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This study aimed to investigate the characteristics of the HIV-1 molecular network among newly 
diagnosed HIV-infected patients in southern Sichuan City. Plasma samples will be collected from 
eligible study subjects (n = 1249) during a cross-sectional survey conducted between 2016 and 
2020. The HIV-1 polymerase (pol) gene sequences obtained from the collected samples will be used 
to perform phylogenetic analysis and characterize the genetic subtypes’ molecular transmission 
networks. HIV-1 pol region sequences were successfully amplified in 898 cases, and seven genotypes 
were obtained, with CRF01_AE (331, 36.86%) and CRF07_BC (368, 40.98%) subtypes as the 
predominant prevalent strains in the region. 601 sequences entered the molecular transmission 
network. There were 302 highly connected individuals. Further multivariate analysis showed that the 
older the age (60–69 years, OR = 1.595, 95% CI: 1.026–2.479; ≥70 years, OR = 2.189, 95% CI: 1.295–
3.699), RX and GJ counties (OR = 4.654, 95% CI: 2.776–7.803; OR = 6.847, 95% CI: 3.464–13.533) and 
CRF08_BC subtype (OR = 2.031, 95% CI: 1.225–3.367) were both more likely to be highly connected 
individuals. To effectively combat this local HIV-1 epidemic, HIV prevention and intervention programs 
should target older adults at least 60 years of age and registered residents in districts and counties 
within RX and GJ.
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The worldwide spread and epidemic of the human immunodeficiency virus (HIV-1) has become a pressing 
public issue for all nations1 and remains a significant public health concern in China. According to the latest 
data from China’s comprehensive AIDS prevention and treatment system, as of December 2021, there were 
1,147,410 individuals living with HIV/AIDS in China2. Over the past decade, there has been a steady increase in 
the number of newly reported cases of middle-aged and older individuals living with HIV and AIDS (referred to 
as HIV/AIDS hereafter), rising from 22% in 2011 to 44% in 20202. In other regions of China, the proportion of 
HIV/AIDS cases reported annually among individuals over 50 has also increased yearly3,4. The aging population 
with HIV/AIDS increases the socio-economic burden and poses challenges in treatment and prognosis due to 
their weakened immunity and the onset of more complications5. As such, the “13th Five-Year Plan of Action 
for Curbing and Preventing HIV/AIDS in China” identified middle-aged and elderly individuals as one of the 
priority groups for HIV/AIDS prevention and treatment in 20176.

Epidemiological surveys are the most direct and effective method for tracking transmission and identifying 
transmission clusters that represent recent and ongoing HIV transmission and can identify key characteristics of 
potential risk based on transmission clusters, which can help guide intervention efforts for ongoing transmission7. 
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However, traditional epidemiological surveys face many obstacles due to limited resources, privacy concerns, 
and discrimination, so exploring new models of HIV prevention interventions and tapping into the search for 
potential high-risk transmitters and high-risk infections in the population is essential to curb the spread of 
AIDS and reduce the rate of new HIV infections8. HIV molecular transmission networks are emerging methods 
for molecular epidemiological analysis of HIV in recent years. It combines bioinformatics and phylogenetics to 
reveal HIV transmission characteristics and epidemiological patterns9. HIV molecular network studies is an 
effective way to track transmission and identify transmission clusters10. Based on the transmission clustering, 
critical characteristics of potentially high-risk can be identified, guiding future interventions11. In recent years 
domestic and international techniques for constructing HIV-1 molecular transmission networks using the viral 
gene sequences of infected individuals are gradually being developed, which can more accurately determine 
potential transmission and identify active transmission networks, thus contributing to targeted interventions9–12.

The incidence and mortality rates of HIV/AIDS infection in Sichuan Province have remained high, making it 
the most painful area for the AIDS epidemic in China, consistently reporting higher numbers of surviving cases 
than other provinces and cities4.The epidemic among individuals aged 50 years and above in a southern Sichuan 
city is particularly severe, posing a more significant challenge than in other parts of the province13. This region has 
been a critical area for HIV prevention and control in recent years, with molecular epidemiological studies and 
precision-based prevention and control measures still in their early stages. Thus, the most pressing task for HIV 
prevention and control in the region is identifying high-risk populations, analyzing possible HIV-1 transmission 
events, and examining the epidemiological transmission characteristics of HIV/AIDS subtypes. With this in 
mind, this study focused on exploring the HIV-1 transmission characteristics and potential transmission risks 
in this area by analyzing the molecular network of HIV-1. The findings of this study can provide a scientific basis 
and guiding suggestions for the implementation of precise HIV prevention and control measures and preventive 
interventions for high-risk populations to reduce the rate of new HIV infections.

Methods
Object of the study
Basic demographic information and blood samples were collected from 2017 to 2020 from middle-aged and 
older HIV-1-infected patients aged 50 years or older who were newly reported and previously reported not 
on ART in 2016 in six districts and counties within a city in southern Sichuan Province. Inclusion criteria: 
Study subjects were required to meet the following criteria: household registration in a city in southern Sichuan, 
positive HIV-1 antibody test result by HIV supplementation test, not yet receiving HIV antiviral treatment, no 
mental illness and intellectual disability, and informed consent.

Research methodology
Sequence acquisition
Plasma samples collected from eligible study subjects from 2016 to 2020 were subjected to RNA extraction and 
purification, reverse transcription PCR, and nested PCR for two rounds of amplification, and the amplified 
products were submitted to a sequencing company for sequencing. In this study, cDNA was synthesized by 
one-step RT-PCR transcription and the HIV pol gene region was amplified using PCR premix reagents. The 
amplification product was 1.3 kb in length and the reference strain was the pol gene region of the international 
standard strain HXB2. Reverse transcription was performed using AMV Reverse Transcipate enzyme 
and template RNA to synthesize cDNA, combined with MAW 26 and RT21 for the first round of RT-PCR 
amplification, and PRO-1 and RT20 as primers as well as the products of the first round of PCR as templates for 
the second round of PCR amplification.

	(1)	 First round of PCR primers:

Outer upstream primer MAW 26 : 5’-​T​T​G​G​A​A​A​T​G​T​G​G​A​A​A​G​G​A​A​G​G​A​C-3’; HXB2 2028–2050;
Outer downstream primer RT21 : 5’-​C​T​G​T​A​T​T​T​C​T​G​C​T​A​T​T​A​A​G​T​C​T​T​T​T​G​A​T​G​G​G-3’; HXB2 3509–

3539.

	(2)	 Second round of PCR primers:

Medial upstream primer PRO-1 : 5’-​C​A​G​A​G​C​C​A​A​C​A​G​C​C​C​C​A​C​C​A-3’; HXB2 2147–2166.
Medial downstream primer RT20: 5’-​C​T​T​C​T​G​T​A​T​A​T​C​C​A​T​T​G​A​C​A​G​T​C​C​A​G​C​T-3’; HXB2 3299–3327.
Translated with DeepL.com (free version)The obtained sequences were cut and spliced using Sequencer 

5.6. The spliced sequences were compared, clipped, and saved using Aliview 1.26. The resulting sequences 
were quality controlled using the WHO HIVDR QC Tool online tool (https://pssm.cfenet.ubc.ca/who_qc/) to 
determine whether the resulting sequences had inter-sample contamination, contamination between samples 
and laboratory strains, and assess the proportion of mixed bases. To proceed with subtyping and molecular 
network analysis, remove sequences with a length < 900 bp and a proportion of mixed bases greater than or 
equal to 15%.

Sequence typing
The compared sequences were submitted to the website HIV database (https://www.hiv.lanl.gov/content/index), 
and preliminary typing was performed using the HIV BLAST and RIP functions on the website tools page. 
Fasttree was applied to construct ML evolutionary trees to confirm the typing further. The phylogenetic tree was 
visualized and edited using Figtree 1.4.4, and the typing status of the samples was counted. Those clustered with 
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the reference strain and the support value of the node in the cluster ≥ 70% were determined as the same subtype 
as the reference strain11,12 and compared with the typing results on the HIV database website.

Molecular communication network construction
The molecular transmission network was constructed using the gene distance threshold method, and the 
sequences that were collated and thoroughly compared were used to calculate the gene distances between 
sequences using the TN93 model in HyPhy software12. In order to analyze the transmission association of more 
infected individuals and to include as many infected individuals as possible, the combined effects of gene distance 
threshold selection on molecular cluster resolution and entry rate, as well as subtypes, were fully considered, 
and the threshold with the most significant number of large molecular clusters and nodes was selected as the 
threshold for constructing the molecular network10,11. Visualize and edit the molecular propagation network 
using Cytoscape 3.7.2. A node represents a patient. Degree value is the most critical parameter in transmission 
network analysis, defining highly connected individuals according to the results of degree value analysis; the 
higher the degree value means that the node corresponds to the more potential contacts of the infected person 
in the network, the higher the possibility of being the central figure of the network and the higher the possibility 
of transmitting HIV9, in this study, the degree value is skewed. The median six is used to define highly connected 
individuals10. Clusters are two or more nodes connected to form a cluster.

Statistical methods
Data were entered using EXCEL, and SPSS 26.0 was used for statistical analysis. Categorical data were analyzed 
descriptively using frequency and composition ratios, single factor analysis was performed using the chi-square 
test or Fisher’s exact probability method, an unconditional logistic regression model was used to analyze the 
factors associated with HIV and the test level was set at α = 0.05.

Ethical matters
All data in this study were kept under strict confidentiality measures, and particular researchers organized and 
analyzed samples and data information. The computers where the data were saved were password protected, 
special encrypted USB flash drives were used for data copying, and files delivered through the network were 
encrypted to ensure the safety of the data from leakage.

All experiments involving human participants were conducted in accordance with relevant guidelines and 
regulations. The study was approved by the Biomedical Ethics Committee of Chengdu Medical College(approval 
number: [(2021NO.04)]). Informed consent was obtained from all participants or their legal guardians prior to 
participation in the study.

Results
Basic characteristics and subtype distribution
The number of people newly reported in the city in 2017–2020 and previously reported before 2017 who did 
not start antiretroviral therapy in middle-aged and older adults over 50 years of age totaled 1253, and the final 
inclusion was consistent with 1249, with 898 cases successfully amplified to obtain HIV-1 pol region sequences, 
accounting for 71.90%. Genetic subtypes of different genotypes were clustered in the phylogenetic tree (Fig. 1), 
and seven were identified.

The study population was mainly aged 60–69 years (359,40.00%), male (673,74.90%), Han Chinese 
(895,99.70%), married (474,52.80%), elementary school educated (506,56.30%), with heterosexual transmission 
as the main route of infection (880,98.00%), and domicile in FS (343,38.10%) and RX (178,19.80%) counties. The 
molecular type was dominated by CRF01_AE (331,36.86%), CRF07_BC (368,40.98%), CRF08_BC (173,19.27%), 
followed by CRF85_BC (21,2.34%), CRF57_BC (3,0.33%), CRF64_BC (1,0.11%), and CRF55_01B (1,0.11%). 
The differences between the distribution of HIV-1 subtypes were statistically significant (P < 0.05) for age and 
domicile location but not for other characteristics. Age 60–69 years (48.90%) was higher for the CRF01_AE 
subtype, and age 50–59 years was predominant for the other subtypes. Several subtypes were distributed in all 
districts and counties, with the largest proportion in FS County. For details, see (Table 1)and (Fig. 2).

Characteristics of HIV-1 molecular transmission network
In order to construct the molecular propagation network diagram, the comprehensive influence of the selection 
of gene distance threshold on the resolution and access rate of molecular clusters was fully considered, and the 
optimal gene distance of 1.1% was selected to construct the molecular propagation network (Fig. 3A-B). There 
were 601 sequences entered the molecular propagation network, with a total entry rate of 66.90% (601/898), 
and the network consisted of 95 propagation clusters (39 CRF01_AE, 40 CRF07_BC, 14 CRF08_BC, and 
two others), 601 nodes, and 3144 edges. There were 48 macromolecular clusters (≥ 3 nodes) (16 CRF01_AE, 
22 CRF07_BC, 9 CRF08_BC), with the number of individuals within the clusters ranging from 3 to 63; the 
range of each node degree was 1–57, with a median of 6. The most significant molecular cluster was subtype 
CRF01_AE cluster 1, consisting of 63 sequences, 50 males and 13 females, all of which were heterosexual contact 
infection transmission, mainly concentrated in RX (80.90%), with a degree range of 2–57 and a median of 43. 
Infected individuals entering the molecular network were mainly 60–69 years old, male, Han Chinese, married, 
heterosexual transmission, elementary school education, and FS county. The primary concentration areas of 
macromolecular clusters were in RX and FS, followed by GJ. The differences in the entry rate of each genotype 
were statistically significant, with the highest entry rate of CRF01_AE (Table 1).
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Analysis of factors influencing the molecular transmission network of HIV-1
Univariate and multifactor analyses were conducted with whether or not they were enrolled in the network as 
the dependent variable and age, gender, ethnicity, marriage, and route of infection as the independent variables. 
The results of the univariate analysis were combined with professional significance, and the influencing factors 
with P < 0.10 were finally selected as independent variables for inclusion in the multifactor analysis. The results 
of multifactorial logistic regression analysis showed that older age was more likely to be in the network (60–69, 
OR = 1.552, 95% CI:1.103–2.184; ≥70, OR = 2.259, 95% CI:1.466–3.481), and CRF01_AE was more likely to be 
in the network compared to CRF07_BC and other subtypes. For details, see (Table 2).

Analysis of factors affecting individuals with high connectivity
Of the 601 subjects who entered the molecular network, 302 had a degree ≥ 6 and were defined as highly 
connected individuals in the molecular network. All highly connected individuals were infected through 
heterosexual transmission and were Han Chinese. Univariate analysis showed statistically significant differences 
in the distribution of highly connected individuals by age, sex, marriage, education, location, and genotype; 
further multivariate analysis showed that the older the age (compared with 50–59 years, 60–69 years, OR = 1.595, 
95% CI: 1.026–2.479; ≥70 years, OR = 2.189, 95% CI: 1.295–3.699), two counties with household registration 

Fig. 1.  Maximum likelihood phylogenetic tree of 898 pol sequences of HIV-1 in a city in southern Sichuan. 
331 HIV-1 sequences were branched with the CRF01_AE reference sequence (depicted in green), 368 HIV-1 
sequences were branched with the CRF07_BC reference sequence (depicted in pink), 173 HIV-1 sequences 
were clustered with the CRF08_BC reference sequence (depicted in purple), and 21 HIV-1 CRF85_BC 
sequences were identified (depicted in yellow), 3 CRF57_BC sequences (depicted in light blue), 1 CRF64_BC 
sequence (depicted in dark blue), and 1 CRF55_01B (depicted in dark brown) were also identified—the 
reference sequences from the Los Alamos HIV sequence database. On the upper edge of the CRF01_AE group, 
a number of seemingly ambiguous sequences were typed as well as verified and confirmed by the HIV BLAST 
and RIP functions in the HIV database page, all of which were CRF01_AE.
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Variables
Total(%a)
n = 898

The frequency and percentage of different HIV-1 
genotypes(%b)

Ζ/χ2 P-valuef01_AE 07_BC 08_BC Othersc

Age (years) 9.348 0.025

 50- 334(37.20) 93(28.10) 158(42.90) 71(41.00) 12(46.20)

 60- 359(40.00) 162(48.90) 128(34.80) 64(37.00) 5(19.20)

 ≥ 70 205(22.80) 76(23.00) 82(22.30) 38(22.00) 9(34.60)

Gender 0.677 0.879

 Male 673(74.90) 245(74.00) 276(75.00) 131(75.70) 21(80.80)

 Female 225(25.10) 86(26.00) 92(25.00) 42(24.30) 5(19.20)

Ethnicity 1.436 0.697

 Han 895(99.70) 329(99.40) 367(99.70) 173(100.00) 26(100.00)

 Others 3(0.30) 2(0.60) 1(0.30) 0(0.00) 0(0.00)

Marital Status 2.767 0.837

 Unmarried 110(12.20) 42(12.70) 44(12.00) 23(13.30) 1(3.80)

 Married 474(52.80) 168(50.80) 199(54.10) 92(53.20) 15(57.70)

 Divorced /widowed 314(35.00) 121(36.50) 125(34.00) 58(33.50) 10(38.50)

Route of infectiond 13.365 0.147

 HST 880(98.00) 325(98.20) 357(97.00) 173(100.00) 25(96.20)

 MSM 9(1.00) 3(0.90) 6(1.60) 0(0.00) 0(0.00)

 IDU 3(0.30) 0(0.00) 3(0.80) 0(0.00) 0(0.00)

 Others/unknown 6(0.70) 3(0.90) 2(0.60) 0(0.00) 1(3.80)

Education Level 4.494 0.213

 Illiteracy 152(16.90) 62(18.70) 59(16.00) 27(15.60) 4(15.40)

 Primary School 506(56.30) 195(58.90) 200(54.40) 97(56.10) 14(53.80)

 Junior High School 202(22.50) 60(18.10) 94(25.50) 41(23.70) 7(26.90)

 High School 33(3.70) 13(3.90) 11(3.00) 8(4.60) 1(3.90)

 College and above 5(0.60) 1(0.30) 4(1.10) 0(0.00) 0(0.00)

Domicile Location 97.791 < 0.001

 FS 343(38.20) 152(45.90) 119(32.30) 62(35.90) 10(38.50)

 RX 178(19.80) 88(26.60) 80(21.70) 7(4.00) 3(11.50)

 DA 91(10.10) 20(6.00) 38(10.30) 27(15.60) 6(23.10)

 ZLJ 107(11.90) 30(9.10) 41(11.10) 33(19.10) 3(11.50)

 GJ 91(10.10) 17(5.10) 58(15.80) 14(8.10) 2(7.70)

 YT 88(9.90) 24(7.30) 32(8.70) 30(17.30) 2(7.70)

First CD4 (pcs/ul) 2.118 0.548

 ≤ 200 384(42.80) 148(44.70) 152(41.30) 72(41.60) 12(46.20)

 200 448(49.90) 164(49.50) 189(51.40) 82(47.40) 13(50.00)

 ≥ 500 57(6.30) 17(5.10) 25(6.80) 14(8.10) 1(3.80)

 Unknowne 9(1.00) 2(0.60) 2(0.50) 5(2.90) 0(0.00)

Year of diagnosis 20.601 0.057

 ≤ 2016 35(3.90) 10(3.00) 21(5.70) 4(2.30) 0(0.00)

 2017 162(17.70) 50(15.10) 61(16.50) 42(24.80) 8(30.80)

 2018 260(28.80) 106(32.00) 103(28.00) 46(27.20) 4(15.40)

 2019 246(27.20) 87(26.30) 104(28.30) 45(26.00) 10(38.40)

 2020 195(21.70) 78(23.60) 79(21.50) 34(19.70) 4(15.40)

Whether to enter the network 37.766 < 0.001

 Yes 601(66.90) 253(76.40) 207(56.30) 127(73.40) 14(53.80)

 No 297(33.10) 78(23.60) 161(43.70) 46(26.60) 12(46.20)

Table 1.  Analysis of the general demographic characteristics of each genetic subtype of the study population. 
aNumbers in parentheses indicate cases as a percentage of the total 898 study subjects. bThe numbers in 
parentheses indicate the percentage of subtypes to each variable. cOther subtypes include 21 cases of CRF85_
BC, 3 cases of CRF57_BC, 1 case of CRF64_BC, 1 case of CRF55_01B. dHST: heterosexual, MSM: men who 
have sex with men, IDU: injection drug use. eNo CD4 test was done. fP-value < 0.05 was considered statistically 
significant.
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of RX and GJ (compared to FS county, OR = 4.654, 95% CI: 2.776–7.803; OR = 6.847, 95% CI: 3.464–13.533) 
and CRF08_BC subtype (compared to CRF01_AE, OR = 2.031. 95% CI: 1.225–3.367) were both more likely to 
be highly connected individuals, i.e., more inclined to connect six and more transmitters. High school literacy 
was less likely to be a highly connected individual compared to illiterate (OR = 0.262, 95% CI: 0.086–0.799), 
CRF07_BC subtype than CRF01_AE (OR = 0.415, 95% CI: 0.267–0.647). See Fig. 4 for details.

Discussion
The current study found that the newly diagnosed infections among middle-aged and older people aged 50 years 
and above in this region in 2017–2020 were predominantly male, heterosexual transmission, with low literacy 
(73.20% were in elementary school and below). Their domicile was mainly in two districts, RX and FS13, which 
is consistent with the results of previous survey studies, indicating that in these two districts, more emphasis 

Fig. 2.  Distribution of HIV-1 genotypes in different areas of a city in southern Sichuan: A, B, C, D, E, and F. 
The six maps represent the distribution of the overall and the number of genetic subtypes in each year from 
2016 to 2020, respectively. Different colors of the bar graph represent different subtypes, and the height of the 
bar graph represents the number of each subtype, with the highest value being 76; the darker the background 
color of the map, the higher the number of infected people in the region.
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Fig. 3.  HIV-1 molecular transmission networks. (A) HIV-1 subtype and gender, route of infection molecular 
transmission network, nodes of different colors represent different subtypes, different shapes represent 
different genders, different border colors represent different routes of infection, larger nodes represent higher 
degree values, values range 1–57. (B) molecular transmission network diagram of different domicile locations 
and marital status, age, nodes of different colors represent different regions, different shapes represent different 
marital status, the larger the node represents the older the age, value range 50–91. divorced: divorced or 
widowed.
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should be placed on the middle-aged and older male population with low education. The HIV prevalent strains 
among HIV-infected patients in this region were multiple recombinant genetic subtypes, with CRF01_AE (331, 
36.86%) and CRF07_BC (368, 40.98%) being the predominant prevalent strains, followed by CRF08_BC (173, 
19.27%), CRF85_BC (21, 2.34%), CRF57_BC (3, 0.33%), CRF64_BC (1, 0.11%), CRF55_01B (1, 0.11%), which is 

Variables Total number of incoming networks(%a) N = 601
Single factor 
analysis Multi-factor logistic analysis

Ζ/χ2 P OR(95%CI) P-values

Age (years)

-5.321 0.000
 50- 188(56.30) 1

 60- 255(71.00) 1.552(1.103–2.184) 0.012

 ≥ 70 158(77.10) 2.259(1.466–3.481) < 0.001

Gender

3.596 0.058 Male 462(68.60) 1

 Female 139(61.80) 0.831(0.592–1.168) 0.286

Ethnicity

1.535 0.215 Han 600(67.00)

 Others 1(33.30)

Marital Status

1.399 0.497
 Unmarried 75(68.20)

 Married 309(65.20)

 Divorced /widowed 217(69.20)

Route of infection

10.788 0.005
 HST 598(67.50) 1

 MSM 3(33.30) 0.268(0.061–1.173) 0.080

 IDU 0(0.00) 0.000(0.000) 0.999

Education Level

-2.701 0.007

 Illiteracy 106(69.70) 1

 Primary School 349(69.00) 1.158(0.761–1.762) 0.494

 Junior High School 121(59.90) 0.952(0.586–1.548) 0.843

 High School 23(69.70) 1.323(0.544–3.218) 0.537

 College and above 2(40.00) 0.364(0.053–2.479) 0.302

Domicile Location

7.111 0.213

 FS 221(64.40)

 RX 126(70.80)

 DA 54(59.30)

 ZLJ 73(68.20)

 GJ 68(74.70)

 YT 59(67.00)

First CD4 (pcs/ul)

-1.250 0.211

 ≤ 200 247(64.30)

 200 310(69.20)

 ≥ 500 39(68.40)

 Unknown 5(55.60)

Year of diagnosis

21.715 0.000

 ≤ 2016 17(48.60) 1

 2017 119(73.50) 2.034(0.884–4.680) 0.095

 2018 190(73.10) 1.958(0.881–4.351) 0.099

 2019 164(66.70) 1.474(0.665–3.268) 0.339

 2020 111(56.90) 0.990(0.444–2.210) 0.981

HIV-1 Genotypes

37.766 0.000

 01_AE 253(76.40) 1

 07_BC 207(56.30) 0.427(0.304-0.600) < 0.001

 08_BC 127(73.40) 0.855(0.553–1.323) 0.482

 Others 14(53.80) 0.334(0.143–0.780) 0.011

Table 2.  Analysis of factors influencing HIV-1 subtype entry into the molecular network. aThe numbers in 
parentheses indicate the percentage of cases to their respective variables of the same type.
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consistent with previous national and provincial HIV molecular epidemiological findings14,15, which is different 
from other regions where subtypes B (Henan) and CRF08_BC (Yunnan) are the dominant strains16.CRF01_AE 
was identified in the 1990s from Thailand and imported to southwestern China in the 1990s, with predominant 
heterosexual population transmission17, CRF07_BC with the predominant heterosexual and homosexual 
transmission, and both subtypes have since become prevalent among MSM, and CRF08_BC with predominantly 
heterosexual transmission10,18. The results of this study are generally consistent with the routes of infection 
described in published articles, which also suggest that there may be a specific size of local MSM groups and 

Fig. 4.  Analysis of influencing factors of highly connected individuals.
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HIV infections that have not yet been detected. They may contribute to the local transmission and prevalence 
of CRF01_AE and CRF07_BC strains together with heterosexuals. In addition, a case of CRF55_01B subtype 
newly emerged in China in recent years was found. CRF55_01B was first reported to be found in the MSM 
population19. The CRF55_01B subtype found there was heterosexual transmission, suggesting the emergence of 
a new strain among local heterosexuals, which may also be caused by MSM concealing the infection route and 
other behaviors due to social stigma and shame20 and the specific reasons for this need to be further investigated.

601 HIV-infected patients entered the molecular network, with an overall entry rate of 66.90%, higher than 
some similar studies15, probably due to the different genetic distance thresholds selected or the different methods 
used to construct the molecular network. The transmission chains in the HIV-1 molecular network do not 
represent direct or indirect transmission relationships. However, the formation of transmission networks is 
associated with the sociological and behavioral characteristics of infected individuals within the transmission 
clusters10. Identifying local HIV-1 transmission clusters may provide a scientific basis for precise interventions. 
The results of this study showed that older age was more likely to enter the network compared to 50–59 years, 
and the risk level increased with age (60–69 years, OR = 1.552, 95% CI:1.103–2.184; ≥70 years, OR = 2.259, 95% 
CI:1.466–3.481). The CRF01_AE subtype was also another contributing factor to the formation of the network at 
this site. Regarding the most extensive transmission cluster, CRF01_AE-infected individuals formed the largest 
transmission cluster (63 nodes) and were most likely to have large clusters of aggregation. Hence, the risk of 
transmission was higher for those infected in the large CRF01_AE cluster. The vast majority of transmission 
modes entering the transmission network in this study were heterosexual infections. However, the study in the 
Liaoning region showed that it was mainly clustered in homosexual transmission21, while the study by LIU et 
al.22. showed that factors such as gender, transmission mode, and education level were not significantly correlated 
with entry into the molecular transmission network, suggesting that the transmission network situation varies in 
different regions. Targeted prevention and control measures need to be proposed for different regions.

The results of logistic regression analysis of highly connected individuals showed that age ≥ 60 years, domicile 
in RX and GJ, and CRF08_BC subtype were risk factors for being highly connected individuals, and high school 
education and CRF07_BC subtype were less likely to be highly connected individuals. The findings that older 
infected individuals are more likely to be highly connected are inconsistent with previous studies in which 
younger MSM was more likely to be high-risk transmitters23, which may be related to the local demographic and 
economic environment and the lack of a scaled-up MSM organization. The problem of aging is more prominent 
in the local area, especially the older people over 60 years old who are less mobile and generally stay in the local 
area. Hence, the corresponding scope of sexual activities and objects is also in the local area13,24, with the loss of 
their labor force, lack of economic resources, and lower economic level. At the same time, this population mainly 
lives in rural areas; their lives are more monotonous and empty25, influenced by the local “Banbancha” culture24, 
which makes it easier to consume in low-grade sex trade places26, increases the risk of HIV infection in middle-
aged and elderly people, making them more likely to be highly connected individuals, which may also be one 
of the reasons for the higher rate of local molecular network clustering in this age group than in other studies. 
It may also be related to the generally low literacy level of this local middle-aged and elderly population, their 
insufficient knowledge of HIV-related knowledge27, the difficulties in prevention intervention efforts for them, 
and the lack of awareness of condom use during sexual intercourse in this population28. Compared to those with 
low literacy, those with high literacy have a higher awareness of HIV-related protection and testing29, making 
them less likely to be highly connected. Therefore, it is suggested that special interventions should be carried 
out for the elderly with low literacy and aged ≥ 60 years, especially for HIV-infected people. The intervention 
models such as “social self-worth intervention” or “health education based on empowerment theory” for 
middle-aged and elderly HIV-infected patients by Bhatta30 and Peng31 can be used to improve knowledge about 
HIV, condom use, and treatment compliance, and have specific reference value for reducing the possibility of 
second-generation transmission among local middle-aged and elderly infected patients. At the same time, by 
combining the analysis of infection route and subtype strains, and because there is no formal and influential MSM 
organization in the local area, we cannot rely on the corresponding social organizations to conduct mapping and 
targeted interventions for the MSM population. Because of social stigma and psychological pressure, we cannot 
exclude the existence of some hidden MSM in the local area. Therefore, the local community should better 
intervene, prevent, and control the MSM population. The infected individuals in RX and GJ are more likely to 
be highly connected, probably because there are more surviving infected individuals in RX, the two counties are 
adjacent to each other, and GJ is a central urban area with a developed economy. There may be more sex service 
establishments compared to other areas23, which increases the risk of HIV transmission.

There are some shortcomings in this study, some infected samples did not obtain qualified sequences due 
to storage time and sequencing quality, and we can only analyze samples that have been diagnosed; those who 
have been infected but not diagnosed were not included in the analysis, resulting in a possible deviation of the 
inclusion rate of this study from the actual situation and limited representativeness.

Conclusion
The present study provided distribution of HIV-1 genotypes in middle-aged and older people aged 50 years and 
above in a city in southern Sichuan, which were more complex and diverse than before. The dominant local 
strains were CRF01_AE and CRF07_BC, followed by CRF08_BC and other genotypes. The overall molecular 
entry rate was 66.90%, and the factors affecting entry were age and genetic subtypes. Age ≥ 60 years, domicile in 
RX and GJ, and CRF08_BC subtype were more likely to be highly connected individuals. The MSM population 
may be underestimated, suggesting that intervention behaviors in this particular group should be expanded in 
addition to interventions in the above critical heterosexually transmitted elderly population.

In summary, this study revealed the characteristics of HIV-1 transmission in a city in southern Sichuan 
from the population level by constructing a molecular transmission network and assessing the transmission 
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risk and early warning based on the molecular network situation, suggesting the combination of molecular 
network analysis methods and public health methods to achieve the prevention and control effect of the precise 
intervention.

Data availability
Availability of data and materials The datasets generated and/or analyzed during the current study are not pub-
licly available due to privacy concerns related to AIDS patients. In accordance with ethical approval require-
ments, the data are subject to strict privacy protections and cannot be publicly stored. However, the data can 
be made available from the corresponding author upon reasonable request.For further information or access to 
the data, readers may contact the corresponding author at [21376686@qq.com].Data is deposited in National 
Microbiology Data Center (NMDC) with accession numbers ​N​M​D​C​N​0​0​0​6​L​M​D​​(​h​t​t​p​s​​:​/​/​n​m​d​​c​.​c​n​/​r​​e​s​o​u​r​c​e​/​g​e​
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