age, nationality, subtype, and PDR were the most significant factors
associated with clustering in the transmission network. The prevalence of PDR was 14.6% (136/933).PDR associated
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with non-nucleoside reverse transcriptase inhibitors (10.0%, 93/933) was much more common than that associated
with nucleoside reverse transcriptase inhibitors (1.8%, 17/933) and protease inhibitors (3.2%, 30/933) ()(2:77.961,
p<0.001). The most frequent NNRTI mutations were K103N/S/KN/NS (52.2%, 71/136), which led to the highest pro-
portion of high-level resistance to nevirapine and efavirenz (52.2%).

Conclusions Our study revealed the important influence of elderly people on CRFO7_BC transmission and the high
prevalence of PDR. The clustering of drug-resistant cases was significant, which suggested the potential for localized
widespread transmission of drug-resistant strains. HIV screening and the determination of PDR are recommended
for older patients to improve early detection and reduce treatment failure and second-generation transmission.

Keywords HIV-1, Subtype, Transmission network, Molecular epidemiology, PDR, Pretreatment drug resistance

Background

HIV/AIDS remains one of the most important threats
to public health. According to the Joint United Nations
Programme on HIV/AIDS (UNAIDS) report in “THE
PATH THAT ENDS AIDS’, the number of people living
with HIV/AIDS (PLWH) globally by the end of 2022 was
39 million, with 1.3 million new infections and approxi-
mately 630,000 people dying from AIDS-related illnesses.
According to the infectious disease surveillance data of
the China Disease Control and Prevention Information
System, by the end of 2022, there were 1.22 million liv-
ing PLWH in China, among which 107,000 PLWH were
newly diagnosed in 2022 [1]. China is facing the chal-
lenge of an ageing population. By 2022, individuals aged
50 years and older accounted for 36.8% of the total popu-
lation [2]. At the same time, the number of PLWH aged
50 years and older continues to increase [3]. The AIDS
epidemic in China is also facing challenges related to age-
ing: the proportion of people with newly reported HIV
infections aged older than 50 years increased from 22% in
2011 to 44% in 2020 and reached 48.1% in 2022 [1]. How-
ever, there are few studies on HIV transmission among
older adults. Men who have sex with men (MSM) are
major drivers of HIV transmission in the developed east-
ern regions of China [4—6]. In contrast, the role of elderly
people in HIV and drug resistance transmission might be
significantly underestimated.

A molecular transmission network can be used to
reveal HIV transmission relationships and patterns
among infected individuals via phylogenetic analysis of
viral sequences [7] based on the high genetic diversity of
HIV-1. In recent years, the application of this network
has shown initial results in detecting virus transmission
and drug resistance as well as developing precise inter-
ventions for targeted populations. Multiple studies have
revealed the diversity of HIV-1 prevalence in China, with
regional distributions, transmission modes and different
prevalences among high-risk groups [8, 9].

This study was designed to reveal the local transmis-
sion patterns of HIV though molecular epidemiological

analysis, especially focused on the impact of older people
on HIV and PDR transmission. This high proportion of
sampling could reflect the characteristics of HIV-1 trans-
mission in Shaoxing more comprehensively and reduce
deviation and insufficiency. Our study aimed to provide
evidence to inform the development of targeted interven-
tion strategies.

Methods

Study population and data collection

From January 1, 2019, to September 30, 2023, 1048
samples were obtained from 1129 (92.8%) newly con-
firmed HIV-1-positive and treatment-naive patients by
the Shaoxing Centers for Disease Control and Preven-
tion (Shaoxing CDC) during the first follow-up visit.
The plasma was separated on the day after sampling and
stored at —80 °C. The inclusion criteria were as follows:
(1) were aged 16 years and older; (2) were newly diag-
nosed with HIV-1; and (3) had not received antiretrovi-
ral therapy (ART) before enrolment. Sociodemographic
information was obtained from the National Center for
AIDS/STD Control and Prevention (NCAIDS) informa-
tion systems.

HIV nucleic acid extraction, amplification and sequencing
HIV RNA was extracted using an automated nucleic acid
extraction machine (NP968-C system) and the Tianlong
RNA Extraction Kit (Tianlong, Xian, China) according
to the manufacturer’s standard protocol. If the initial
extraction was unsuccessful, another RNA extraction was
performed using the High Pure Viral RNA Kit (Roche,
Germany). The obtained RNA was amplified using a Pri-
meScript One Step RT-PCR Kit (Takara, Dalian, China)
for reverse transcription polymerase chain reaction (RT-
PCR) and nested PCR for the pol gene (HXB2: 2253—
3306) as previously described [10]. After electrophoretic
analysis, the amplified positive products were sent to
BioGerm Biotechnology Co., Ltd., for purification and
gene sequencing.
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HIV subtype analysis

The sequences were assembled and adjusted with
Sequencher v5.4.6 software (Genecodes, Ann Arbor, MI).
Sequences with>5% ambiguous bases were excluded
from the study. If several sequences from the same
patient were available in the database, only the oldest was
retained. The assembled sequences were aligned, edited,
and analysed with BioEdit 7.2 software using references
downloaded from the Los Alamos National Labora-
tory (LANL) HIV sequence database (https://www.hiv.
lanl.gov). Maximum-likelihood (ML) phylogenetic trees
for different HIV-1 subtypes were constructed with I1Q
Tree 2.0.6 under the GTR+G+I nucleotide substitu-
tion model. Sequences with bootstrap values >70% were
determined to be the same subtype as the reference
sequence. Sequences with possible intersubtype recom-
bination were analysed using Simplot v 3.5.1. Then, the
web-based tool iTOL v6.0 (https://itol.embl.de/) was
used to visually edit the sequences for further analysis
of geographic locations, phylogenetic clusters, and risk
groups.

Genetic transmission network analysis

HIV Trace was used to calculate the genetic distances
(GDs) based on the Tamura-Nei 93 (TN93) model. We
performed analyses at different GD thresholds (ranging
from 0.0025 to 0.015 at intervals of 0.0025) and selected
the GD with the maximum number of transmission clus-
ters. Cytoscape v3.7.2 software was used to visualize the
HIV molecular transmission network. Each node in the
network represents an individual pol sequence or case,
and each edge represents the propagation correlation
between the nodes. The greater the number of edges is,
the greater the inferred communication relationship with
more people, and the greater the transmission risk. In
this study, according to the aggregation degree of nodes,
sequences were divided into large clusters (LCs,>10
nodes), medium clusters (MCs, 4—9 nodes) and small
clusters (SCs, 4-9 nodes). In addition, individuals
with>4 links were identified as high-risk transmission
individuals [11].

Drug resistance analysis

The pol sequences were submitted to the Stanford
University HIV Resistance Database HIVdb Program
(https://hivdb.stanford.edu/hivdb/bysequences/). Drug
resistance mutations (DRMs) and their associated
resistance levels were determined using the Stanford
University HIV Drug Resistance Database as follows: sus-
ceptible, potential low-level resistance, low-level resist-
ance, intermediate resistance, and high-level resistance,
according to the Stanford penalty.
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Statistical analysis

Descriptive statistics were performed on sociodemo-
graphic parameters to compare patients in transmission
clusters, patients in LCs, and patients with high link-
age. Categorical variables were compared using Pear-
son’s chi-square test or Fisher’s exact test. Univariate and
multivariate logistic regression analyses were performed
to identify factors associated with clustering and high-
risk individuals. Significant variables identified from the
univariate analysis (P<0.10) were included in a multiple
logistic regression model to determine the factors that
influence HIV clustering. P values less than 0.05 were
considered to indicate statistical significance. Data were
analysed using IBM SPSS Statistics 26.0 (IBM Corp.,
Armonk, NY, USA). P values were two-sided with a sig-
nificance level of 0.05.

Results

Patient demographic characteristics

A total of 933 (89.0%, 933/1048) qualified sequences
were obtained, representing 82.6% (933/1129) newly
diagnosed HIV-positive patients in Shaoxing city from
2019 to 2023. As shown in Table 1, the patients were
mainly male (82.1%, 766/933) and local residents (84.1%,
785/933); 52.9% (494/933) of patients were married,
33.8% (315/933) had a junior middle school education,
61.8% (577/933) were infected through heterosexual
contact, and 48.1% (449/933) were infected with the
CRF07_BC subtype. A total of 38.3% (357/933) of the
individuals were older than 50 years, and the median age
for the entire cohort was 44 years (ranging from 18 to
81 years). There was a significant difference in the com-
position of subtypes between the > 50-year-old group and
the < 50-year-old group (y’=36.929, P<0.001).

HIV subtype distribution

Twelve HIV-1 subtypes and a proportion of unique
recombinant forms (URFs) were identified from the 933
pol sequences. CRF07_BC was the predominant subtype,
accounting for 48.1% (449/933) of sequences, followed by
CRFO1_AE (29.4%, 274/933). The other subtypes detected
were CRF08_BC (11.3%, 105/933), CRF85_BC (3.3%,
31/933), CRE55_01B (2.5%, 23/933), B (1.4%, 13/933),
C (0.8%, 7/933), CRF87_cpx (0.3%, 3/933), CRE57_BC
(0.2%, 2/933), 02_AG (0.1%, 1/933), URE (CREO1_AE/
CRF07_BC) (2.47%, 23/933), URE (CRFO1_AE/B) (0.1%,
1/933), and URF (B/C) (0.1%, 1/933).

By constructing the ML phylogenetic trees of the dif-
ferent HIV-1 subtypes (Fig. 1), we found that there was
a large evolutionary clade in the CRF07_BC subtype
named C1. A total of 94.2% (65/69) of the CRF07_BC-C1
individuals were infected through heterosexual contact,
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Table 1 Sociodemographic Characteristics of newly diagnosed HIV-1 patients in Shaoxing from 2019 to 2023
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Categories Cases(%) (n=933) HIV subtypes(%) x2
CRF07_BC (n=449) CRFO1_AE (n=274) Others(n=210)?
Collection time 16.236 0.039
2019 222(23.8) 128(28.5) 61(22.3) 33(15.7)
2020 181(19.4) 77(17.1) 53(19.3) 51(24.3)
2021 10(22.5) 100(22.3) 64(23.4) 46(21.9)
2022 1 89(20,3) 88(19.6) 56(204) 45(21.4)
2023 131(14.0) 56(12.5) 40(14.6) 35(16.7)
Sex 5427 0.066
Male 766(82.1) 366(81.5) 236(86.1) 164(78.1)
Female 167(17.9) 83(18.5) 38(13.9) 46(21.9)
Age(years) 52.198 <0.001
<25 124(13.3) 75(16.7) 33(12.0) 16(7.6)
26-39 266(28.5) 127(28.3) 103(37.6) 36(17.2)
40-49 186(19.9) 89(19.8) 56(204) 41(19.5)
50-59 223(23.9) 103(22.9) 53(19.4) 67(31.9)
>60 134(14.4) 55(12.3) 29(10.6) 50(23.8)
Ethnicity 0.202 0.904
Ethnic Han 882(94.5) 426(94.9) 258(94.2) 198(94.3)
Others 51(5.5) 23(5.1) 16(5.8) 12(5.7)
Married status 19.342 0.004°
Single 288(30.9) 149(33.2) 97(35.4) 42(20.0)
Married 494(52.9) 235(52.3) 132(48.2) 127(60.5)
Divorced/Widowed 145(15.5) 62(13.8) 42(15.3) 41(19.5)
Unknow 6(0.6) 3(0.7) 3(1.1) 0
Education 36.202 <0.001
Junior college or above 163(17.5) 68(15.1) 69(25.2) 26(12.4)
High or technical secondary school  198(21.2) 113(25.2) 58(21.2) 27(12.9)
Junior middle school 315(33.8) 157(35.0) 79(28.8) 79(37.6)
Primary school/illiterate 257(27.5) 111(24.7) 68(24.8) 78(37.1)
Household registered 5374 0.251
Other provinces 96(10.3) 41(9.1) 25(9.1) 30(14.3)
Other cities in Zhejiang 52(5.6) 23(5.1) 18(6.6) 11(5.2)
Shaoxing city 785(84.1) 385(85.8) 231(84.3) 169(80.5)
Sexual contact 53657  <0001°
Heterosexual 577(61.8) 250(55.7) 157(57.3) 170(80.9)
Homosexual 338(36.2) 188(41.9) 115(42.0) 35(16.7)
IDUs 4(04) 4(0.9) 0 0
Unknow 14(1.5) 7(1.5) 2(0.7) 5(2.4)

2: Others were CRF08_BC 105, CRF85_BC 31,CRF55_01B 23,B 13,C 7,CRF87_cpx 3,CRF57_BC 2,02_AG 1, URF(B/C) 1, URF (CRFO1_AE/_B) 1 and URF (CRFO1_AE/CRF07_

BC) 23; ®:Fisher’s exact test

88.4% (61/69) were older than 50 years, and 88.4% (61/69)
were drug resistant. CRFO1_AE in Shaoxing city was
homologous to several CRFO1_AE epidemic clusters in
China. The major subclusters were CRFO1_AE Clusterl
(23.7%, 65/274), CRFO1_AE Cluster4 (19.3%, 53/274) and
CRFO01_AE Cluster5 (8.6%, 24/274). The other detected
subclusters were CRFO01_AE Cluster8 (1.5%, 4/274),
CRFO1_AE Cluster2 (1.5%, 4/274), and CRFO1_AE

Cluster3 (1.8%, 5/274). Individuals in the largest subclus-
ter, CRFO1_AE Clusterl, were mainly infected through
heterosexual transmission (95.4%, 62/65), and 63.1%
(41/65) of the patients were over 50 years old. In addition
to the two major HIV-1 subtypes, the other HIV-1 sub-
types were concentrated among heterosexual individuals
(81.0%, 170/210).
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Fig. 1 Maximum-likelihood phylogenetic trees of patients infected with different HIV-1 subtypes in Shaoxing city from 2019 to 2023.The
phylogenetic trees based on the pol region of different HIV-1 subtypes were constructed by an approximate maximumlikehood method with IQ
Tree 2.0.6 under the GTR+G+ nucleotide substitution model. Clades of different colours represent different HIV-1 subtypes and subclusters. The
inner circle red colour square box represents ressistances individuals; the outer circles shows the risk group, Black colour square box represents
heterosexual individuals, White colour square box represents homosexual individuals. A Maximum-likehood phylogenetic tree of CRF07_BC. B
Maximum-likehood phylogenetic tree of CRFO1_AE.C Maximim-likehood phylogenetic tree of other HIV-1 subtypes.

Genetic transmission network analysis

At the optimal GD of 0.0075 substitutions/site, 398 indi-
viduals (42.7%, 398/933) formed 98 clusters (mean 4.1,
median 2.0, range 2—64, interquartile range 2-3.75) and
1534 edges (mean 7.7, median 3.0, range 1-59, interquar-
tile range 1-5) (Table 2 and Fig. 2). Among the 98 clus-
ters, the subtypes included CRF07_BC (51.3%, 204/398),
CRF01_AE (22.4%, 89/398), CRE08_BC (15.3%, 61/398),
CRE85_BC (6.0%, 24/398), CRF55_01B (2.5%, 10/398),
B (1.0%, 4/398), C (1.0%, 4/398) and URF (CRFO1_AE/
CRF07_BC) (0.5%, 2/398). There were 4 LCs (4.1%,

4/98), 21 MCs (21.4%, 21/98), and 73 SCs (74.5%, 73/98).
Eight MCs clustered patients who were diagnosed after
2021, and 18 clusters exhibited an increasing number of
cases> 3 from 2021 to 2023. CRF07_BC formed the most
clusters (nodes ranging from 2 to 64) in the network. We
also observed that 21.4% (85/398) of the PDR patients
were included in the transmission network. A total of
65.9% (56/85) of the PDR patients were concentrated in
the LC1 cluster (Table 2 and Fig. 2).

The proportions of PDR in patients with different sub-
types were 35.8% (73/204), 4.5% (4/89), and 7.6% (8/105)
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Table 2 Molecular network clustering of different HIV-1 subtypes in Shaoxing city from 2019 to 2023
Subtypes Cases(n) Clusters(n) SCs(2-3 nodes) MCs(4-9 nodes) LCs(> 10 nodes) Maximum
cluster
cases(n)

Total 398 98 73 21 4 -
CRF0O7_BC 204 43 30 12 1 64
CRFO1_AE 89 31 26 4 1 16
CRF08_BC 61 12 8 3 1 28
CRF85_BC 24 4 2 1 1 16
CRF55_01B 10 3 2 1 0 6
B 4 2 2 0 0 2
C 4 2 2 0 0 2
URF(CRFO1_AE/ 2 1 1 0 0 2
CRF07_BC)
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Fig. 2 Molecular transmission network analysis of patients infected with different HIV-1 subtypes in Shaoxing city from 2019 to 2023. All edges
represent a genetic distance between nodes of less than 0.0075 substitution/site, and the colour of the node indicates the different HIV-1 subtypes.
Different shapes denote sex, and the mode size indicates the number of associated links. Thick border represents resistances individuals.

Represents FSW individuals

for CRF07_BC, CRFO1_AE, and other subtypes, respec-
tively. The proportion in the CRF07_BC subtype was sig-
nificantly greater than those of the CRFO1_AE and other
subtypes (y*=52.148, p <0.001)(Fig. 2).

Of the four LCs, the CRF07_BC cluster (LC1) had
64 nodes, the CRFO8_BC cluster (LC2) had 28 nodes,
the CRFO1_AE cluster (LC3) had 16 nodes and the

CRF85_BC cluster (LC4) had 16 nodes (Fig. 2). All
four LCs were defined as elder heterosexual infection
clusters. A total of 124 nodes were identified; 93.5%
(116/124) were predominantly infected through hetero-
sexual contact, and 80.6% (100/124) were aged 50 years
or older. There were 34 females, 52.9% (18/34) of whom
were infected by spouses or regular sexual partners. In
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addition, 4 female sex workers (FSWs) from other prov-
inces were included in these clusters, including two
patients in LC1, one patient in LC2 and one patient in
LC3. The largest cluster (LC1) contained 64 nodes, a
mean of 33 edges (median 39, range 1-59, interquar-
tile range 18-47), and a mean GD of 0.0051 (median
0.0052, interquartile range 0.0042-0.0062). Among the
64 patients, 90.6% (58/64) were local residents, 85.9%
(55/64) had a junior middle school education or below,
93.8% (60/64) were infected through heterosexual trans-
mission, 87.5% (56/64) were drug resistant, and 32.8%
(21/64) were female; most females (66.7%, 14/21) were
detected after their spouses or regular sexual partners
were confirmed to be HIV positive. The characteristics of
the four LCs are shown in Table 3.

Factors associated with clustering and high linkages

Of the individuals included in the clusters, 78.6%(313/398)
were male, 50.0%(199/398) were>50 vyears old,
59.5%(237/398) were married, 51.3%(204/398) were
infected with CRF07_BC, 88.2%(351/398) were local resi-
dents, and 67.8%(270/398) were infected through het-
erosexual transmission (Table 4). Multivariate logistic
regression analysis revealed that age, nationality, subtype,
and PDR were the most significant factors associated with
clustering in the transmission network (Table 4). Patients
aged > 50 years were more likely to cluster within the net-
work (adjusted odds ratio [AOR] =1.868, 95% confidence
interval [CI] 1.329-2.625). We also found that individuals
with PDR were more likely to cluster than those without
PDR (AOR=2.219, 95% CI 1.491-3.301). Individuals in
other ethnic groups (AOR=0.464, 95% CI 0.232-0.925)
and with CRFO1_AE (AOR=0.678, 95% CI 0.487-0.944)
had significantly lower odds of clustering than Han indi-
viduals and patients with CRF07_BC.

We defined nodes with >4 links as high-risk individu-
als. Multivariate logistic regression analysis also revealed
that age, subtype, and PDR were significant factors asso-
ciated with high-risk individuals (Table 4). The results
showed that the effect of age >50 years was 5.149 times
greater than that of age <50 years (95% CI=2.689-9.859),
that of individuals with PDR was 3.899 times greater
than that of individuals without PDR (95% CI=1.971—
7.711), and that of CRFO1_AE and other subtypes were
0.303 times (95% CI=0.148-0.622) and 0.410 times (95%
CI=0.214-0.786) greater than that of CRF07_BC.

Drug resistance mutation analysis

The prevalence of PDR among newly diagnosed patients
was 14.6% (136/933). Eleven protease inhibitor (PI)
resistance-associated mutation patterns, 10 nucleoside
reverse transcriptase inhibitor (NRTI) mutation patterns,
and 13 non-nucleoside reverse transcriptase inhibitor
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(NNRTI) mutation patterns were identified. The overall
prevalence of HIV-1 PDR to NNRTIs (10.0%, 93/933) was
much greater than that to NRTIs (1.8%, 17/933) and PIs
(3.2%, 30/933) (y*=77.961, p<0.001). In individuals with
NNRTI resistance, the most frequent mutations were
K103N/S/KN/NS (52.2%, 71/136), which were respon-
sible for the greatest proportion of high-level resistance
to nevirapine (NVP) and efavirenz (EFV) (52.2%). In
individuals with PI resistance, resistance to tipranavir
(TPV/r) was the most common (16.2%, 22/136), which
was mainly related to the Q58E/QE mutation (14.7,
20/136)(Fig. 3). Four (2.9%, 4/136) strains harboured two
classes of drug resistance mutations. No HIV-1 strains
with PDR mutations to three classes of drugs were found
in this study.

Discussion

A genetic transmission network based on the HIV-1 pol
gene is widely used in HIV-targeted precision interven-
tion [4, 12—14]. A high coverage rate of sample collection
(>60%) is conducive to avoiding bias caused by insuf-
ficient sampling [15]. Via consecutive cross-sectional
sampling of a high proportion of newly diagnosed HIV-1
patients between 2019 and 2023 and a detailed molecular
epidemiological approach, we constructed a molecular
network for Shaoxing, a developed city in eastern China.
We detected a high rate of infection, clustering in the
transmission network, and a high number of linkages in
elderly people (>50 years) in Shaoxing. In addition, four
large molecular clusters were identified in people over
50 years old, and the largest molecular cluster had a high
proportion of patients with PDR (87.5%, 56/64), which
has never been observed before, suggesting that people
over 50 years of age are the main drivers of HIV trans-
mission in Shaoxing. The spread of drug-resistant molec-
ular clusters resulted in a high rate of PDR in Shaoxing,
a typical epitome of the HIV epidemic in ageing people
in China. Our study provides a basis for the assessment
of epidemic development and the formulation of targeted
prevention and intervention strategies.

The CRF07_BC subtype formed the largest number
of clusters in the network (Table 2) and was present in
significantly greater proportions in different years, male
patients, and elderly people over 50 years old compared
with the other subtypes (Table 1). These findings indi-
cated that CRF07_BC spreads rapidly through people
over 50 years old, which may be related to the transmis-
sion characteristics of CRF07_BC [16]. Its pathogenicity
is less pronounced than that of the CRFO1_AE and B sub-
types [17], but it has greater transmission efficiency and
slower disease progression in group of men who have sex
with men. Therefore, CRFO7_BC represents a new form
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Fig. 3 A:Frequency of HIV-1 pretreatment drug resistance (PDR) mutations to Pls, NRTls, and NNRTIs. B: Level of HIV-1 PDR associated mutations
to different ART drug among 136 newly diagnosed HIV/AIDS patients. PI, Protease inhibitor; NRTI, Nucleoside reverse transcriptase inhibitor; NNRTI,
Non-nucleoside reverse transcriptase inhibitor; ATV/r:Atazanavir/ritonavir; FPV/R:Fosamprenavir/ritonavir; IDV/r:Indinavir/ritonavir; LPV/r:Lopinavir/
ritonavir; NFV:Nelfinavir; SQV/r:Saquinavir/ritonavir; TPV/r: Ritonavir/ritonavir; ABC: Abacavir; AZT: Zidovudine; D4T: Stavudine; DDI: Didanosine; FTC:
Emtricitabine; 3TC, Lamivudine; TDF, Tenofovir; DOR, Doravirine; EFV, Efavirenz; ETR: Etravirine; NVP: Nevirapine; RPV: Rilpivirine

of rapid expansion in China [16, 18, 19] and has become
the most commonly detected subtype in many areas.

We found that older people (aged >50 years) were
more likely to form clusters in the transmission net-
work (50%, 199/398), and high-risk linkages (72.0%,
113/157) and individuals who carried the resistance
mutation, i.e., K103N (87.5%, 56/64), were part of the
largest CRFO7_BC cluster (LC1)(Tables 4 and 2). Most
male (94.4%, 85/90) individuals in the four LCs self-
reported nonmarital heterosexual sexual contact, which
reflected elderly men, especially younger ones, still have

psychological and physical needs [20]. Rich economic
conditions, easier communication, convenient trans-
portation and more open minds allow these individu-
als to experience nonmarital heterosexual sex through
commercial or noncommercial sources for thrill seek-
ing. All of these factors maintain the growth of com-
mercial sex [21]. Most of the patients in clusters (67.8%,
204/398) and in high-risk groups (79.6%, 125/157) were
infected through heterosexual transmission. Moreo-
ver, poor knowledge of AIDS prevention has resulted
in decreased condom use, increasing the likelihood of
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HIV transmission between older male clients and FSWs
[22] and of transmission from males to their spouses
or regular sexual partners [23]. Our study conclusively
confirmed this finding; we detected 4 FSWs from other
provinces within the 4 LCs (Fig. 2), and 52.9% (18/34)
of the female individuals in the four LCs were infected
by their spouses or permanent partners (Table 3). All
of these findings indicated that patients aged older than
50 years play an important role in HIV transmission in
Shaoxing and should be monitored.

Since China had offered a free ART program for AIDS
patients for more than 20 years, the rapid growth of PDR
in recent years may have been underestimated due to a
lack of resistance monitoring and testing before ART.
Our study showed that PDR was significantly greater in
Shaoxing (14.6%) than in Yunnan [24], Guangxi [25] and
other severe HIV epidemic areas [26, 27]. According to
the WHO definition of the prevalence of HIV drug resist-
ance, our study revealed moderate (5-15%) rates of PDR
in the Shaoxing region, which is extremely close to cut-off
for a high rate of resistance (>15%). Some studies have
suggested that PDR is primarily driven by resistance to
NNRTIs [28], which is consistent with our study results.
The overall prevalence of HIV-1 PDR to NNRTIs reached
10.0% (93/933), which significantly differed from that
of PI and NRTI (y*=77.961, P<0.001) in Shaoxing. Our
study revealed a specific regional characteristic: 78.9%
(56/71) of patients with K103N/S/KN/NS mutations in
Shaoxing were older than 50 years, and 77.5% (55/71)
were concentrated in the largest molecular cluster (LC1).
The difference was significant (y*=10.000, P=0.001).
These findings suggested that K103N/S/KN/NS muta-
tions spread rapidly through the large molecular trans-
mission cluster LC1 in patients over 50 years old, resulting
in a significantly high proportion of PDR in Shaoxing. In
addition to LC1, two drug resistance genes in CRF07_BC
contained 4 and 5 nodes. The aggregation of drug-resist-
ant strains is a target for intervention priority. Effective
monitoring and intervention of the LC1 cluster could
significantly reduce PDR in Shaoxing. Due to the lack of
pretreatment resistance testing, patients who are expe-
riencing drug resistance before treatment may be more
prone to antiviral failure. Specifically, elderly people need
more safe and complex treatment because of poor health.

Our study provided some insights and information to
explore the transmission characteristics and epidemic
patterns of HIV in ageing individuals. This study also
inevitably has several limitations. First, our results rep-
resent the Shaoxing epidemic alone. Due to the limited
activities of elderly people, it is believed that they are
infected mainly by heterosexual contact in local places.
Our sample had little influence from MSM or injection
drug use. Although the epidemic among elderly people
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continues to grow across China, there are still signifi-
cant differences between different regions. Therefore,
future research should focus on a larger geographic
range of older individuals with infections. Second, all of
the patients were newly diagnosed, but we do not know
exactly when they were infected. Elderly people have
a higher rate of late diagnosis [29]. Thus, the network
constructed may not reflect the true prevalence status.
Finally, given limited time and funds, subtypes were iden-
tified based only on the pol gene sequence, which may
not represent the exact subtype.

Conclusion

In summary, our study revealed the important influence
of elderly people on the transmission of the CRF07_BC
subtype and the high prevalence of PDR. Four clus-
ters confirmed the transmission relationship between
elderly men and FSWs and between elderly men and
their spouses. The clustering of drug-resistant cases is
significant, leading to the potential for localized wide-
spread transmission of drug-resistant strains. Finally, a
high prevalence of PDR could compromise the efficacy
of ART and impact the overall management of the epi-
demic. Therefore, it is essential to conduct PDR testing
for HIV patients and strengthen the dissemination of
AIDS knowledge to older people.
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