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Abstract
Background  HIV-1 subtype B, introduced to mainland China at an early stage, rapidly spread among commercial 
plasma donors and heterosexuals (HETs) during the 1990s. It was first identified in Hainan, which has a population of 
10 million, in 2007. Nevertheless, there is a paucity of data about the molecular-epidemiological characteristics, spatial 
origins, and transmission patterns of this strain on the island of China.

Methods  Pol sequences for HIV-1 subtype B from Hainan Island (2007–2024) were obtained from our research 
and global databases. An analysis of phylogenetic data, molecular clock models, and a Bayesian coalescent-based 
approach was performed to investigate how HIV-1 subtype B was introduced and disseminated on this island.

Results  A total of 76 sequences were obtained from Hainan Island, of which 52.63% were collected from men who 
have sex with men (MSM). Phylogenetic analysis demonstrated that HIV-1 subtype B circulating on the island was 
closely related to HIV-1 sequence lineages in Guangdong (22.84%, 127/556), Hubei (12.59%, 70/556), and Beijing 
(14.03%, 78/556), indicating multiple introductions from various cities in China. Bayesian time-scaled phylogenetic 
reconstructions revealed that 27 Hainan sequences were together in clusters [posterior probability (PP) > 0.90], and 
18 Hainan sequences were intermixed in larger clades containing sequences from other provinces (PP > 0.90). Bayes 
factors (BF) demonstrated that subtype B on the Island originated from Guangdong Province (BF > 100) in 1999.9 (95% 
HPD:1996.7, 2002.7) and Hubei Province (BF > 100) in 2007.9 (95% HPD:2004.4, 2011.2). Subsequently, HIV-1 subtype 
B was introduced to Beijing from the island (BF > 100). The analysis of viral migration patterns among risk subgroups 
revealed that subtype B was introduced to the island by MSMs (BF > 100). Within the island, this strain was from MSM 
to HETs (BF > 100).

Conclusion  Using Hainan Island as a case study, our findings shed light on the intricate evolution and transmission 
dynamics of HIV-1 subtype B on the island, revealing crucial insights for HIV prevention efforts in the future.
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Introduction
The phylogenetic diversity of HIV-1, encompassing 
groups M, N, O, and P, underscores the complexity and 
interspecies transmission dynamics of certain HIV-1 
strains from SIV to humans [1–3]. The genetic complex-
ity of the HIV-1 pandemic, driven by group M, is high-
lighted by the presence of numerous subtypes and the 
dynamic nature of circulating recombinant forms (CRFs) 
and unique recombinant forms (URFs) [4, 5]. The recom-
bination event that led to CRFs is primarily responsible 
for the Southeast Asian outbreak [6, 7]. According to 
phylogenetic analyses, HIV-1 subtype B originated in 
Kinshasa, Africa, and likely spread to the Caribbean, spe-
cifically Haiti, during 1966. Subsequent localized dissem-
ination facilitated the virus’s arrival in the United States, 
primarily via homosexual and bisexual contact, approxi-
mately in 1969 [8, 9].

Meanwhile, subtype B strains were identified as con-
stituting a significant proportion of HIV infections in 
Southeast Asia, particularly in Indonesia, Malaysia, 
Myanmar, and East India. This prevalence was plausibly 
attributable to the widespread incidence of injecting drug 
use observed in these regions [10–12]. The B’ variant, also 
referred to as B’ Thailand or Thai-B, was initially identi-
fied in 1988 among people who inject drugs (PWIDs) in 
the Golden Triangle, a region that encompasses the bor-
ders of Laos, Thailand, Myanmar, and China [8].

In China, the distribution of HIV-1 subtypes is char-
acterized by notable diversity and complexity. The most 
recent nationwide molecular epidemiological survey 
identified eighteen HIV-1 genetic variants in China. 
Among these, CRF01_AE, CRF07_BC, CRF08_BC, and 
subtype B collectively accounted for 92.8% of HIV-1 
infections [13]. Hainan, China’s southernmost gateway 
province, exhibits unique epidemiological features of 
HIV due to its ethnic diversity and the influx of seasonal 
migrants. In 2007, only five subtypes, with subtype B 
ranking second, were detected in Hainan Province. Blood 
transmission and IDU were identified as the primary 
routes, with no evidence of homosexual transmission 
observed at that time [14]. However, a total of 4209 indi-
viduals had contracted HIV in Hainan Province by the 
end of 2021. And sexual contact (82.5%) was the primary 
risk factor of HIV-1, with 42.9% of newly diagnosed cases 
attributed to homosexual contact and 39.5% to hetero-
sexual contact. To 2020, a total of 14 subtypes have been 
identified, including 12 CRFs [15].

Although subtype B strains not being the predominant 
strain in Hainan Province, they still play a significant 
role for two reasons: firstly, their presence since their 
discovery in 2007 partially reflects the evolution of the 

HIV epidemic; secondly, during our continuous surveil-
lance, it was discovered that the cases of subtype B have 
been increasing annually, which is in contrast to that in 
the cities of mainland [15]. Nevertheless, there is no clear 
understanding of the genetic evolution, the geographic 
origin, and the transmission dynamics of HIV-1 subtype 
B in Hainan.

The densely populated Hainan Island is home to a 
diverse population of both domestic and foreign resi-
dents. Conducting research on the transmission dynam-
ics of HIV-1 subtype B on Hainan Island can offer 
valuable observations into the evolving patterns of HIV-1 
subtype B transmission in China and potentially even 
Southeast Asia. This research has the potential to con-
tribute significantly to our understanding of the spread 
and impact of HIV-1 subtype B in this region. In our 
study, we conducted molecular epidemiological, phylo-
dynamic, and migration analyses utilizing polymerase 
(pol) sequences from HIV-1 infected subjects to deduce 
the geographical and temporal evolutionary trajectory of 
subtype B in Hainan.

Methods
Study design and participants
A cross-sectional study aimed at monitoring the molec-
ular epidemiology and drug resistance of HIV was con-
ducted at the Fifth People’s Hospital of Hainan Province, 
the largest clinical treatment center for HIV/AIDS in 
the region, from 2014 to 2024. The eligibility criteria for 
inclusion in this study were as follows: (1) individuals 
aged over 18 years; (2) individuals with a confirmed diag-
nosis of HIV-1 infection, verified through both enzyme-
linked immunosorbent assay (ELISA) and Western blot 
testing; (3) the participants voluntarily participated in 
this study and provided informed consent. At the same 
time, we accessed the system of Hainan Skin and Vene-
real Disease Prevention Center to inquire about the 
information we needed to collect, including age, ethnic-
ity, education, time and location of diagnosis, and route 
of infection. The information data was matched with the 
blood sample information according to the patient cod-
ing. Finally, the study recruited a total of 1742 HIV-posi-
tive individuals.

Specimen preparation and laboratory testing
In this study, we obtained 10 mL of peripheral blood 
from each participant, which was collected into EDTA 
tubes and subsequently centrifuged at 3000  rpm for 
15  min to isolate the plasma. The plasma samples were 
then stored at -80℃. Viral RNA extraction and HIV-1 
pol gene amplification were performed at the Guangxi 
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Key Laboratory of AIDS Prevention and Treatment. Sub-
sequently, the 1300 base-pair sequence of the HIV-1 pol 
gene, which includes the regions encoding the HIV pro-
tease and reverse transcriptase (RT, amino acids 1-335), 
was sequenced by Sangon Biotech. The detailed meth-
odologies have been previously described in our earlier 
research [16].

HIV subtyping analysis
In this study, the pol gene sequences were assembled uti-
lizing Sequencher v5.4.6 (http://www.genecodes.com) 
and aligned with an HXB2 sequence using the MAFFT 
algorithm, implemented in the HIV sequence database (​
h​t​t​p​​:​/​/​​w​w​w​.​​h​i​​v​.​l​​a​n​l​​.​g​o​v​​/​c​​o​n​t​​e​n​t​​/​s​/​V​​I​R​​A​L​I​G​N​/​v​i​r​a​l​i​g​n​.​h​t​
m​l). The pol segments located between positions 2253–
3821 of HXB2 were extracted using BioEdit v7.2.5 (​h​t​t​p​​
s​:​/​​/​t​h​a​​l​l​​j​i​s​​c​i​e​​n​c​e​.​​g​i​​t​h​u​b​.​i​o​/). Subsequently, the quality ​c​o​
n​t​r​o​l of the sequences was conducted utilizing the online 
tool available on the Los Alamos National Laboratory 
(LANL) platform, then the sequences with mixed bases 
≥ 5% or length < 1000 bp were removed. 

The primary determination of HIV-1 subtypes was 
conducted utilizing two online tools: COMET ​(​​​h​t​t​p​s​:​/​/​c​
o​m​e​t​.​l​i​h​.​l​u​/​​​​​) [17] and REGA v3.46 (​h​t​t​p​​s​:​/​​/​w​w​w​​.​g​​e​n​o​​m​e​
d​​e​t​e​c​​t​i​​v​e​.​​c​o​m​​/​a​p​p​​/​t​​y​p​i​n​g​t​o​o​l​/​h​i​v). This initial ​c​l​a​s​s​i​f​i​c​a​t​i​
o​n was subsequently validated through the construction 
of a maximum likelihood (ML) phylogenetic tree, incor-
porating reference sequences (subtypes A-K and CRFs) 
obtained from LANL database ​(​​​h​t​t​p​:​/​/​w​w​w​.​h​i​v​.​l​a​n​.​g​o​v​/​​​​​) 
(Figure S1, Table S1). The ML tree was assembled utiliz-
ing the GTR + F + R10 model, within the framework of IQ 
tree version 1.6.12. The optimal model was determined in 
accordance with the Akaike Information Criterion (AIC) 
[18]. Clusters with a bootstrap value exceeding 0.9 with 
corresponding reference sequences were classified as the 
same subtype. Lastly, the ML tree was visualized using 
Figtree version 1.4.4 [19].

Sequence datasets
For phylogenetic analysis, all obtainable HIV-1 subtype B 
sequence data were retrieved from LANL database. One 
sequence was downloaded for each patient. For all 76 
Hainan sequences, 9 were retrieved from web databases 
and 67 from local databases. With 76 Hainan sequences 
as index, Blast was performed at a ratio of 1:50 to retrieve 
the sequences most similar from the HIV sequence data-
base for further analysis. Quality control protocols were 
instituted to assess the purity of subtypes and to detect 
any potential sequence gaps. Redundant sequences were 
eliminated, culminating in a refined dataset (Dataset 1) 
comprising 556 sequences, of which 76 originated from 
Hainan (Table S2).The sequences in Dataset 1 adhere to 
the criteria delineated in our prior research [20].

Dataset-1 was employed to deduce a preliminary 
maximum likelihood (ML) phylogeny using 1Q-TREE, 
with the aim of examining the evolutionary connec-
tions between Hainan-derived sequences and a range of 
sequences gathered worldwide. As the Hainan strains did 
not group into a single monophyletic clade (Fig. 1), this 
indicates that there were multiple transmission events 
from external provinces occurring at various time points. 
Subsequently, Database 2 was then constructed for fur-
ther analysis by adjusting the ratio of local BLAST to 1:30 
while removing sequences from the same region but with 
< 10 sequences. The regression analysis was performed 
on the ML tree using TempEst 1.5.3(.​h​t​t​p​​:​/​/​​t​r​e​e​​.​b​​i​o​.​​e​d​.​​a​
c​.​u​​k​/​​s​o​f​t​w​a​r​e​/​t​e​m​p​e​s​t​/). The outliers with poor ​t​e​m​p​o​r​
a​l signals weresubsequently removed from the final data 
set. A total of 328 sequences, with 75 of them originating 
from Hainan, were compiled in Database 2 to conduct an 
in-depth analysis of the phylodynamic patterns of HIV-1 
subtype B using the Bayesian coalescent approach avail-
able in BEAST version 1.10.5 [21].

Bayesian phylogeny and molecular clock calibration
The Bayesian phylogeny for Dataset-2 was estimated 
using the Bayesian Markov chain Monte Carlo (MCMC) 
method implemented in BEAST version 1.10.5. The 
analysis employed the GTR + invariant + Gamma model, 
which was determined to be the best fit according to the 
hierarchical likelihood ratio test conducted by jMod-
elTest 2 [22]. Bayes factors (BF) were utilized to com-
pare two demographic priors and a constant-size model 
under a relaxed molecular clock. The MCMC recombi-
nation process was executed over 10 billion generations, 
with sampling occurring every 10  million generations. 
To ensure sufficient recombination, the effective sample 
size (ESS) was calculated using Tracer version 1.5 [23].
An Effective Sample Size (ESS) exceeding 200 for the esti-
mated parameters was considered acceptable following a 
10% burn-in period.

The maximum clade credibility (MCC) tree was 
obtained utilizing Tree Annotator version 1.8.3 within 
the BEAST software package. This process incorporated 
a 10% burn-in and utilized median node heights. The 
posterior probability (PP) as clade support was calculated 
[24]. The 95% highest posterior density (95% HPD) inter-
val was used to assess the uncertainty in the estimations. 
The MCC tree was subsequently refined and visualized 
using FigTree version 1.4.4. Additionally, the Bayesian 
Stochastic Search Variable Selection (BSSVS) method 
and the discrete Bayesian phylogeographic approach 
were employed for further analysis. The sequences were 
assigned a geographic location based on the sampling 
city, and viral migration routes were analyzed and sum-
marized using SpreaD3 version 0.9.7.1 [25]. The BSSVS 
method was utilized to determine the Bayes Factor 
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(BF), providing an accurate depiction of the viral spread 
dynamics. To elaborate, a BF value below 3 suggests 
insufficient evidence, a range of 3–6 implies modest evi-
dence, 6–10 represents substantial evidence, and a BF 
above 10 denotes exceedingly strong evidence [26].

Results
The demographic characteristics of participants
In this study, a total of 76 individuals infected with HIV-1 
subtype B between 2007 and 2024 on Hainan Island 
were analyzed. Of the 76 participants, the mean age was 
35.13 years (range: 17–75 years), with males account-
ing for 90.79%. The majority (52.63%) of infections were 
attributed to MSM, followed by heterosexual contacts 
(28.95%). Approximately two-thirds (63.16%) of patients 
were residents of Haikou city, whereas 31.58% were from 
Sanya city, and only a small proportion(5.28%) came from 
other cities in Hainan province. The majority (86.85%) of 
diagnoses occurred after 2012. Additionally, 25.00% of 

the respondents had completed high school or technical 
secondary school education, and 30.26% had obtained a 
college degree or higher. (Table 1).

Multiple introductions of HIV-1 subtype B on Hainan Island
To estimate the potential origin of HIV-1 subtype B on 
Hainan island, an ML tree was constructed using Data-
set 1 to identify the sequences from global reference 
strains that exhibit close genetic similarity to the Hainan 
strains (Fig.  1). Sequences from Hainan were dispersed 
across the ML tree, eliminating the hypothesis of a single 
founder event followed by regional dissemination, but 
supporting multiple introductions from different coun-
tries. The findings revealed that Hainan sequences have 
close genetic relationships with sequences from vari-
ous regions in China, including Guangdong sequences 
(22.84%, 127/556), Beijing (14.03%, 78/556), Hubei 
(12.59%, 70/556), and other provinces sequences in 
database 1 (55.58%, 309/556), suggesting multiple 

Fig. 1  Global maximum likelihood phylogenetic tree of HIV-1 subtypes B on Hainan Island.The tree reconstruction was inferred using Dataset-1 con-
taining 76Hainan sequences and 556 selected HIV-1 subtype B sequences from the global search. The red dots on the circle indicate the position of the 
Hainan sequences on the phylogenetic tree.Branch support values ≥90 are indicated by black dots. Tree branches are color-coded according to the cities 
of isolation.
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introductions and subsequent transmission to a limited 
number of individuals. The ML tree demonstrated the 
presence of 13 clusters containing Hainan sequences 
with strong statistical support (bootstrap value > 90%). 
More than half of these clusters consisted of mixtures of 
Hainan and non-local sequences.

The time-scale of HIV-1 subtype B introduction on Hainan 
Island
Bayesian time-scaled phylogenies were inferred from 
Dataset 2, and the MCC tree was constructed from the 
posterior distribution (Fig. 2).As expected, the sequences 
from Hainan were scattered across the phylogenetic 
tree, suggesting multiple incursions from various geo-
graphical areas within China. The MCC tree traced its 
roots back to the United States, with the tMRCA dating 
back to 1973.7 (95% HPD: 1968.96, 1979.70). Moreover, 
the MCC tree revealed a robust connection among 44 
Hainan sequences (PP > 0.9).Among these, 26 sequences 
exclusively showed linkage to other Hainan sequences, 
while the remaining 18 sequences exhibited connec-
tions with external sequences. These interconnections 
formed a network of 17 clusters, each containing Hainan 
sequences. Notably, ten clusters solely comprised local 
Hainan sequences.

There were seven clusters comprising sequences from 
Hainan and other provinces. Specifically, two clusters 
originated from Beijing and spread to Hainan, three 
clusters moved from Guangdong to Hainan, one clus-
ter came from Hubei to Hainan, and one cluster trav-
eled from Hainan to Beijing. The earliest transmission 
event of tMRCA from Beijing to Hainan is 2011.97 (95% 
HPD: 2008.44,2014.27), it was transmitted to the HET 
population in Hainan by an unknown transmission 
route in Beijing. While the earliest tMRCA transmission 
from Hainan to Beijing is 2013.83 (95% HPD: 2012.37, 
2015.30), the transmission was from MSM in Hainan to 
MSM in Beijing. The tMRCA of transmission from Hubei 
to Hainan is 2007.87 (95% HPD: 2004.37,2011.17), the 
transmission was from the MSM population in Hubei to 
the MSM population in Hainan. The earliest introduc-
tion to Hainan was traced back to Guangdong tMRCA in 
1999.84 (95% HPD: 1996.71, 2002.66), the transmission 
route was unknown in Guangdong province to HETs in 
Hainan province.

Overall, from Bayesian analysis, it was determined that 
multiple introductions of HIV-1 subtype B into Hainan 
originated in Guangdong, Hubei (BF > 100), Beijing 
(BF = 20), and Liaoning provinces(BF = 47). Most migrant 
events originated from Hubei (n = 15.28), followed by 
Guangdong (n = 10.98). The Bayesian geographic analy-
sis also supported the importation of Hainan subtype 
B strains into Beijing (BF > 100,n = 2.72) (Fig.  3A). The 
transmission route within Hainan Island extended from 
Haikou to multiple cities including Wanning(BF = 7.12), 
Chengmai(BF = 7.04), Tunchang(BF = 6.10), and 
Wenchang(BF = 22.73), Wuzhishan(BF = 21.53), as 
well as Sanya(BF > 100). Additionally, the transmis-
sion also occurred from Sanya to Haikou(BF > 100) 
(Fig. 3B). The MCC tree on Hainan Island originated in 
1981.81 (95%HPD:1962.99,2006.44). The MCC tree was 

Table 1  Respondents’ sociodemographic characteristics
Characteristics The number of pa-

tients (n)
Per-
cent-
age 
(%)

Total 76 100
Sex
Male 69 90.79
Female 7 9.21
Diagnosis age (years)
< 20 4 5.26
20–29 10 13.16
30–39 27 35.53
40–49 10 13.16
> 49 15 19.74
NA 14 18.42
Mean age(years) 35.13
Likely location of infection
Haikou 48 63.16
Sanya 24 31.58
Wanning 1 1.32
Chenmai 1 1.32
Tunchang 1 1.32
Wuzhishan 1 1.32
Risk factor
HET 22 28.95
MSM 40 52.63
MTC 1 1.32
IDU 1 1.32
NA 12 15.79
Diagnosis year
2007–2010 13 17.11
2011–2014 10 13.16
2015–2018 14 18.42
2019–2021 18 23.68
2021–2024 21 27.63
Education
Illiteracy 1 1.32
Primary school 2 2.63
Junior high school 14 18.42
High school or technical secondary 
school

19 25

University or above 23 30.26
Abbreviation: HET, heterosexuality; MSM, men who have sex with men; MTC, 
mother to child; NA, not Record
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Fig. 3  (A):The introduction and dissemination of HIV-1 subtype B in China.The arrow direction represents the propagation direction. Line colors represent 
the range of Bayesian factors (BF): red represents BF >100, blue represents from 30 to 100, yellow represents from 10 to 30, and green represents 3-10.n, 
the counts of migrations.(B):The introduction and dissemination of HIV-1 subtype B winthin Hainan Island. The arrow direction represents the propaga-
tion direction. Line colors represent the range of Bayesian factors (BF): yellow represents BF >100, blue represents from 30 to 100,and black represents 
3-10.n, the counts of migrations. (C):Bayesian molecular clock analysis of HIV-1 subtype Bwithin Hainan Island.Bayesian maximum clade credibility (MCC) 
treeand the time of the most recent common ancestor (tMRCA) estimation.The MCC tree was reconstructed using 76 hainan local sequences.Black dots 
indicate the posterior probability of the node greater than 0.9. The colors of the branches represent the sampled cities. Scale years are reported at the 
bottom of the figure.

 

Fig. 2  Bayesian molecular clock analysis of HIV-1 subtype B on Hainan Island. Bayesian maximum clade credibility (MCC) tree and the time of the most 
recent common ancestor (tMRCA) estimation. The MCC tree was reconstructed using Dataset-2 consisting of 328 sequences, 75 of which were from 
Hainan, and 253 were selected from further analysis by adjusting the ratio of local BLAST to 1:30. Hainan and non-local mixed clusters were marked with 
a purple background, and Hainan local clusters were marked with a yellow background. Black dots indicate the posterior probability of the node greater 
than 0.9. The colors of the branches represent the sampled cities. Scale years are reported at the bottom of the figure.
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transmitted from an infected person with an unknown 
transmission route to a heterosexual infected person in 
Tunchang in Haikou city in 2000.72. The transmission 
time from Haikou to Chengmai was 2002.89, from het-
erosexual infected persons in Haikou to MSM popula-
tion in Chengmai, and from Haikou to Wenchang was 
2018.70, from infected persons with unknown transmis-
sion route in Haikou to heterosexual infected persons in 
Wenchang, and from Haikou to Wanning was 2005.49. 
The transmission route was from an infected person in 
Haikou to a heterosexual infected person in Wanning, 
and the transmission time was from Haikou to Wuzhis-
han on 2016.95, and the transmission was from MSM in 
Haikou to a heterosexual infected person in Wuzhishan 
(Fig. 3C).

The transmission pattern dynamic of risk factors for HIV-1 
subtype B on Hainan Island
Bayesian phylogenetic analysis unveiled the complex-
ity and inter-population transmission of sexually trans-
mitted infections on Hainan Island. The HIV infections 
among MSM in Hainan originated from MSM from 
other provinces(BF > 100,n = 2.68) and individuals with 
unknown transmission routes within the province 
(BF = 3.64, n = 0.44). Moreover, the HIV strains among 

heterosexual individuals in Hainan were introduced 
by three distinct groups: MSM within the province 
(BF > 100,n = 9.60), unknown transmission routes within 
Hainan province (BF = 23.78,n = 2.309), and individuals 
with unknown transmission routes outside the province 
(BF = 60.57, n = 7.67). In Hainan, cases of mother-to-
child transmission may be due to unknown transmis-
sion routes within Hainan province (BF = 32.68, n = 0.68). 
Hainan IDU originated from MSM within the province 
(BF = 17.01,n = 0.64). (Fig. 4).

Discussion
Phylogenies reconstructed using Bayesian time-scales 
revealed the transmission pattern of subtype B in Hainan 
province was complex, involving multiple imported cases 
from various regions rather than a single source. The ini-
tial imported cases originated from Guangdong Prov-
ince around 2000, followed by repeated introductions 
from Guangdong and Hubei to Hainan Island, and sub-
sequently from Hainan Island to Beijing. The transmis-
sion routes exhibited diversity, initially including blood 
transfusion and heterosexual transmission from other 
provinces to Hainan island, which later shifted towards 
homosexual transmission.

Fig. 4  Dynamic evolution of HIV-1 subtype B transmission mode on Hainan Island.The arrow direction representsthe propagation direction. Line colors 
represent the range of Bayesian factors (BF): green represents BF>100, blue represents from 10 to 100, and red represents from 3 to10.n, the counts of 
migrations.
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The Chinese government provides free antiretroviral 
therapy and implements measures, including prevention 
of mother-to-child transmission and needle exchange 
programs, to effectively control the spread of HIV [27–
29]. Although subtype B is not the predominant strain, its 
transmission pattern has shifted from blood and hetero-
sexual contact to homosexual contact within the MSM 
population, characterized by multiple sexual partners 
and high mobility. Therefore, continuous HIV molecular 
surveillance is essential for HIV prevention and control.

The Bayesian geographic evolutionary analysis revealed 
the multiple sources of HIV transmission on Hainan 
Island, indicating frequent population movements across 
various regions over a prolonged duration. The HIV-1 
subtype B strains were introduced to Hainan Province 
from the provinces of Hubei and Guangdong. Conversely, 
Beijing was introduced from Hainan province. In 1985, 
subtype B was introduced into Yunnan through intra-
venous drug users in Southeast Asia. Consequently, it 
spread from Yunnan to central China (including Henan 
and Hubei) during the 1990s via former plasma donors 
[30]. The rapid dissemination of subtype B within cen-
tral China resulted in its expansion towards Beijing, 
Shandong, Gansu, and 21 other neighboring provinces 
through both blood and sexual transmissions [31]. As a 
result of stringent measures implemented against illicit 
commercial blood sampling activities along with inten-
sified efforts aimed at combating drug-related practices 
nationwide, sexual transmission has gradually emerged as 
the predominant mode for HIV-1 B subtype propagation 
[30, 31]. This study, for the first time, identified the con-
nection between subtype B in Hainan and Hubei, with 
Hubei serving as a transportation hub that facilitates HIV 
transmission to other locations. Additionally, Guang-
dong’s developed economy attracts additional migrant 
workers and its geographical proximity to Hainan creates 
favorable conditions for the transmission of HIV subtype 
B. Previous studies have shown that subtype B accounted 
for 5% of treatment failure in HIV-1 infected patients in 
Guangdong Province [32], while its prevalence was 5.13% 
among newly diagnosed HIV/AIDS cases in Shenzhen 
from 2011 to 2018 due to elevated population mobility 
[33]. The combination of high prevalence and geographi-
cal proximity facilitated the spread of subtype B strain 
from Guangdong to Hainan, subsequently disseminat-
ing to Beijing, underscoring its widespread distribution 
across multiple provinces and emphasizing the need for 
vigilant surveillance.The prolonged and frequent trans-
mission of the virus in these two provinces was identified, 
which is closely associated with the convenient transpor-
tation between Hainan and Guangdong, including the 
railway system and maritime routes. Additionally, the 
close cultural and folk exchange activities serve as driv-
ing factors that may facilitate the mutual transmission 

of cases between the two provinces. The connection 
and communication between the two regions will likely 
accelerate the further spread of HIV-1 infection. These 
findings underscore the necessity to establish molecular 
surveillance systems and share HIV-1 infection informa-
tion in Hainan and Guangdong provinces.

Compared with other cities in the Chinese mainland, 
the import of subtype B in Hainan mainly depends on the 
MSM and HET populations. In contrast to the traditional 
blood transmission mode in cities of the Chinese main-
land, subtype B in Hainan is imported through sexual 
transmission. This might be associated with the natural 
transportation barrier of Hainan Island, indicating the lag 
of virus import on the island. Simultaneously, it reflects 
that compared with traditional blood transmission, sex-
ual transmission has a stronger transmission capacity.
This presents distinct challenges for the prevention and 
management of subtype B HIV in Hainan, as compared 
to the control of blood-borne transmission. Addition-
ally, this study reveals that men who have sex with men 
(MSM) demonstrate higher levels of mobility and trans-
mission potential relative to other transmission groups 
[34].MSM exhibited greater mobility and transmissibil-
ity compared to other transmission groups [34], as also 
evidenced by this study. Hainan MSM not only facilitates 
inter-provincial dissemination of HIV-1 subtype B within 
their community but also propagates it similarly to other 
high-risk groups such as heterosexual sexual networks. 
This finding suggested the necessity of revising the pre-
vention and control strategy for subtype B, highlight-
ing the significant role of MSM in HIV transmission in 
addition to conventional methods aimed at preventing 
bloodborne transmission. Moreover, the high rate of pop-
ulation mobility and clustering of ethnic minority groups 
in Hainan Province poses a potential risk of dual infec-
tion for the heterosexual population, both locally and 
beyond. Additionally, patriarchal beliefs may lead MSM 
to engage in covert marriages [35, 36], and research also 
revealed the presence of minority female sex workers in 
this area, with a low level of awareness regarding AIDS 
knowledge [37]. Consequently, it is imperative to imple-
ment health education initiatives and bolster the self-
protection skills of heterosexual communities in Hainan 
Province.

In summary, this study has revealed the diversity of 
transmission sources of HIV-1 subtype B on Hainan 
Island. The virus has been imported from multiple prov-
inces, mainly through sexual behavior from Guangdong 
and Hubei. Additionally, it reflects a shift in the trans-
mission pattern of HIV-1 subtype B on Hainan Island, 
from heterosexual contact and blood transmission to 
homosexual contact. This study provided insights into 
the current transmission situation of HIV-1 subtype B 
on Hainan Island and offers an important reference for 
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the formulation of AIDS surveillance and prevention 
strategies.

The limitations of this study primarily revolve around 
the initially limited sample size and the absence of full-
length sequences. Specifically, only pol region sequences 
were available, and the database-provided sequences 
exhibited incomplete coverage. This may have introduced 
potential biases in our results, which should be addressed 
in future research.However, it is important to emphasize 
that these limitations do not diminish the significance of 
this study, as it represents the first attempt to investigate 
the origin of subtype B on Hainan Island using a phyloge-
netic approach.
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