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Abstract

This study investigates the two-mode core-periphery structures of venue affiliation networks of
younger Black men who have sex with men (YBMSM). We examined the association between
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these structures and HIV phylogenetic clusters, defined as members who share highly similar HIV
strains that are regarded as a proxy for sexual affiliation networks. Using data from 114 YBMSM
who are living with HIV in two large U.S. cities, we found that HIV phylogenetic clustering
patterns were associated with social clustering patterns whose members share affiliation with core
venues that overlap with those of YBMSM. Distinct HIV transmission patterns were found in each
city, a finding that can help to inform tailored venue-based and network intervention strategies.

Keywords

social determinants of health; racial disparity; HIV transmission networks; phylogenetics; venue
affiliation network; core-periphery structure; young black men who have sex with men; sexual

networks

INTRODUCTION

In the United States (U.S.), younger Black/African American gay, bisexual, same gender-
loving, and other men who have sex with men (hereafter YBMSM) bear a disproportionate
burden of HIV, with the 25-34 age group as accounting for 47% of estimated HIV incidence
among Black MSM in 2018 (CDC, 2020a). The racial disparities in HIV prevalence and
incidence among Black MSM have been well described and reflect structural inequities,
such as financial and housing instability, incarceration, lack of health insurance, lack of
access to HIV prevention and care service, stigma, and racial discrimination. These
inequities increase their HIV risk despite their higher level of engagement in preventive
behaviors in comparison to non-Black MSM (Millett et al., 2007; Millett et al., 2012).

HIV spreads within networks that are structured by a pattern of direct and indirect linkages
to an infectious agent, and these linkages shape transmission pathways among network
members (Friedman and Aral, 2001; Friedman et al., 1997). Structural inequities are
inextricably linked to racially segregated sexual networks and their intra-racial network
features. These features are characterized by racial homophily in sexual partnerships and
disassortative mixing patterns (like as mixing with dislike). In these networks, sexually
transmitted infections (STIs) may flow from core individuals (who had four or more sex
partners) to peripheral ones (who had only one partner) (Laumann and Youm, 1999). Sexual
networks that involve YBMSM are extensive and dynamic with a confluence of high HIV
prevalence (Hurt et al., 2012; Schneider et al., 2017). Notably, they are characterized by
dense and interconnected sexual networks and partnership characteristics with assortativity
(like as mixing with like) by race and with dissortativity by age (Amirkhanian, 2014;
Chamberlain et al., 2017; Mustanski et al., 2015; Mustanski et al., 2019).

Social venues as foci to potentiate sexual affiliation networks

Sexual network density can be substantially increased through attendance at certain venues,
which elevates the risk of contracting HIVV (Amirkhanian, 2014). Social venues (such as gay
bars, clubs, cruising spots, and gyms) where MSM congregate to meet sex partners are
considered a “networked space” (Holloway et al., 2014). Such spaces connect multiple
anonymous contacts with unnamed or unknown partners, through which “sexual affiliation
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networks” (Frost, 2007) are formed and HIV or other STIs can be transmitted. Social venues
play a pivotal role in developing social contexts organized around shared activities, referred
to as focused activities, or foc/ (Feld, 1981b). Focianchor social interactions through the
process of constraining choice to form and maintain social relationships with certain
personal characteristics and, thus, bring homogeneous sets of people together (Feld, 1982a).
A group of individuals who share a localized social experience within a wider peer network
constitutes “local positions” (Frank et al., 2008a). Grounded in the theory of the “duality of
persons and groups” (Breiger, 1974) and the notion of foci (Feld, 1981a; Feld, 1982b), the
concept of the “duality of local positions” (Frank et al., 2008b) refers to the members of a
local position and focithat represent the prominent place of the “local positions.”

Taking into consideration that YBMSM experience social and structural inequities, we posit
that social networks organized around shared activities via affiliation with certain social
venues constitute “local positions.” Using the above-noted concept of “duality of local
positions,” we presume that YBMSM'’s social interactions are channeled by “local
positions,” which systematically constrain their opportunities for identifying their social or
sexual partners and their choices in regard to forming and maintaining relationships. Such
“focused choices” (Feld, 1982a) lead to homophily through the process of YBMSM’s
drawing their partners from certain social venues (i.e., foc/). As such, it is integral to
investigate how venue-based relationships can confer HIV risk on its venue affiliation
members.

Social clustering-based core-periphery structure

Several existing studies have employed affiliation network analysis to visualize and describe
the structural characteristics of affiliation networks between MSM and social venues in
relation to HIV risk and acquisition (Brantley et al., 2017; Fujimoto et al., 2015; Holloway et
al., 2014; Oster et al., 2013; Young et al., 2017). Venue affiliation patterns are concentrated
around a relatively small group of venues, through which densely connected sexual networks
are formed that, in turn, may potentiate HIV transmission (Brantley et al., 2017; Oster et al.,
2013). This venue-based clustering pattern is represented by a core and/or peripheral
structure in venue affiliation networks (Brantley et al., 2017; Holloway et al., 2014). In this
core-periphery structure, the core venues are represented by densely connected clusters of
several venues through a high level of network member sharing, while the peripheral venues
are represented by loosely connected clusters of a larger number of venues with a lower (or
zero) level of network member sharing (Holloway et al., 2014). The viral loads among
clients have been found to vary between core and peripheral venues (Brantley et al., 2017),
indicating that the core versus peripheral status of venues shapes HIV vulnerability.

These prior studies provide useful insights into core-periphery venue clustering patterns as a
potential structural force for generating denser sexual affiliation networks through which
HIV may be spread. Rarely, however, have studies comprehensively investigated venue
affiliation network by analytically decomposing social clustering patterns in terms of the
core versus periphery of both social venues and YBMSM. They also have not provided
biological support for the putative HIV transmission patterns.
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Our study addresses these knowledge gaps by taking the following approaches. First, we
employ affiliation network analysis (Everett and Borgatti, 2013) to analytically decompose
and classify multiple patterns of core-peripheral social clustering. These clustering patterns
are identified by combinations of the core versus periphery status of the social venues and
YBMSM. Second, we take a molecular epidemiological approach to generate putative HIV
phylogenetic clusters in which members share highly similar HIV strains. Our study
postulates that sexual affiliation networks could be proxied by identifying putative HIV
phylogenetic clusters, whereby HIV transmission networks are reconstructed based on the
commonality of HIV viral sequences.

Two-mode core-periphery social clustering patterns

Our study defines “core YBMSM?” as cohesive subgroups of YBMSM who are connected
through a high level of venue co-attendance and “peripheral YBMSM” as subgroups of
YBMSM who are loosely connected through either low levels of co-attendance or no venue
attendance. The “core venues” are cohesive subgroups of popular venues that share a high
level of YBMSM clients, and the “peripheral venues” are loosely connected subgroups of
marginal venues that share a lower level of YBMSM clients. Based on these four
classifications, we specify the following eight social mechanisms of generating social
clustering patterns: (1) core YBMSM who co-attend core venues, (2) core YBMSM who co-
attend peripheral venues, (3) peripheral YBMSM who co-attend core venues, (4) peripheral
YBMSM who co-attend peripheral venues, (5) core YBMSM who co-attend any venue, (6)
peripheral YBMSM who co-attend any venue, (7) any YBMSM who co-attend core venues,
and (8) any YBMSM who co-attend peripheral venues. Our study will examine which core-
periphery social clustering patterns best reflect the HIV phylogenetic clustering patterns.

HIV phylogenetic clustering as a proxy for sexual affiliation networks

This study proposes a methodological approach to combining affiliation network analysis
into molecular phylogenetic analysis by postulating that sexual networks can be proxied by
putative HIV phylogenetic clusters whose members share highly similar HIV strains.
Molecular phylogenetic analysis enables the identification of genetic HIV transmission
clustering patterns by reconstructing HIV transmission networks based on the commonality
of HIV viral sequences (Brooks et al., 2013; Sacks-Davis et al., 2012). Membership in the
same phylogenetic cluster implies that the viral genetic distances of these cluster members
are small, indicating they may have been infected from a closely related source in an
overlapping time period (Hassan et al., 2017). Several existing studies have provided greater
insight into HIV transmission routes by comparing phylogenetic clustering with social
clustering generated through social/affiliation network analysis or contact tracing of sexual/
drug-using partners (Chan et al., 2015; Dennis et al., 2013; Fujimoto et al., 2017a; Kostaki et
al., 2018; Lee et al., 2009; Morgan et al., 2017; Smith et al., 2009; Wertheim et al., 2017b).
Our study integrates affiliation network analysis with molecular phylogenetic analysis to
create a powerful methodological tool and uses this tool to identify the social clustering
patterns that may potentiate sexual affiliation networks in relation to HIV transmission
among the YBMSM who reside in Houston, TX, and Chicago, IL.
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DATA AND METHODS

Study design and recruitment

The study data were collected for “iIMAN: integrated Molecular and Affiliation Networks”
project. iIMAN participants consist of sub-samples from a parent study, “YMAP: Young
Men’s Affiliation Project.” YMAP was a longitudinal network study of young MSM in
Houston (A= 378) and Chicago (N = 377) who were recruited between 2014 and 2016,
using a respondent-driven sampling method (Heckathorn, 2002), and who were followed up
on between 2015 and 2017. Eligibility criteria for YMAP participants were: (a) between the
ages of 16 and 29, (b) male sex assigned at birth and current male identification, (c) reported
sex (oral or anal) with another man in the past year, (d) frequented at least one social or
preventive venue in the past year, and (e) willing to provide biological samples (Fujimoto et
al., 2018a). A sample from the iMAN project was collected during the parent YMAP study,
primarily for baseline data collection, with the aim of providing molecular-level validation
of venue-based affiliation networks in relation to HIV transmission among HIV-seropositive
predominantly YBMSM.

iMAN participants consisted of 190 HIV-seropositive younger Black MSM, including multi-
race and regardless of Hispanicity, who participated in the YMAP study (/= 106 for
Houston and A= 84 for Chicago). These included six newly infected YMAP participants at
follow-up and men who have received antiretroviral drugs in the past, regardless of whether
they were antiretroviral drug resistant. Among the 190 iMAN participants, 76 (40%) (V=35
for Houston, and A= 41 for Chicago) did not have HIV sequence data due to lack of plasma
specimens, insufficient viral load, or missing venue affiliation data. Consequently, our final
study sample consisted of 114 HIV-seropositive YBMSM with sequence and survey data (V
=71 for Houston, and N/ = 43 for Chicago). We obtained assent/consent from all iMAN
participants, and parental consent was waived for minors (under 18 years of age). All
participating institutions received approval from the respective institutional review boards
(IRB #HSCSPH120830).

Two-mode venue affiliation data

Social and health affiliation data were collected by asking participants whether they had
attended a list of 76 social/entertainment venues, such as bars/clubs (36 Houston venues and
40 Chicago venues), in the past 12 months. These venue lists were compiled and selected
from formative research as well as through input from community advisory boards for each
city. We constructed a two-mode affiliation matrix, V, with rows that index the first mode of
a set of actors (YBMSM) and columns that index the second mode of a set of venues, with
each entry as recording the actor’s being either affiliated or not with each venue (coded as 1
for affiliation and O otherwise, for each venue type and city). The two-mode matrix, V, was
then projected, yielding two one-mode symmetric valued matrices: (1) an actor-by-actor
projected matrix (VV"), whose off-diagonal entries count the number of venues jointly
affiliated with each pair of actors and whose diagonal entries count the total number of
venues with which each actor is affiliated; and (2) a venue-by-venue projected matrix (V’V),
whose off-diagonal entries count the number of co-occurring actors with each pair of venues
and whose diagonal entries count the total number of actors that occurred at each venue.
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These two projections were used to classify core versus peripheral subgroups of YBMSM
and venues.

Affiliation network analysis

We took a dual-projection approach to estimate the two-mode core-periphery structure
(Everett and Borgatti, 2013) to classify core versus peripheral subgroups of YBMSM and
venues. This model uses the mathematical technique of singular value decomposition
(Trefethen and Bau 111, 1997) to recover the original two-mode matrix, V, from its two
projections (VV’ and V’V) by finding the eigenvalues (i.e., singular values) and eigenvectors
(i.e., singular vectors) associated with both projected matrices to reduce potential loss of
structural data through projections (Boyd et al., 2010; Everett and Borgatti, 2013).

We employed the standard continuous core-periphery model implemented in UCINET 6
(Borgatti and Everett, 1999), as it is well designed to valued symmetric data (Everett and
Borgatti, 2013). In this model, a “coreness” score is computed for each actor as a core/
periphery measure, and the levels of coreness (or closeness to the core of each actor) are
estimated. In our application, the continuous core-periphery model was constructed such that
the strength of venue co-affiliation between two actors is a function of the closeness of each
actor to the core, or, equivalently, the strength of actor co-occurrence between two venues is
a function of the closeness of each venue to the core. We chose correlation as the
concentration measure for both projections (i.e., computing the eigenvectors of VV’ and
V'V separately) based on which optimization procedure was employed to evaluate the
goodness of fit between the data matrix and an ideal core-periphery structure and to
successively refine the model. This procedure generates the recommended partition that
separates the partition of core from the partition of periphery for each projection. These
identified core-periphery partitions were then combined and mapped back onto the original
two-mode data matrix, V, by applying these partitions to the rows and columns of V. The
resulting two-mode master matrix, P, represents a matrix of the two-mode block model of
the original matrix, V.

Table 1 presents a two-mode block model that represents the core-periphery partitions of
YBMSM (row) and venues (column) in a two-mode master matrix, P.

Each two-mode block of A and B represents core YBMSM who affiliate with core venues
(A) and with peripheral venues (B), respectively. Similarly, each two-mode block of C and
D represents peripheral YBMSM who affiliate with core venues (C) and with peripheral
venues (D), respectively. Each two-mode row marginal block of (A + B) and (C + D)
indicates, regardless of the core-periphery status of venues, that these venues were being
affiliated by core YBMSM (A + B) and by peripheral YBMSM (C + D). Each two-mode
column marginal block of (A + C) and (B + D) indicates, regardless of the core versus
peripheral subgroups of YBMSM, that they affiliated with core venues (A + C) and
peripheral venues (B + D).

Each of these two-mode blocks was then projected to construct a corresponding actor-by-
actor valued matrix of AA’, BB, CC’,DD’, (A+B)(A+B)’,(C+D)(C+D)’,(A+C)
(A+C)’,and (B + D) (B + D)’, which is presented in Table 2.
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In each actor-by-actor projected matrix, off-diagonal entries count the number of core and/or
peripheral venues shared by core and/or peripheral YBMSM. We converted the
corresponding valued projected matrix into binary by recording the presence (coded as 1) or
absence (coded as 0) of co-attendance ties based on a threshold of the median number of
shared venues for each pair of actors (minimum = 1). These resulting binarized co-
attendance matrices were defined as core-periphery social clustering matrices and were used
to statistically assess the association with an actor-by-actor phylogenetic matrix, G, that is
described below.

HIV sequence data and phylogenetic analysis

Phylogenetics is the basic method for reconstructing within- or inter-species viral genealogy
and estimating transmission history based on analysis of DNA or protein sequences
(Crandall, 1995; Yokoyama and Gojobori, 1987). Molecular phylogenetics uses nucleotide
or amino acid sequences to infer viral genealogy. With the early identification of HIV, it
became evident that high genetic diversity provides a hallmark of the virus. Phylogenetic
analysis has been applied to investigate epidemiological linkage among people to
characterize HIV genetic heterogeneity (i.e.; classification into groups, genotypes,
subgenotypes, recombinant forms; (Foley et al., 2016), for investigating the patterns of HIV
dispersal across or within different geographic areas, exploring associations between genetic
diversity biological properties, and determining clinical characteristics or associations
between transmission links and social network-based ties among individuals (Han et al.,
2020; Kostaki et al., 2018; Wertheim et al., 2017a).

In our study, HIV sequences were determined through reverse transcription polymerase
chain reaction (RT-PCR). HIV RNA was isolated from 0.5 mL of plasma samples. RNA was
reverse transcribed to single copy DNA (cDNA). DNA sequences were then aligned in
MEGA v7. Patterns of HIV phylogenetic clustering among the study population were
investigated by phylogenetic analysis performed on the 122 sequences, along with a random
set of subtype B sequences available on the public HIV sequence database (A= 2,258) as a
reference. A set of the sequences most closely related to the study population also was
included as a reference. Phylogenetic trees were inferred, using the maximum-likelihood
method with bootstrap evaluation, as implemented in RAXML v8.0.20 (Stamatakis, 2014),
using the GTR model and gamma (I") distribution. A more detailed description of the HIV
sequencing procedures and phylogenetic analysis is provided in the online supplemental
material.

Constructing the phylogenetic matrix.—HIV sequences from the study population
were defined as “clustered” if they fulfilled two criteria: (a) fell within highly supported
clusters that receive >75% bootstrap support (phylogenetic criterion) and (b) consisted of
sequences from only the study population. Our criteria for clustering were based on a
combination of phylogenetic and geographic criteria, rather than a genetic distance
threshold, as we were interested not only in those with direct links but also in all sets of HIV
sequences aggregated in a nonrandom manner linked to their epidemiology (Hassan et al.,
2017). Based on these criteria, we constructed a binary actor-by-actor phylogenetic matrix,
G, whose off-diagonal entries record the presence (coded as 1) or absence (coded as 0) of a
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phylogenetic link between each pair of actors. The presence of a phylogenetic link indicates
that the pair of actors share similar HIV strains and, thus, they are likely to have a common
transmission network or closely related source of HIV infection. A more detailed description
of the HIV sequencing procedures is provided in the online supplemental material.

Visualization of core-periphery social and phylogenetic clustering

We visualized core-periphery social clustering patterns that are mapped onto phylogenetic
links, using NetworkX in Python (Hagberg et al., 2005).

Assessment of similarity of social and phylogenetic clustering

RESULTS

We assessed the similarity of ties based on a phylogenetic matrix (G) with each type of
blocked core-periphery social clustering matrices by computing the Jaccard similarity
coefficient and Hamming distance. The Jaccard coefficient has been employed to measure
network stability (Snijders et al., 2010) and to measure the association between the one-
mode and the two-mode networks (Fujimoto et al., 2018b) in actor-based models for
network dynamics. The Jaccard similarity coefficient is defined as the following:

. Ni1
Noi+Nio+ N1y’

where N is the number of ties present at both the social clustering and phylogenetic
matrices, Ap; is the number of ties present at only the social clustering matrix, and A is the
number of ties present at only the phylogenetic matrix. As a sensitivity analysis, we
computed the Jaccard similarity coefficient using two different thresholds: the first quartile
(@2) and the third quartile (Q.3) of the numbers of shared venues, and the second quartile (or
the median) threshold number (Q2) which is described above. As an alternative to the
Jaccard similarity coefficient, we computed the Hamming distance by counting the number
of cell entries for one matrix that would need to be changed to make it identical to the other
matrix. We statistically tested these similarities based on quadratic assignment procedures

(QAP).

We also took a regression approach to modeling a phylogenetic clustering matrix by
employing the double semi-partialing MR-QAP procedure (Dekker et al., 2007) and the
QAP logistic regression model (LR-QAP). The latter model is more appropriate for fitting a
binary phylogenetic clustering matrix than is the former one (i.e., a linear probability model
on a binary dependent network). For these models, we selected multiple types of core-
periphery social clustering as independent matrices based on the significant results of the
Jaccard coefficients and the Hamming distance. We conducted both univariate and
multivariate analyses by regressing a phylogenetic clustering matrix on these social
clustering matrices. All analyses were conducted using UCINET 6.

Sample characteristics

Table 3 presents the distributions of our study samples.
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A majority of individuals identified as gay (86%) experienced housing instability in the past
12 months (71%) and had an HIV viral load >10,000 copies/ml (72%). We employed HIV
viral load as an indicator of HIV activity and used a clinically relevant cutoff level of 10,000
copies/ml to capture the increased level of transmissibility (Quinn et al., 2000). Included
individuals were 24 years of age, on average; had an average of four sex partners during the
past six months; and attended an average of five social venues in the past 12 months. There
was no statistically significant difference in these variables between the Houston and
Chicago samples.

Affiliation network analysis

Table 4 presents the descriptive statistics of the coreness scores and concentration measure
(correlation) from the continuous core-periphery model based on the two projections for
each city. As we noted previously, the first projection matrix records the strength of venue
co-affiliation between two YBMSM (VV’). The second projection matrix records the
strength of YBMSM co-occurrence between two venues (V’V).

For Houston, among 71 YBMSM (VV’), the mean coreness score was 0.10 (SD = 0.07, min
=0, max=0.27). We identified 38 core subgroups of YBMSM (density = 0.27) with a
concentration score of 0.84 and 33 periphery subgroups of YBMSM (density = 0.02).
Among 36 venues (V’V), the mean coreness score was 0.11 (SD = 0.13, min= 0, max=
0.50). We identified nine core venues (density = 0.35) with a concentration score of 0.86 and
27 periphery venues (density = 0.01). A majority of core venues were bars, dance clubs,
raves, or circuit parties (90%). Similarly, a majority of peripheral venues were bars, dance
clubs, raves, or circuit parties (74%), but these venues included sex-related establishments
(11%) and other venues related to retail business (11%).

For Chicago, among 43 YBMSM (VV?), the mean coreness score was 0.12 (SD = 0.09, min
=0, max=0.39). We identified 12 core subgroups of YBMSM (density = 0.42) with a
concentration score of 0.83 and 31 periphery subgroups of YBMSM (density = 0.05).
Among 40 venues (V’V), the mean coreness score was 0.12 (SD = 0.10, min= 0, max=
0.32). We identified 20 core venues (density = 0.33) with a concentration score of 0.88 and
20 periphery venues (density = 0.01). The core venues consisted of bars and dance clubs
(60%) and public cruising venues, such as parks and beaches (25%), while a majority of
peripheral venues were bars, dance clubs, raves, or circuit parties (95%).

Based on the results from the core-peripheral partitions/subgroups of YBMSM and venues
(i.e., two-mode block matrices) that constitute a two-mode master matrix P (refer to Table 1)
for Houston, core venues were attended, on average, by 21 members of the core YBMSM
subgroup (i.e., two-mode block of A) that represents high variance (SD = 9.79; min= 12,
max = 38). These core venues were attended, on average, by four members of the peripheral
YBMSM subgroup (i.e., two-mode block of C; SD=3.77; min= 0, max = 10). Peripheral
venues were attended, on average, by three members of the core YBMSM subgroup (i.e.,
two-mode block of B) (SD = 2.76; min= 0, max= 10) and one member of the peripheral
YBMSM subgroup (i.e., two-mode block of D; mean= 0.6, SD=1.08; min=0, max=15).
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For Chicago, core venues were attended, on average, by seven members of the core
YBMSM subgroup (i.e., two-mode block of A) (SD = 1.90; min= 4, max = 11) and five
members of the peripheral YBMSM subgroup (i.e., two-mode block of C) (SD = 3.80; min
=0, max = 13). Peripheral venues were attended, on average, by few members of the core
YBMSM subgroup (i.e., two-mode block of B) (mean= 0.9, SD=1.29; min=0, max=5)
and few members of the peripheral YBMSM subgroup (i.e., two-mode block of D) (mean =
0.9, SD=1.23; min=0, max=4).

In regard to the results from an actor-by-actor projected valued matrix that corresponds to
each two-mode block matrix based on a two-mode block matrix P (Table 2) for Houston,
members of the core YBMSM subgroup co-attended a median of three core venues (AA’), a
median of 0 peripheral venues (BB’), and a median of three combined core and peripheral
venues ((A + B) (A + B)’). Members of the peripheral YBMSM subgroup co-attended a
median of 0 core venues (CC’), a median of 0 peripheral venues (DD’), and a median of 0
combined core and peripheral venues ((C + D) (C + D)’). Combined core and peripheral
YBMSM subgroups affiliated with a median of 1 core venue ((A+C) (A +C)’)and a
median of 0 peripheral venues ((B + D) (B + D)’).

For Chicago, members of the core YBMSM subgroup co-attended a median of seven core
venues (AA’), a median of 0 peripheral venues (BB”), and a median of seven combined core
and peripheral venues ((A + B) (A + B)”). Members of the peripheral YBMSM subgroup co-
attended a median of O core venues (CC’), a median of 0 peripheral venues (DD”), and a
median of 0 combined core and peripheral venues ((C + D) (C + D)’). Combined core and
peripheral YBMSM subgroups affiliated with a median of one core venue ((A + C) (A +
C)’) and a median of O peripheral venues ((B + D) (B + D)’).

Phylogenetic analysis

Houston.—We identified 12 phylogenetic clusters, consisting of nine dyads (two
sequences) and three triads (three sequences). In relation to the results from the core-
periphery analysis, 15 members of the core YBMSM subgroups and 12 members of the
peripheral YBMSM subgroups belonged to one of these phylogenetic clusters.

Chicago.—We identified six phylogenetic clusters, consisting of three dyads, one triad, one
tetrad, and one pentad. In relation to the results from the core-periphery analysis, four
members of the core YBMSM subgroups and 14 members of the peripheral YBMSM
subgroups belonged to one of these phylogenetic clusters.

Visualizing social and phylogenetic clustering patterns

Figure 1 presents a visualization of the affiliation networks between YBMSM and venues by
core-versus-periphery subgroups of YBMSM and venues (red for core and blue for
periphery) in relation to the phylogenetic connections (purple ties). In this graph, affiliation
ties that connect members of phylogenetic clusters are indicated by bold lines (bold orange
ties to core venues, and bold blue ties to peripheral venues).
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Houston.—A majority of phylogenetic clusters (seven out of 12 clusters) consisted of
within-cluster members with a mixture of core and peripheral subgroups, representing
disassortative mixing in the degree of co-attendance at any venues with their peers. In these
mixed clusters, member(s) of the core subgroup tended to affiliate with both core and
periphery venues and were phylogenetically connected to the member(s) of the periphery
subgroup who attended only a few marginal venues or no venues.

Chicago.—A majority (four out of six) of phylogenetic clusters consisted of within-cluster
members of either core or periphery subgroups, representing assortative mixing in the degree
of co-attendance at any venues with their peers. Phylogenetic clusters that consisted only of
members of the periphery subgroup tended to affiliate primarily with core venues. In
phylogenetic clusters whose members were all core subgroups (one dyad) or a mixture of
core and peripheral subgroups (one dyad and one tetrad), all members of the core subgroup
attended core venues exclusively, with the exception of one member in a tetrad, who
affiliated with both core and peripheral venues.

Testing associations between social clustering and phylogenetic clustering

The following results were based on each of the block matrices of the binarized actor-by-
actor projected core-periphery social clustering (Table 2) and the corresponding blocks of a
binary actor-by-actor phylogenetic matrix G, which are described above.

Network similarity measures.—In Houston, the tie profiles of the two social clustering
matrices (A + C) (A + C)’ and (B + D) (B + D)’ showed significant similarities to those of
the corresponding phylogenetic clustering matrices. More specifically, phylogenetic
connections were significantly associated with having shared attendance of at least one core
venues (Jaccard coefficient= 0.01, p < 0.05 and Hamming distance = 0.59, p < 0.01) with a
threshold of 1 for (A + C) (A + C)’ and as having shared attendance of at least one periphery
venue (Jaccard coefficient = 0.02, p < 0.05 and Hamming distance = 0.09, p < 0.05) with a
threshold of 1 for (B + D) (B + D)’). In Chicago, the results of the Jaccard similarity
coefficients and the Hamming distance indicate a non-significant similarity between the two
tie profiles of the phylogenetics and any of the social clustering block matrices.

Sensitivity analysis using different threshold values.—In Houston, for (A + C) (A
+ C)’, the first quartile (Q1 = 0) was set to the minimum threshold number of 1 that is
identical with the afore-mentioned finding from the median threshold number (Q2= 1). For
the third quartile (Q3= 2), the Jaccard coefficient was not significant. However, when we
restrict to the social clustering matrix of AA’ (i.e., core YBMSM connecting to other core
YBMSM via jointly affiliating with core venues) using the threshold number of Q3= 2
based on (A + C) (A + C)’, the result became significant (Jaccard coefficient=0.01; p <
0.05). The equivalent sensitivity analysis for (B + D) (B + D)’ was not conducted, as all
quartiles were zero (Q1 = Q2 = @3 = 0) that are identical with the afore-mentioned finding
from the median threshold number.

Regression analysis.—In Houston, for both MR-QAP and LR-QAP, the univariate
model including each (A + C) (A + C)’ and (B + D) (B + D)’ social clustering block matrix
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respectively indicated significant association with phylogenetic clustering. The MR-QAP
coefficients were 0.01 (p < 0.05) for (A + C) (A + C)’, and 0.02 (0 < 0.05) for (B + D) (B +
D)’. The LR-QAP coefficients were 1.71 (p < 0.05) for (A + C) (A + C)” and 1.45 (p< 0.05)
for (B + D) (B + D). Then, we fit multivariate models with including the (A + C) (A + CY)’
block first, and then adding the (B + D) (B + D)’ block matrix to this univariate model. The
result indicates that the coefficient for (A + C) (A + C)” was 0.01 (p < 0.05) for the MR-
QAP, and 1.57 (p < 0.05) for the LR-QAP. For (B + D) (B + D)’, the coefficient was 0.02 (o
< 0.05) for the MR-QAP and 1.21 (p < 0.05) for the LR-QAP.

DISCUSSION

The social lives of YBMSM are spatially organized by the social and structural inequities
that surround these individuals, which may shape their venue-affiliation patterns and
potentiate dense sexual networks and may increase HIV vulnerability and acquisition. From
the perspective of the social determinants of health, intersectional stigma is inextricably
linked to structural inequities and social risks through a venue-affiliation network. YBMSM
occupy multiple and intersecting stigmatized identities related to race, sexuality,
socioeconomic status, and cultural expectations that reflect the macro-level social-structural
inequities that they experience (Fields et al., 2016). These intersectional forms of stigma
may shape social risks (e.g., being arrested or being discriminated against due to sexuality or
low socioeconomic status) when YBMSM engage in sexual relationships at certain venues.
These risks influence their decisions about where to seek sex partners (Parker et al., 2017)
and where they should avoid congregating (Fujimoto et al., 2020). Consequently, social
venues serve as a place where YBMSM are connected to sexual network members and
which may increase their vulnerability to HIV.

Our study indicates that the two-mode core-periphery problem could be framed through the
notions of intersectional stigma, social risk, and the social production of space (Parker et al.,
2017). We posit that social venues serve as common points that may potentiate HIV
transmission (or multiple anonymous contacts that lead to transmission), and we identified
social clustering patterns that are associated with sexual affiliation networks in relation to
HIV transmission. Further, our study examined whether individuals who were socially
connected through (a) affiliation with the same popular/core venues with greater overlap of
YBMSM or (b) affiliation with marginal/peripheral venues with little to no overlap of
YBMSM, which was associated with sharing similar phylogenetics or genetic markers of
HIV viral strains.

In Houston, our findings indicated that sexual affiliation networks were potentiated through
affiliation with a cohesive subgroup of popular social venues or through affiliation with
loosely connected clusters of marginal social venues in Houston. Such sexual affiliation
networks may comprise of a mixture of core and peripheral subgroups of YBMSM. Our
findings are consistent with previous studies that reported core-periphery venue-clustering
patterns in relation to HIV infection (Brantley et al., 2017; Oster et al., 2013). Further, our
results indicate that these sexual affiliation networks are potentiated through affiliating with
a cohesive subgroup of popular social venues with higher density (based on our sensitivity
analysis) by the members of core subgroups of YBMSM.
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In Chicago, however, our findings indicate that phylogenetic clustering was not significantly
associated with any of the social clustering patterns. These non-significant results, however,
could be partially explained by the sparseness of phylogenetic ties among members of core
subgroups of YBMSM. Our data indicate that only four out of the total 12 members of core
subgroups shared highly similar HIV strains with their peers. Under such low density,
network similarity measures, especially for Hamming distance that treats a joint absence of
ties as similarity, would present little variation among the tie profiles, which may cause
difficulty in discerning network similarity (Hanneman and Riddle, 2005). Despite these non-
significant results, the network visualization (Figure 1) indicates that sexual affiliation
networks might be potentiated primarily among members of core subgroups of YBMSM
with a majority of them (three out of four members) affiliating exclusively with popular
social venues, as well as among members of peripheral subgroups of YBMSM who tend to
affiliate with core social venues.

Our findings indicate strong differences between cities in the composition of members
within the sexual affiliation networks. For Houston, sexual affiliation networks were
characterized by a disassortative mixing pattern with respect to the level of venue co-
attendance with peers. As such, there is a tendency for core subgroup members to affiliate
with both core and peripheral venues and for peripheral subgroup members to affiliate with
very few or no venues. In Chicago, in contrast, sexual affiliation networks were
characterized by an assortative mixing pattern; i.e., they consist of members from either core
or peripheral subgroups, and there is a tendency for both core and peripheral subgroup
members to affiliate primarily with core venues.

These results may indicate potential differences in venue affiliation patterns in relation to the
ongoing HIV transmission between the two cities. In Houston, core and peripheral venues
serve equally as common points of potential HIV transmission possibly via sexual affiliation
networks. In this scenario, these members could then bridge HIV to others who have low
levels of co-attendance with peers or outside of venue settings. In Chicago, in contrast, core
venues may have a potential for playing an important role in connecting anonymous,
multiple contacts that potentiate sexual affiliation networks where HIV transmission could
be confined based upon crude visualization.

These differences between cities could be partially explained by the selection of social
venues in each city. For both cities, core and peripheral venues are represented mainly by
venues that are associated with alcohol (e.g., bars, dance clubs) or a party-type environment
(e.g., raves, circuit parties). Chicago’s core venues, however, also include public cruising
spots, such as parks and beaches, for finding sex partners, which Houston’s core venues do
not include. This difference may contribute to differences in HIV transmission in these two
cities, but future research to examine the role that specific venue types play in transmitting
disease is needed.

The differences between Houston and Chicago also could be explained by the geographic
concentration patterns among these venues (Fujimoto et al., 2017b) and certain

environmental or cultural factors that surround local MSM communities (Fujimoto et al.,
2020) that may contribute to the local dynamics of venue affiliation patterns. In Houston,

Soc Networks. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fujimoto et al.

Page 14

social venues are geographically concentrated within a gay enclave area (i.e., Montrose)
with high HIV prevalence rates and with more racially/ethnically diverse YMSM. This may
encourage YBMSM to affiliate with both popular and marginal venues, and, once their
sexual affiliation networks are formed or maintained, their memberships then expand to
others outside of the venue settings. Future research that investigates social mechanisms
using longitudinal data is warranted.

In Chicago, by contrast, social venues are concentrated not only in major areas of a gay
enclave on the north side of the city (i.e., Boystown) but also in other areas of the mid-east
side of the central business district (i.e., the Loop). The city also has small pockets of
concentration on the south side, with high and middle levels of HIV prevalence rates. These
citywide segregations of gay enclaves reflect the longstanding racism among MSM and
institutional racism, leading to a potentially more independent YBMSM community. This
sociocultural environment may influence YBMSM'’s decision to avoid certain venues in a
main gay enclave (Fujimoto et al., 2020) as well as their decision to attend popular gay
venues within their own community that are frequented mainly by members of racial/ethnic
minority groups, where same-sex sexual relationships are supported and venue-related risks
are perceived to be low (Parker et al., 2017).

MSM who are living with HIV tend to be clustered tightly in a geographic space, and
neighborhoods affect sexual expression, racial/ethnic identity, and health outcomes (Egan et
al., 2011). Our study suggests that co-attendance with popular venues in Houston, in
particular, is a robust social clustering pattern that is associated with the putative HIV
phylogenetic clustering pattern. This indicates that sexual affiliation networks are organized
around these popular venues, and co-attendance of these venues may be contingent on local
characteristics in the MSM community.

Our study, iMAN, has multiple strengths. First, IMAN synthesized affiliation network
analysis with HIV phylogenetic analysis, which allows for the assessment of how much of
the ongoing transmission is associated with venue-based social clustering patterns, and is
validated with biological/molecular support. Our refined analysis goes beyond a previous
study that explored overlaps between genetic and social clusters, in which social venues are
defined in general classifications, such as “sauna’ and “internet” (Lee et al., 2009).

Second, our study shifted the analytic focus from one-mode social/sexual networks formed
by direct contacts to the extended boundary of venue affiliation networks through which
contacts with unnamed or unknown partners can be connected. Affiliation data have been
found to be more robust to sampling biases when compared to data based on the sampling of
direct sexual contact tracing (Frost, 2007). As such, these affiliation networks offer more
reliable data to approximate sexual networks. To illustrate this, our supplemental analysis
showed that phylogenetic links for Houston participants overlapped with only two one-mode
direct social ties (11%) in the main network component that was identified in social
networks of combined peer referral, social and sexual ties. Further, some of the non-
overlapped phylogenetic links connected three separate components into the main
component. In contrast, for Chicago participants, there was no overlap of phylogenetic links
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with one-mode social ties, and none of the non-overlapped phylogenetic links connect any
components to the main component.

Third, as a methodological strength, our study employed the dual-projection approach, as
compared to the alternative direct approach (Borgatti and Everett, 1997; Borgatti and Halgin,
2011), to model a two-mode core-periphery structure (Everett and Borgatti, 2013) that
provides insight into the social mechanisms that generate core-periphery social clustering
patterns. This direct approach considers all venues (or all YBMSM) to have equal weight
when evaluating whether YBMSM (or venues) are in the core or periphery subgroup and
does not consider the popularity of venues that attract more YBMSM (indicated by high co-
occurrence of YBMSM) when determining the core subgroup of YBMSM.

There are several limitations of this study. First, due to the cross-sectional nature of our data,
our study was limited to assessing association, not causality, and did not empirically identify
transmission pathways. Second, due primarily to a lack of sufficient biological specimens or
an insufficient viral load, it may be that selection bias occurred. Specifically, our samples
came from participants who were not being treated for HIV (if they were being treated, their
viral load should be near zero, assuming that they do not have a drug-resistant type). This
potential limitation, however, could increase the significance of our study, as those with a
high viral load are more contagious. Further, iMAN, as a community-based sample, does not
rely on patients who are seeking clinical care, which comprises the majority of phylogenetic
analyses in the U.S. Thus, our results are expected to better inform social clustering patterns
associated with ongoing HIV transmission.

Third, our study may suffer from a lack of generalizability to other urban U.S. contexts,
considering the differences in particular political, cultural, and historical factors that
surround different regions of the U.S. that may result in different patterns of venue networks
in gay communities (Fujimoto et al., 2017b; Fujimoto et al., 2017d). We studied only
Houston and Chicago, and, as such, there may be innate differences in these cities and
regions as compared to others that could contribute to the research findings. Nevertheless,
our results may provide a roadmap for applications to other northern and southern urban
areas at the national level. For instance, our results from Chicago could be applicable to
other larger, segregated Midwest cities, while the ones from Houston could apply to other
large Southern cities. With the advancement of graph-based deep learning methodologies
and the utilities that apply these methods to social network research related to HIV and
MSM populations (Xiang et al., 2021; Xiang et al., 2019), there is a great potential for our
data to be integrated with transfer learning techniques (Devlin et al., 2018; Ganin and
Lempitsky, 2015). Such techniques enable the re-use of a pre-trained model for other cities
(i.e., as an extended task), providing a data science approach to generalize knowledge to
different settings.

Despite the limitations of our study, its interdisciplinary nature enabled us to chart new
territory in terms of accounting for underlying social determinants of HIV transmission. The
results of this study provide new directions for developing and implementing venue-based
network interventions that are informed by molecular and network science. Our findings aid
in focusing interventions in and around social venues for those most at risk for HIV specific
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to each city. Interventions may include contact tracing, information dissemination, HIV
testing, and/or pre-exposure prophylaxis, or PrEP (a daily pill that prevents HIV acquisition
among people who are HIV-negative).

Our study suggests that effective implementation strategies would involve targeting major
social venues in Houston gay enclaves as well as less-established venues with a combination
of network-based interventions. These network-based interventions may require working
through networks of individuals rather than through venues, given the unique venue-
affiliation structure. An effective solution to better reach this community in Houston may be
through peer-driven approaches, such as the use of a social network strategy (CDC, 2020b)
or induction interventions (Valente, 2012), whereby peers identify people in their social
network for HIV prevention interventions.

An additional approach may be an alteration intervention, whereby the network itself is
modified (Valente, 2012). Alteration could occur through the introduction of a drop-in center
that partners with specific social venues to provide HIV prevention services. This could
serve two complementary purposes. First, it could alter the pattern of venue affiliation,
which, in turn, could restructure the patterns of sexual affiliation networks to include more
users of prevention services. Second, it could increase network proximity of specific venues
that partner with the drop-in center and, thus, drive more contacts with these venues. Such
specificity in focus will be important as we continue to move incidence downward in ending
the HIV epidemic.

To continue harnessing insights from phylogenetic approaches, it is imperative to consider
ethical issues around the use of molecular data collected through research and public health
surveillance. A growing number of molecular epidemiological studies have identified and
characterized emerging local transmission clusters in the U.S. metropolitan areas using
molecular surveillance data (Fujimoto et al., 2021; Guilamo-Ramos et al., 2020; Ragonnet-
Cronin et al., 2021). Although these studies reported the notable vulnerability of racial/
ethnic minority populations to HIV viral transmission dynamics, there are growing concerns
among researchers and community stakeholders. These concerns include the possibility of
further stigmatization of communities or unintended identification of individuals (Mehta et
al., 2019).

Perhaps the most frequently cited forewarning is that data may be used to support HIV
criminalization or immigration penalties, and/or that surveillance data are re-purposed from
clinical to surveillance or research uses without explicit consent (Molldrem & Smith, 2020).
Current methods of HIV phylogenetic analysis cannot establish the directionality of
transmission between network members within putatively identified (Rose et al., 2019).
Nonetheless, there is still unease that next-generation sequencing will allow researchers to
correctly identify the direction of transmission between individuals (Zhang et al., 2021),
which could then increase the risks of criminalization or violations of privacy (Mehta,
Schairer, & Little, 2019).

Data gathered as part of research are protected by certificates of confidentiality (Dawson et
al., 2020), however, surveillance data remain vulnerable to state and local statutes or
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regulations governing release (NASTAD, 2018). For our proposed integrated molecular and
affiliation network methodologies to provide conceptual enrichment in our scientific
knowledge of racial/ethnic disparity in HIV infection and network science, we must
emphasize the need and importance of a surveillance-research-community partnership to
address such ethical issues. Only then, can we improve the health of communities most
impacted and effectively move towards the shared goal of HIV elimination.
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Highlights

. Affiliation networks are integrated with molecular data to examine HIV
transmission.

. Core-peripheral structure in venue affiliation is associated with HIV
transmission.

. Popular social venues potentiate sexual affiliation network of minority young
MSM.

. Molecular and affiliation network approach informs effective network
interventions.

. A surveillance-research-community partnership is important to address ethical

issues.
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® Core YBMSM == Affiliation tie from phylogenetic cluster member to core venue
® Peripheral YBMSM Affiliation tie from phylogenetic non-cluster member to core venue
A Corevenue == Affiliation tie from phylogenetic cluster member to peripheral venue
A Peripheral venue = Affiliation tie from non-cluster phylogenetic member to peripheral venue

=== Phylogenetic connection

Figure 1. Affiliation networks between YBMSM and venues by core versus peripheral subgroups
of YBMSM and venues in relation to phylogenetic connections.

Note: Affiliation ties that connect members of phylogenetic clusters are indicated by a bold
line.
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Core-peripheral partitions/subgroups of YBMSM (row) and venues (column) in a two-mode master matrix, P.

Venues
Core | Periphery
YBMSM Core A B A+B
Periphery C D C+D
A+C B+D
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Actor-by-actor projected valued matrix based on a two-mode block matrix, P

Table 2.

Venues
Core Periphery
YBMSM |  Core AA’ BB’ (A+B)(A+BY
Periphery cc DD’ (C+D)(C+Dy

(A+C)(A+C) | B+D)(B+D)
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Descriptive statistics: frequency (%) and mean (SD; mix, max) of iMAN sample, Houston (/= 71) and

Table 3.

Chicago (V= 43), 2014-2016.

Variable

Total (N = 114)

Houston (N =71)

Chicago (N =43)

Age (in years)

24.2 (2.8, 19.3, 29.9)

24.4(2.5;19.3, 29.9)

24.0 (2.8; 19.3, 29.9)

Sexual identity

Gay-identified 96 (85.7%) 60 (85.7%) 36 (85.7%)
Bisexual 12 (10.7%) 7 (10.0%) 5 (11.9%)
Straight 1 (0.9%) 1 (1.4%) 0 (0%)
Other 3 (2.7%) 2 (2.9%) 1 (2.4%)
Education
High school or less 55 (49.1%) 35 (50.0%) 22 52.4%)
More than high school 57 (50.9%) 35 (50.0%) 20 (47.6%)
Past 12-month housing instability 33 (29.5%) 18 (25.7%) 15 (35.7%)
Number of sex partners during past 6 months 4.4 (7.3; 0, 60) 4.4 (7.6; 0, 60) 4.2 (6.8; 0, 40)
Viral load level
<400, suppressed 4 (3.9%) 4 (6.2%) 0 (0.0%)
400-9,999 25 (24.3%) 17 (26.7%) 8 (21.1%)
10,000-49,999 49 (47.6%) 31 (47.7%) 18 (47.4%)
50,000+ 25 (24.3%) 13 (20.0%) 12 (31.6%)
Number of social venues attended 5.3(4.7;0, 24) 4.4 (4.1; 0, 20) 6.6 (5.4, 0, 24)
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Note: Missing values include two for sexual identity, education, housing instability, number of sex partners, and 11 for viral load level. Percentage
computation excludes missing values.
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Descriptive statistics: average coreness scores (SD; min, max) and concentration scores (correlation) from
continuous core-periphery model of iMAN sample, Houston (/= 71) and Chicago (V= 43), 2014-2016.

Houston

Chicago

Variable

YBMSM (VV’)

Venues (V’V)

YBMSM (VV’)

Venues (V’V)

Sample size

71

36

43

40

Average coreness score

0.10 (0.07; 0, 0.27)

0.11 (0.13; 0, 0.50)

0.12 (0.09; 0, 0.39)

0.12 (0.10; 0, 0.32)

Core size 38 9 12 20
Core density 0.27 0.35 0.42 0.33
Concentration score 0.84 0.86 0.83 0.88
Periphery size 33 27 31 20
Periphery density 0.02 0.01 0.05 0.01

Soc Networks. Author manuscript; available in PMC 2023 January 01.



	Abstract
	INTRODUCTION
	Social venues as foci to potentiate sexual affiliation networks
	Social clustering-based core-periphery structure
	Two-mode core-periphery social clustering patterns
	HIV phylogenetic clustering as a proxy for sexual affiliation networks

	DATA AND METHODS
	Study design and recruitment
	Two-mode venue affiliation data
	Affiliation network analysis
	HIV sequence data and phylogenetic analysis
	Constructing the phylogenetic matrix.

	Visualization of core-periphery social and phylogenetic clustering
	Assessment of similarity of social and phylogenetic clustering

	RESULTS
	Sample characteristics
	Affiliation network analysis
	Phylogenetic analysis
	Houston.
	Chicago.

	Visualizing social and phylogenetic clustering patterns
	Houston.
	Chicago.

	Testing associations between social clustering and phylogenetic clustering
	Network similarity measures.
	Sensitivity analysis using different threshold values.
	Regression analysis.


	DISCUSSION
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

