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Background. We sought to identify students and their sexual partners in a molecular transmission network.
Methods. We obtained 5996 HIV protease and reverse transcriptase gene sequences in Guangxi (165 from students and 5831 

from the general populations) and the relevant demographic data. We constructed a molecular transmission network and intro-
duced a permutation test to assess the robust genetic linkages. We calculated the centrality measures to describe the transmission 
patterns in clusters.

Results. At the network level, 68 (41.2%) students fell within the network across 43 (8.1%) clusters. Of 141 genetic linkages be-
tween students and their partners, only 25 (17.7%) occurred within students. Students were more likely than random permutations 
to link to other students (odds ratio [OR], 7.2; P < .001), private company employees aged 16–24 years (OR, 3.3; P = .01), private 
company or government employees aged 25–49 years (OR, 1.7; P = .03), and freelancers or unemployed individuals aged 16–24 
years (OR, 5.0; P < .001). At the cluster level, the median age of nonstudents directly linked to students (interquartile range) was 25 
(22–30) years, and 80.3% of them had a high school or higher education background. Compared with students, they showed a sig-
nificantly higher median degree (4.0 vs 2.0; P < .001) but an equivalent median Eigenvector Centrality (0.83 vs 0.81; P = .60).

Conclusions. The tendency of genetic linkage between students and nonstudent young men and their important position in the 
HIV transmission network emphasizes the urgent need for 2-pronged public health interventions based on both school and society.

Keywords. HIV; network centrality; student; transmission network.

Students are the highest priority group for HIV prevention in 
China [1]. Between 2011 and 2015, the number of newly reported 
HIV cases in students aged 15–24 years increased, ranging from 
15% to 50% annually, reaching 3236 in 2015 [2]. Although the 
increasing trend has slowed down since the Chinese government 
launched a series of policies to increase HIV health care services 
for students in 2015, students continue to be inordinately vul-
nerable to HIV in the existing social network [3]. In 2019, newly 
reported HIV cases in students accounted for 21.7% (3422/15 
790) of the cases in the overall population of the same age [4]. 

Hence, some key populations may not have been covered by the 
existing policies. Although the 2-pronged interventions targeting 
both transmission source and susceptible populations are effec-
tive at reducing HIV incidence [5], the current research is lim-
ited to school-based prevention, such as conducting youth risk 
behavior surveillance [6], promoting HIV knowledge and sexual 
health education [7], and encouraging self-testing, preexposure 
prophylaxis, and postexposure prophylaxis [8–10]. The bottle-
neck of the current research is that the traditional questionnaire 
method cannot effectively uncover the overlapping transmission 
networks within students or between students and nonstudents. 
Fortunately, an increasing number of studies have supported 
that phylogenetic analysis can provide a method for deter-
mining the groups among whom HIV is spreading [11]. Here, 
we constructed a molecular transmission network based on 2 
province-wide surveillance databases, namely the HIV sequences 
database and the National HIV/AIDS Comprehensive Response 
Information Management System for Guangxi. We introduced a 
permutation test to assess sampling bias. Moreover, we calculated 
the centrality measures and plotted target diagrams to illustrate 
the network position of individuals in clusters. We hypothesized 
that the network position would reflect the transmission patterns.
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METHODS

Data Sources

For this phylogenetic analysis, we collected the sequence data 
from Guangxi Center for Diseases Prevention and Control 
(GXCDC). The HIV protease and reverse-transcriptase genetic 
sequences (pol, HXB2 coordinates: 2253–3554 nt, minimum 
length 1000 nt, proportion of ambiguous nucleotides <5%) 
for the province-wide cross-sectional HIV molecular surveys 
(between 1997 and 2020) were extracted, each representing 
a distinct group of people with HIV (PWH). The sequence 
data were linked to the National HIV/AIDS Comprehensive 
Response Information Management System for Guangxi. The 
process of selecting participants is described in a flow diagram 
(Supplementary Figure 1). Students were eligible if they met the 
following criteria: (1) aged 16 years and above; (2) self-reported 
as students and were confirmed by student ID cards; (3) at-
tending high schools, colleges, or universities in Guangxi and 
residing locally when sampling; (4) diagnosed as HIV-positive 
in Guangxi. PWH who did not meet the above criteria were 
marked as nonstudents. Eventually, 165 pol sequences from 165 
students were obtained.

To build the largest background sequences database, we col-
lected all available HIV pol sequences from 2 sources: (1) the 
GXCDC HIV sequences database mentioned above; (2) all 
published HIV pol sequences (with the same quality control 
requirement as sequences from GXCDC) from Los Alamos 
National Laboratories HIV Sequence Database (https://www.
hiv.lanl.gov/). When 2 or more sequences from an individual 
were available, the earliest sequence was retained. We retrieved 
171 365 background sequences.

Patient Consent 

The Ethics Review Board of Guangxi Center for Diseases 
Prevention and Control approved the study (Certificate No. 
GXIRB2016-0047-1). Each PWH signed written consent be-
fore blood sampling, allowing the use of the blood samples and 
anonymized data in future epidemiological studies. We signed 
a confidentiality agreement and were authorized to use these 
databases for this study.

Transmission Network Construction

The HIV pol sequences from students and the background 
population were merged into a sequence database. All pol 
sequences were automatically aligned by MAFFT (version 7) 
[12] and visually inspected by BioEidit (version 7.1). The HIV 
subtypes were determined based on an approximate maximum 
likelihood phylogenetic tree analysis, which was constructed by 
IQ-TREE (version 1.6.12) [13] with a general time-reversible 
model and was visualized by FigTree (version 1.4.3). Using the 
Tamura-Nei model, 93 pairwise nucleotide genetic distances 
were calculated between each pair of sequences in the merged 
database. A genetic distance threshold (GD) of 0.5% was used 

to infer the rapid transmission clusters [14]. As no background 
sequence obtained outside Guangxi directly linked to student 
sequences at this threshold, we considered that recent HIV 
transmissions among students in Guangxi are predominantly 
derived from circulating local strains. To improve the spec-
ificity in identifying high-risk transmission subpopulations, 
we finally included 165 HIV pol sequences from students and 
5831 Guangxi background sequences. The number of newly 
diagnosed PWH and the sampling rates of HIV pol sequences 
by year are shown in Supplementary Table 1. The HIV molec-
ular transmission network was constructed using MicrobeTrace 
(version 0.7.0) [15].

Statistical Analysis

At the network level, we compared the predictive factors of 
falling within the Guangxi network and falling within the 
clusters containing at least 1 student (student cluster) using 
univariable and multivariable logistic regression models. Age 
was classified into 3 categories: (1) age 16–24 years, repre-
senting young adults; (2) age 25–49 years, representing adults, 
and (3) age ≥50 years, representing the elderly. The occupation 
was classified into 4 categories: (1) student; (2) farm or factory 
worker, representing the relatively low-income subpopulations 
living in rural areas or temporarily migrating to urban areas 
[16]; (3) freelancer, unemployed, or retired, representing the 
relatively low-income subpopulations living in urban areas; and 
(4) private company or government employees, representing 
the relatively high-income subpopulations living in urban 
areas. To minimize the impact of missing data (Supplementary 
Table 2) on the coefficient estimates of predictive factors, we 
applied multiple imputations by chained equations [17] to ob-
tain suitable imputed data before fitting the logistic regression 
model. A sensitivity analysis was also performed to inspect 
the distribution of original and imputed data (Supplementary 
Table 3). To address potential sampling bias and test whether 
the network contained more robust linkages between students 
and their partners than randomized linkages, we introduced 
a permutation test, which has been detailed previously [18]. 
Briefly, randomized pairwise genetic linkages were generated 
by randomly permuting subpopulation labels on the network 
1000 times. Statistical significance was calculated by comparing 
the observed proportion of pairwise genetic linkages with the 
distribution for the proportion of randomized pairwise genetic 
linkages.

At the cluster level, the individuals in the student clusters 
were classified into 3 subgroups: (1) students; (2) nonstudents 
directly linked to students (DLS); and (3) nonstudents indi-
rectly linked to students (ILS). We compared the centrality 
measures between the 3 subgroups using Dunn’s Kruskal-
Wallis test for multiple comparisons. In a cluster, a node rep-
resents an individual, and an edge represents a link between 2 
nodes. The centrality measures in this study included [19]: (1) 
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Degree, the sum of edges connected to a node, represents the 
gregariousness of a node. (2) Betweenness Centrality is the 
number of shortest paths between 2 nodes through a given 
node. A node with a high Betweenness Centrality tends to 
provide a bridge between two large clusters. (3) Eigenvector 
Centrality, the sum of the weighted Degree of a node and its 
neighbors, represents the potential importance of a node in 
the cluster.

All statistical tests were 2-sided, and P < .05 was considered 
statistically significant. Adjusted P for multiple comparisons 
was calculated by Dunn’s Kruskal-Wallis test. Statistical analyses 
were performed with R (version 4.1.0). The R packages “mice” 
(version 3.7.0), “sna” (version 2.6), “igraph” (version 1.2.6), 
and “FSA” (version 0.9.1) were used to conduct multiple im-
putations, generate random permutations, calculate centrality 
measures, and conduct multiple comparisons, respectively.

RESULTS

Demographic Characteristics

We obtained 5996 HIV pol sequences, each representing a 
unique PWH, of which 165 were sampled from students be-
tween 2010 and 2020 and 5831 were sampled from nonstudents 
between 1997 and 2020. Compared with nonstudents, stu-
dents showed the following distinct characteristics: age 16–24 
years (91.5% vs 11.5%), male (97.6% vs 71.3%), acquired HIV 
through men who have sex with men (MSM; 80.0% vs 18.7%), 
CRF01_AE Cluster 4 (13.9% vs 5.6%), CRF01_AE Cluster 5 
(7.3% vs 2.0%), CRF07_BC Cluster 1 (54.5% vs 10.8%), and 
unique recombinant form (10.9% vs 7.3%) (Table 1).

Network Inference

At the network level, 1886 (31.5%) of 5996 PWH were clus-
tered at the GD of 0.5%. The Guangxi network is composed of 
531 clusters ranging in size from 2 to 76 nodes (Supplementary 
Figure 2). Among 5831 nonstudents, 1818 (31.2%) fell within 
the network across 529 (99.6%) clusters. Compared with 
nonstudents, students were more likely to fall within the 
network (n = 68, 41.2% vs 31.2%; P = .006), but they were 
only distributed in 43 (8.1%) clusters. In the univariable and 
multivariable analyses, male, single, high school or higher 
educational background, and MSM were the positive pre-
dictive factors of clustering (Supplementary Tables 4 and 5). 
However, age and occupation had different effects on falling 
within the Guangxi network and falling within student clus-
ters. In age categories, age ≥50 years showed a higher adjusted 
odds ratio (aOR) than others of falling within the Guangxi 
network but showed a lower aOR than others of falling within 
the student cluster. In the occupation categories, all occupa-
tions had a similar aOR of falling within the Guangxi net-
work, but farming or factory work showed a lower aOR than 
others of falling within the student clusters (Table 2). In the 

observed HIV molecular transmission network, 25 (17.7%) 
of 141 observed genetic linkages between students and their 
partners were student–student linkages, and 116 (82.2) of 
141 were student–nonstudent linkages, which indicated that 
students and nonstudents might have strong linkages in the 
HIV transmission network. Further, we conducted permuta-
tion tests to assess the robust genetic linkages and find the key 
subpopulation in nonstudents. Four groups had significantly 
higher proportions of observed pairwise genetic linkages to 

Table 1. Characteristics of Studied Students and Nonstudents

Characteristics Student, No. (%) Nonstudent, No. (%) 

Total No. 165 5831

Age

  16–24 y 151 (91.5) 669 (11.5)

  25–49 y 14 (8.5)a 3003 (51.5)

  ≥50 y 0 (0) 2159 (37.0)

  Median (IQR), y 21 (19–22) 43 (31–56)

Sex

  Male 161 (97.6) 4159 (71.3)

  Female 4 (2.4) 1672 (28.7)

Marital status

  Single 165 (100) 2089 (35.8)

  Marriedb 0 (0) 2758 (47.3)

  Divorced or widowed 0 (0) 984 (16.9)

Education background

  Junior high school and 
below

0 (0) 4233 (72.6)

  High school and above 165 (100)c 1598 (27.4)

Occupation

  Student 165 (100) 0 (0)

  Farming or factory 
worker

0 (0) 3051 (52.3)

  Freelancer, unemployed,  
or retired

0 (0) 1586 (27.2)

  Private company or 
government employee

0 (0) 1194 (20.5)

Infectious route

  Heterosexual contact 33 (20.0) 4174 (71.6)

  Men who have sex 
with men

132 (80.0) 1092 (18.7)

  Intravenous drug use 0 (0) 565 (9.7)

HIV strain

  CRF01_AE Cluster 1 1 (0.6) 1633 (28.0)

  CRF01_AE Cluster 2 1 (0.6) 929 (15.9)

  CRF01_AE Cluster 3 0 (0) 63 (1.1)

  CRF01_AE Cluster 4 23 (13.9) 328 (5.6)

  CRF01_AE Cluster 5 12 (7.3) 114 (2.0)

  CRF07_BC Cluster 1 90 (54.5) 632 (10.8)

  CRF07_BC Cluster 2 5 (3.0) 494 (8.5)

  CRF08_BC 2 (1.2) 977 (16.8)

  CRF55_01B 13 (7.9) 208 (3.6)

  URF 18 (10.9) 424 (7.3)

  B and C 0 (0) 29 (0.5)

Abbreviations: IQR, interquartile range; URF, unique recombinant form. 
aFourteen students in this category were aged 25–29 years.
bMarried does not include same-sex marriage.
cHigh school and college students.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac042#supplementary-data
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students than random links: (1) other students (aOR, 7.2; 
P < .001); (2) private company employees aged 16–24 years 
(aOR, 3.3; P = .01); (3) private company or government em-
ployees aged 25–49 years (aOR, 1.7; P = .03); and (4) freelan-
cers or unemployed individuals aged 16–24 years (aOR, 5.0; 
P < .001), respectively (Figure 1). These results showed that 
the four groups mentioned above were the key subpopulation 
that had robust genetic linkages with students.

At the cluster level, 43 student clusters were composed of 68 
students, 132 DLS, and 109 ILS. The majority of these individuals 
were male (students, 98.5%; DLS, 92.4%; ILS, 97.2%). More than 
80% of nonstudents (including DLS and ILS) had a high school or 
higher educational background, and <15% of nonstudents were 
farming or factory workers (Supplementary Table 6). Among the 
3 subgroups, students were the youngest (median [interquar-
tile range {IQR}], 20 [19–22] years; adjusted Pstudent vs DLS < .001; 
adjusted Pstudent vs ILS < .001), followed by DLS (median [IQR], 25 
[22–30] years; adjusted PDLS vs ILS < .001) and ILS (median [IQR], 
28 [24–35] years). Additionally, the student subgroup had the 
highest proportion of PWH age 16–24 years (91.2%), followed by 
the DLS subgroup (46.2%) and the ILS subgroup (29.4%).

The target diagrams (Figure 2) illustrate how the Degree in-
deed captures the notions of centrality: the nearer to the center, 

the higher the Degree. However, the small number of individ-
uals in a single cluster made it difficult to detect statistical differ-
ences between the 3 subgroups. For example, the largest student 
cluster was composed of 6 students, 21 DLS, and 49 ILS. For the 
Degree in this cluster, there was no significant difference be-
tween students (median [IQR], 4.0 [1.3–6.8]) and DLS (median 
[IQR], 11.0 [4.0–12.0]; adjusted Pstudent vs DLS = .12). Similarly, 
there was no significant difference between students (median 
[IQR], 4.0 [1.3–6.8]) and ILS (median [IQR], 2 [1–3]; adjusted 
Pstudent vs ILS = .20). But the Degree for DLS (median [IQR], 11.0 
[4.0–12.0) was significantly higher than that for ILS (median, 
2 [1–3]; adjusted PDLS vs ILS < .001) in the cluster. Therefore, we 
compared the centrality measures for 309 individuals in all 43 
student clusters.

The Degree for students (median [IQR], 2.0 [1.0–5.0]; ad-
justed Pstudent vs DLS < .001) and ILS (median [IQR], 2.0 [1.0–
4.0]; adjusted PDLS vs ILS < .001) was significantly lower than 
that for DLS (median [IQR], 4.0 [2.0–8.0], respectively). 
Similarly, the Betweenness Centrality for students (median 
[IQR], 0 [0–2.0]; adjusted Pstudent vs DLS = .01) and ILS (me-
dian [IQR], 0 [0–3.3]; adjusted PDLS vs ILS = .02) was signifi-
cantly lower than that for DLS (median [IQR], 0.6 [0–7.1]). 
However, the Eigenvector Centrality for students (median 

Table 2. Comparison of the Predictive Factors Associated With Falling Within the Guangxi Molecular Transmission Network and Falling Within the 
Student Clusters

 Falling Within Guangxi Network  Falling Within Student Clusters  

Characteristics aOR (95% CI) P aOR (95% CI) P

Age

  25–49 y 1 1

  16–24 y 1.08 (0.89–1.31) .43 1.47 (1.08–1.98) .01

  ≥50 y 1.74 (1.51–2.01) <.001 0.30 (0.13–0.61) .002

Sex

  Female 1 1

  Male 1.24 (1.07–1.43) .003 2.03 (1.13–3.88) .02

Marital status

  Marrieda 1 1

  Single 1.18 (1.01–1.39) .04 2.19 (1.41–3.50) .001

  Divorced or widowed 0.92 (0.78–1.08) .31 0.88 (0.39–1.82) .75

Education background

  Junior high school and below 1 1

  High school and above 1.25 (1.08–1.46) .004 2.86 (1.97–4.22) <.001

Occupation

  Farming or factory worker 1 1

  Freelancer, unemployed, or retired 1.13 (0.98–1.31) .09 2.78 (1.80–4.41) <.001

  Private company or government employee 1.07 (0.90–1.26) .44 2.47 (1.59–3.93) <.001

  Student 0.89 (0.61–1.28) .52 5.44 (3.16–9.55) <.001

Infectious route

  Heterosexual contact 1 1

  Men who have sex with men 1.83 (1.54–2.19) <.001 2.14 (1.53–3.02) <.001

  Intravenous drug use 0.51 (0.39–0.65) <.001 0.03 (0.00–0.16) .001

Student clusters = clusters containing at least 1 student.

Abbreviation: aOR, adjusted odds ratio. 
aMarried does not include same-sex marriage.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac042#supplementary-data
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[IQR], 0.81 [0.62–1.00]; adjusted Pstudent vs ILS < .001) and DLS 
(median [IQR], 0.83 [0.61–1.00]; adjusted PDLS vs ILS < .001) 
was significantly higher than that for ILS (median [IQR], 0.18 
[0.01–0.64]) (Table 3).

DISCUSSION

This is the first study using large-scale province-wide surveil-
lance databases to infer HIV transmission networks in stu-
dents and characterize their network position. Although the 
small number of students was an inherent limitation, the largest 
number of background sequence data and the most detailed 
demographic data in Guangxi provided the greatest possibility 
to identify potential sources of HIV acquisition in students.

As the HIV transmission network is constructed based on 
genetic similarity, the genetic linkages may not fully represent 
actual transmission linkages. Although potential transmission 
clusters and risk populations may be found under a lenient GD 
of 1.5% [20], it is difficult to detect the high-priority clusters 
and identify the high-risk subgroups in a larger cluster [21]. 
In this study, 18.7% of nonstudent PWH and 80.0% of student 
PWH acquired HIV from MSM based on self-report. Therefore, 
the transmission cluster inferred by a lenient GD may include 
many PWH with a weak epidemiological linkage. Additionally, 
China is one of the countries with the largest number of HIV-1 
subtypes in the world [22], and a lenient GD may generate 
false-positive genetic linkages between some HIV recombinant 
forms. Therefore, we chose a conservative genetic threshold of 
0.5 to infer the rapid transmission network [14].

In the rapid transmission network, a larger number of stu-
dents gathered in a small number of clusters, which were com-
posed of both students and nonstudents. This phenomenon 
suggested that the primary sources of rapid transmission may 
be concentrated in certain subpopulations. In this study, some 
demographic and risk characteristics were demonstrated to be 
robust predictive factors of falling within the Guangxi network 
and student clusters, such as male gender, single marital status, 
high school or higher educational background, and being an 
MSM. However, age 25–49 years performed a weak predictive 
effect on falling within the Guangxi network but a strong ef-
fect on falling within student clusters. Also, in the occupation 
categories, freelancer, unemployed or retired, private company 
or government employee, and student showed similar predic-
tive effects. As the high proportion of individuals aged ≥50 years 

and farming or factory workers in the Guangxi network may 
lead to more false-positive genetic linkages, we further con-
ducted permutation tests to assess the robust genetic linkages. 
The consistent results of multivariable logistic regression ana-
lyses and permutation tests indicated that young MSM living 
in urban areas had robust genetic linkages with students in the 
complex network. In previous interviews, the median age at first 
anal intercourse among MSM has continuously decreased from 
33 years to 18 years over the past few decades [23], but <42% 
of MSM aged <25 years have undergone first-time HIV testing 
in China [24]. We have demonstrated that insufficient HIV 
testing in young MSM accelerates HIV transmission between 
students and nonstudents. However, we need to emphasize that 
the generalizability of our results may be limited. A previous 
nationwide spatial analysis suggested that sociodemographic 
indicators such as population density and per capita gross do-
mestic product had statistically significant positive correlations 
with spatial–temporal clusters of MSM [25]. Therefore, the risk 
of young MSM may be underestimated when our results are ex-
ternally validated in the developed region.

Not only students but also their sexual partners should be 
considered high-priority groups for interventions. In student 
clusters, DLS occupied a central position because they had the 
highest median Degree among the 3 subgroups. Additionally, 
DLS had the highest median Betweenness Centrality among 
the 3 subgroups, which indicated that DLS provided a bridge 
between students and ILS. Compared with DLS, students were 
currently located at a relatively peripheral position because they 
had a lower median Degree than DLS. However, students had 
a high potentiality to become the next superspreaders because 
they had a high median Eigenvector Centrality, similar to DLS, 
whereas ILS were located at peripheral positions and had a low 
risk of transmission. Notably, ILS were the oldest in the student 
cluster, followed by DLS and students. Therefore, we propose a 
hypothesis that there is a cycle of HIV transmission from men 
with a median age of 28 years to men with a median age of 25 
years to students (Figure 3). This hypothesis is reasonable be-
cause that age-disparate sexual relationship is associated with a 
high frequency of unprotected sex behaviors [26, 27]. Although 
genetic linkages in the molecular transmission network do not 
suggest the direction or order of transmission, the network 
positions of individuals can be used to infer the transmission 
patterns and provide the necessary evidence to prioritize tar-
geted interventions [20]. The most effective methods at present 

Table 3. Centrality Measures for Students and Nonstudents in the Student Clusters

Centrality Student DLS ILS Adjusted Pstudent vs DLS Adjusted Pstudent vs ILS Adjusted PDLS vs ILS 

Degree 2.0 (1.0–5.0) 4.0 (2.0–8.0) 2.0 (1.0–4.0) <.001 .66 <.001

Betweenness Centrality 0 (0–2.0) 0.6 (0–7.1) 0 (0–3.3) .01 .81 .02

Eigenvector Centrality 0.81 (0.62–1.00) 0.83 (0.61–1.00) 0.18 (0.01–0.64) .60 <.001 <.001

Data are presented as median (IQR). Statistical significance was calculated using Dunn’s Kruskal-Wallis test for multiple comparisons.

Abbreviations: DLS, nonstudents directly linked to students; ILS, nonstudents indirectly linked to students; IQR, interquartile range.
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to block this cycle are conducting detailed behavioral surveys 
on DLS and providing them with targeted HIV health care serv-
ices. In parallel, providing services for students will reduce fu-
ture HIV prevalence. Additionally, a small number of females 
were found in the student clusters. Why do these females appear 
in the clusters dominated by MSM? A possible explanation is 
that they were the unmarried female sexual partners or wives 
of MSM. A meta-analysis showed that 17.0% of MSM in China 
were currently married to a female. Also, 26.3% of MSM had 
had at least 1 heterosexual contact in the last 6 months, but the 
rate of condom use was only 25.6% [28]. Our study suggested 
that MSM could be the critical bridge of HIV transmission to 
students as well as the general female population.

The study has some limitations. First, a sampling bias was 
inevitable because some students might conceal their stu-
dent identity. Second, some nonstudent young men who were 
diagnosed as HIV-positive might have acquired HIV when 
they were students. A BED-capture enzyme immunoassay for 
identifying recent infections and a detailed questionnaire for 
understanding when students graduated were not available in 
this study. Therefore, these limitations open avenues for fur-
ther research. The inclusion of such data in future studies can 
improve the accuracy of targeted interventions to reduce sec-
ondary transmission.

CONCLUSIONS

In conclusion, this study revealed that students tended to cluster 
not only with other students but also with nonstudent young 
men. Both students and nonstudents occupied an important 
position in the HIV transmission network. These data empha-
size the urgent need for 2-pronged public health interventions 
based on both school and society.
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