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Sex work increases the risk of contracting and
transmitting HIV and other sexually transmit-
ted infections through unprotected sexual be-
haviors or substance use.1 Male sex workers
(MSWs) experience high rates of HIV infection,
both globally and domestically.2---4 In North
America, HIV prevalence among MSWs is
estimated to range from 5% to 31%.4 MSWs
have high rates of risky sexual behavior and
substance use, including drug injection.5---7

However, public health issues related to MSWs
have been understudied, and current HIV
prevention programs underserve MSWs.4

MSWs are not homogeneous nor are the
contexts of male sex work uniform.4,8 Because
male sex work takes diverse forms in a variety
of contexts,8,9 HIV risks may also vary by
context. MSWs who solicit sex on the streets are
at high risk for HIV infection, and the context
of the street may increase the risk. MSWs
working in street venues are more likely to have
few financial resources, be undereducated, live
in unstable housing or on the streets, be un-
employed or disabled, and engage in sex work
as a means of survival.8 Numerous MSWs and
their clients self-identify as heterosexual.10 Men
who have sex with men and women (MSMW)
have higher rates of both transactional sex and
concurrent illicit drug use and sex than do men
who have sex with men only, and, among
MSMW, both transactional sex and concurrent
illicit drug use predict risky sexual behavior.11

Although sociodemographic characteristics,
HIV infection, and risk behaviors of MSWs
have been documented,12,13 relatively few
studies have provided a relational account of
HIV risk within male sex work networks. It is
known, for example, that networks of MSWs
are connected to networks of other high-risk
groups.2,8,10,14,15 Through these network ties,
MSWs may bridge with men who have sex with
men (MSM), female sex workers, drug users,

and other less risky groups.2,16 MSMW are

more likely to engage in sex for drugs or money

than are other MSM, and MSMW occupy a

central position in the network of HIV-infected

males.17 However, because of the diversity of

male sex work, it may be inappropriate to

conceptualize MSWs as a core group.18

Social networks are the structures within
which norms are developed and implemented

and social support occurs.19,20 Most risk-potential

linkages within networks are social,20 and sex

ties are often formed through social circles.21

MSWs form unique social networks,9,22 most

likely involving risky drug-use and sexual be-

haviors. The networks are often hierarchical

structures in which network leaders control

areas for soliciting sex, and the network struc-

ture provides mutual support for soliciting sex.9

Rarely do studies on HIV risk networks that
involve MSWs regard the network as composed

of “persons, places, and the relevant links con-

necting them.”23(p684) Social venues are an

important part of the network structure, forming
the setting for MSWs’ social life and facilitating

the formation of “sexual affiliation networks.”24

Our previous study25 underscored the duality
of people and places26 by focusing on affiliation

networks between MSWs and social venues.
We found centralized affiliation patterns

around a small number of highly interdependent
venues. Although interdependent, the venues
presented distinct patterns of venue-based clus-

tering.25 These findings, however, were limited
because the study focused on venue affiliation.

Non---venue-based direct ties also may be im-
portant because they are expected to occur
within social, drug-using, and sexual relation-

ships. These types of relationships may have
different emotional and interpersonal contexts27

that would tend to result in different patterns
and types of ties.

We defined a multiplex transmission risk
network as composed of multifaceted social
contexts that comprise a mix of social, sexual,
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and drug-using ties and affiliation ties to social
venues. The social network perspective informs
relational mechanisms of information diffusion
and social influence at the entire network and
personal network levels. Granovettor’s theory of
the strength of weak ties posits, “The weak tie
between ego and his acquaintance, therefore,
becomes not merely a trivial acquaintance tie
but rather a crucial bridge between the two
densely knit clumps of close friends.”28(p202)

Weak ties avoid information redundancy by
enabling individuals to access diverse informa-
tion and to facilitate the diffusion of information
throughout the entire network.29 Although
weak ties facilitate information diffusion, they
may not be sufficiently powerful to change
behavior because of the ties’ transient and
passive nature.

Rarely have network studies focused on the
role that affiliation ties play in forming direct
ties between individuals. We defined venue-
mediated weak or strong ties as 1-mode social,
sexual, and drug-using ties formed through
jointly affiliating in the same venues. We ex-
amined and statistically tested local relational
features of venue-mediated weak or strong ties
among MSWs and their associates. On the basis
of the effect of bar-based social influence in-
terventions led by opinion leaders on HIV risk
reduction,30,31 HIV prevention messages dis-
seminated within venues are expected to facili-
tate the diffusion of information, and, thus, weak
ties are more likely than are strong ties to be
observed linked to social venues.

In personal networks, reciprocated ties sug-
gest higher levels of trust and intimacy and, in
some cases, a strong tendency to engage in risky
behaviors.32 The risk of engaging in behaviors
that transmit HIV are also heightened during
sex for money exchanges, particularly if there is
a strong economic incentive for doing so. This
suggests that risk is related to the multiple types
of ties determined by context. Additionally,
homophily affects network ties by influencing
the information that people receive, the atti-
tudes formed, and the social interactions
experienced.33 We also sought to examine
the tendency of reciprocity and the effect of
homophily on HIV status and sociodemo-
graphic and behavioral factors when forming
risk-potential relationships that comprise so-
cial, sexual, or drug-using ties but are not
linked to social venues. The likelihood of

engaging in risk-taking behavior is greater in
relationships with a high degree of homophily,
as information flows and persuasion tend to
be more frequent among like pairs.32 We
tested these relational features using a sto-
chastic network modeling approach.

METHODS

We collected data between May 2003 and
February 2004 as part of a study of drug-using
MSWnetworks in Houston, Texas. We recruited
participants using a combination of sampling
methods described in greater detail else-
where.34,35 To construct the sample, we
interviewed key informants and asked them to
help contact focal participants. Focal partici-
pants were eligible for the study if they were
a self-identified male aged at least 17 years,
had exchanged sex for money with another
man in the past 7 days, and had smoked crack
cocaine or injected an illicit substance in the
past 48 hours before being screened.

During the interview, we asked focal partic-
ipants to name men and women with whom
they interacted socially or with whom they
used drugs or had sex. We listed those names
and apportioned them into strata that consisted
of sex or drug-use partners, friends, paying sex
partners, and other social contacts. We then
weighted names to give preference to sex and
drug-use contacts. We asked focal participants
to contact network members on the list and
ask them to participate in the study. We used
the same process with network members to
create a list of tertiary network members.
Network members were eligible if they were
aged at least 17 years and linked to the focal or
secondary (referring) participants.

Sample

We interviewed a sample of 334 males
(84%) and 62 females (16%) to collect socio-
demographic, HIV and sexually transmitted
infection history, drug use, and risky sexual
behavior data. In addition to personal data, we
asked respondents about their network con-
tacts’ demographic characteristics, HIV status,
risky sexual behaviors, and relationship with
the contact. We collected data on venue affil-
iation by asking respondents the names of
places or street intersections where they spent
time. We validated intersections using a city

map and then geocoding them. We identified
15 bars and 51 intersections, for a total of 66
venues.

We used data to generate an analytic sample
consisting of 735 dyads in which contacts were
also respondents. This generated 9 isolates
who had no ties to other individuals or no
affiliation with a venue; we dropped these from
the analysis to avoid model divergence. Dyads
were composed of 325 (84%) males and 62
(16%) females and included 28% focal re-
spondents, 36% secondary contacts, and 36%
tertiary contacts.

Measures

Network data. We created social network
data predicated on a directed 1-mode actor-by-
actor adjacency matrix, for which we defined
a tie on the basis of any nominations of social,
sexual, or drug-use contacts. We defined weak
ties as any asymmetric ties between individuals
that ran in unidirection only29 and strong
ties as ties that ran in both directions. We
created affiliation network data grounded on
a 2-mode actor-by-venues matrix (row indexes
had 387 actors and column indexes had 66
venues), in which we defined a tie as having an
affiliation with a specific venue. We combined
1- and 2-mode networks to form the multiplex
network data.
HIV status and risk or protective sexual

behaviors. We measured HIV status by re-
spondents’ self-report of HIV testing or status:
never tested, negative test, positive test, or
indeterminate test. HIV risk sexual behavior
measures included ever having traded sex for
money, the number of paying sex partners, and
the number of nonpaying casual sex partners
during the past 30 days (as a continuous scale).

We measured protective sexual behavior
as frequency of condom use during anal in-
tercourse with paid or casual sex partners in the
past 7 days and defined them as consistent
condom use (i.e., always using a condom).
Socioeconomic and demographic variables.

We coded race/ethnicity as Black, White,
Hispanic, or other. We coded self-identified
homeless as homeless or not homeless. We
coded self-identified sexual orientation as gay,
straight, or bisexual.

We measured age, years of schooling, num-
ber of lifetime arrests, and months of incarcer-
ation as continuous scales. To account for the
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sampling strategy, we created dummy variables
representing the recruitment status of the
sampling design (seeds, secondary contacts, or
tertiary contacts).

Data Analysis

Visualization of multiplex network. We visu-
alized a multiplex HIV transmission risk network
consisting of a 1-mode network and a 2-mode
venue affiliation network to describe the overall
structural pattern in relation to self-reported
HIV status, sex work status, and venue types.

We used NetworkX (GitHub)36 for visu-
alization.
Exponential random graph models. We used

exponential random graph models (ERGMs)
to model the observed network endogenous
structure by taking into account the depen-
dencies among network ties37 as well as the
dependencies between network ties and exog-
enous covariates.38,39 We modeled a 1-mode
network39 with the 2-mode network and var-
ious attributes and measures of the behavior
as covariates. We used results to test how
individuals’ self-reported HIV status, risk and

protective behavior and attributes, and affili-
ated venues affect their partners’ social, sexual,
and drug-use relationships. We examined our
study objectives by statistically testing whether
the graph configurations of a venue-mediated
weak tie effect (Figure 1a) by sex workers
(Figure 1c), venue-mediated strong tie effect
(Figure 1b) by sex workers (Figure 1d), 1-mode
reciprocated tie effect (Figure 1e), and homo-
phily effect (Figure 1f) are more likely to be
observed than expected by chance. We gener-
ated the modeling results using MPNet.40

Reviews and detailed descriptions of the
ERGMs that we applied (model specification,
graph configurations, mathematical expres-
sions, and interpretations) are available as
a supplement to the online version of this
article at http://www.ajph.org.

RESULTS

The demographic and behavioral charac-
teristics of the 387 MSWs and their associates
are shown in Table 1. Among the 735 dyads,
40% of the social ties overlapped with the sex

ties, 80% of the social ties overlapped with the
drug-using ties, and 33% of the social ties
overlapped with both the sex and drug-using
ties. On average, the sample was affiliated with
1 venue (SD=0.90; min = 0; max = 4).

Figure 2 illustrates the multiplex HIV trans-
mission risk network in relation to HIV status,
sex work status, and venue types. Although
these graphs represent overall structural pat-
terns of the multiplex risk network, they are
limited in their ability to identify some distinc-
tive features of the observed network, which
we examined by estimating ERGMs.

Table 2 shows the results of ERGM param-
eter estimates and SEs for the network effects
of the 1-mode network with the 2-mode net-
work and actor attributes and behavior as
exogenous covariates.

Structural Effects of the 1-Mode Network

The social ties in this multiplex 1-mode
network were highly reciprocal, meaning that
individuals tended to exhibit mutual ties running
in both directions. These networks are charac-
terized by a small number of frequently nomi-
nated individuals in the center of a network who
received many more nominations than would
have been expected if it were at random. Four
of the 387 individuals received more than 10
nominations, whereas 240 received 1 or 2
nominations. There also was a tendency for all
network members to receive similar numbers of
partner nominations. Individuals tended to form
closed, but hierarchically structured ties; so
frequently nominated individuals tended to be
located at the top of a triangle configuration.
These individuals also tended not to share
multiple sexual, social, or drug partners unless
they were connected to each other. There are
fewer individuals that were isolated or did not
receive any nominations in the 1-mode network.

Individuals who were HIV positive, Black,
and homeless nominated fewer others, suggest-
ing that they were less active in the network.
Those who were Black, identified as bisexual,
or were sex workers were nominated less fre-
quently than were others in the network. In-
dividuals who consistently used condoms were
nominated more frequently than were others.

Homophily Effects

HIV-positive individuals, Whites, Blacks,
homeless individuals, bisexuals, sex workers,

FIGURE 1—Graph configurations among actors A and B and venue C of (a) venue-mediated

weak tie effect, (b) venue-mediated strong tie effect, (c) venue-mediated weak tie effect

between sex workers, (d) venue-mediated strong tie effect between sex workers, (e) 1-mode

reciprocated tie effect, and (f) 1-mode relational homophily effect: Houston, TX; May 2003–

February 2004.
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and individuals who consistently use condoms
had a tendency to choose sexual, social, and
drug partners with the same attributes and
behaviors as themselves. There also was a ten-
dency to choose others of similar age or
number of casual sex partners.

For continuous attributes, a negative homo-
phily parameter estimate suggests that there was
a tendency for individuals to nominate others
with similar attribute or behavior measures, as

the statistic that represents homophily is defined
on the basis of the differences in attribute values
of pairs of individuals.

By treating unidirectional ties as weak ties
and bidirectional ties as strong ties, individuals
affiliated with the same venue were more likely
to have weak ties. Results also showed that
sex workers were less likely to have recipro-
cated ties to other sex workers. Results of the
recruitment status effect of sampling design

and goodness-of-fit tests are available as a sup-
plement to the online version of this article at
http://www.ajph.org.

DISCUSSION

We took a social network approach to in-
vestigate the structural features that character-
ize a multifaceted HIV transmission risk net-
work of drug-using MSWs and their associates
in the context of social venues and personal
network not linked to venues. We found that
the 1-mode risk network was characterized by
reciprocated relationships, that is, individuals
mutually nominated their social, sexual, or
drug-use partners, which is indicative of close
relationships. Because of this general structural
tendency, individuals were more likely to
choose their sexual, social, or drug partners on
the basis of homophily in HIV-positive status,
age, race/ethnicity, homelessness, bisexual ori-
entation, the number of casual sex partners,
and protective sex behavior. In combination
with venue affiliation, individuals had weak ties
with those from the same venue. Conversely,
there was an absence of reciprocated, or strong,
ties associated with the same venues. This
tendency was especially notable for sex workers
affiliated with the same venues.

One of the distinguishing features of our
study was that we examined venues as part of
the risk network. Findings suggest that the
venues named by drug-using MSWs and their
associates, mostly bars and street corners,
facilitate the formation of weak, but not strong,
ties. The tendency to form weak ties may be
greater, perhaps in part because the venues
where MSWs gather are the same as those
where they solicit paying sex partners. Our
findings also suggest that individuals form
strong ties in their personal networks outside
social venues and choose their social, sexual, or
drug-use partners on the basis of homophily of
ties as determined by disease status and risk
or protective behaviors and characteristics. For
example, HIV-positive men were more likely to
have HIV-positive social, sexual, or drug-use
partners. Men who self-identified as bisexual
were more likely to have bisexual sexual, social,
or drug-use partners.

The finding of homophily of ties supports the
Centers for Disease Control and Prevention’s
supposition that social network strategies for

TABLE 1—Descriptive Statistics of Drug-Using Male Sex Worker (n = 387) Networks:

Houston, TX; May 2003–February 2004

Variable % (No.) or Mean (SD; Min, Max)

HIV status

Positive 20 (79)

Negative 64 (247)

Unknown (including indeterminate) 16 (61)

Gender

Male 84 (325)

Female 16 (62)

Age, y

16–29 40 (155)

30–39 36 (138)

‡ 40 24 (93)

Race/ethnicity

White 47 (183)

Black 43 (168)

Hispanic 8 (31)

Homelessness 49 (188)

Sexual orientation

Gay 32 (122)

Straight 25 (95)

Bisexual 44 (170)

Years of schooling 11.24 (2.15; 4, 19)

Number of cumulative arrests 10.71 (13.72; 0, 90)

Months of incarceration 48.39 (56.02; 0, 300)

Recruitment status

Seeds 28 (107)

Secondary contacts 36 (140)

Tertiary contacts 36 (140)

Ever experienced sex work 75 (292)

Never experienced sex work 25 (95)

No. of paid sex partners 29.22 (38.83; 0, 150)

No. of casual sex partners 6.92 (19.43; 0, 150)

Protective sex

Consistent condom use 21 (80)

Nonconsistent condom use 40 (155)

Note. Number of sex partners refers to the past 30 days; the upper limit was set to 150 to minimize recollection problems.
There were 39% missing cases for the protective sex variable, and 1% for the others category for the race/ethnicity variable.
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HIV testing, prevention, and engagement in
care are important.41,42 Our findings extend
this supposition by suggesting that the ties
within the network of at-risk groups also are
important. For example, peers should not be
considered on the basis of a single identifying
characteristic, such as male sex work. Multiple
characteristics, rather than a single factor such
as race/ethnicity, may identify an individual
as a peer. Developing more sophisticated
models of peers could enhance the utility of
a network-level HIV intervention by resulting
in significant breadth when targeting the com-
mercial sexual and drug networks. Interven-
tions within personal networks should consider

targeting clusters of like individuals while
considering numerous identifying factors.

The structural features of a network may be
integral to successfully disseminating preven-
tion messages and delivering social influence
interventions. The utility of prevention inter-
ventions predicated on venue has been dem-
onstrated by Kelly et al.’s bar-based opinion
leader intervention among gay men31 and
among groups of MSWs.22 However, no study
of the diffusion mechanism of prevention
messages through the opinion leaders inside
venues has been undertaken. Further, although
the potential utilities of HIV prevention and
intervention on the basis of venue have been

suggested in the literature,24,25,43---46 why and
how they would be used is unclear and often
unspecified.

In regard to network-level interventions
employed in public health,47 the weak ties
derived from joint venue affiliations suggest
that venues could be promising settings for
strategically diffusing behavior change mes-
sages. Nevertheless, weak ties are not suffi-
ciently powerful for behavior change, only for
information diffusion. However, if peers are
considered role models, this modeling may
have a positive impact on both perceived
norms and behavior. Our results suggest that
relying on weak ties as a mechanism for the

FIGURE 2—Multiplex HIV transmission risk network among 387 men who have sex with women and their associates in relation to HIV status, sex

work status, and affiliation with social venues: Houston, TX; May 2003–February 2004.
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efficient diffusion of intervention messages
may be more beneficial for some groups than
is focusing on popular opinion leaders.

Limitations

The study has certain limitations. We re-
cruited the sample of drug-using MSWs from
street or bar settings. Considering the diversity
of sex workers, our results may not be gener-
alizable to MSWs in different work circum-
stances; MSWs in differing policing, history, or
norms; or MSWs who work in different geo-
graphical locations.4 Furthermore, we collected
the data from 2003 to 2004. However, it is
very unlikely that the organization of street- or
bar-based sex work may have changed since
we collected the data. It is more likely that
the expansion of digital media has led to the
expansion of sex work venues. However, many
drug-using men who solicit sex in street and
bar settings are unlikely to have the financial
wherewithal to consistently access digital media.
Nonetheless, our results should be interpreted
with caution as applied to digital opportunities
for sex work.

Methodologically, although ERGM analysis
of this study controls for recruitment status
to minimize the effect of sampling design on
structural features, the analysis was still subject
to potential bias or artifacts of the sampling
strategy. We conceptualized the multiplex
1-mode risk network as a mixture of social,
sexual, and drug-using relationships and oper-
ationalized these as the types of ties investi-
gated. Consequently, we were limited in our
ability to explore the relative contributions of
the multiple types of relationships to structur-
ing homophily. Homophily of ties may have
been stronger than the results suggest if we had
investigated more overlapping ties.33

Finally, we did not consider HIV protective
venue affiliation, such as HIV health center or
education centers that provide HIV prevention.46

Future research should examine whether our
findings apply to these different types of venues.

Conclusions

Despite these limitations, our findings pro-
vide a structural account of the dynamics of
HIV transmission risk. Because of the occupa-
tional hazards of HIV and other infections that
MSWs encounter as part of their day-to-day
activities, the paucity of HIV prevention

TABLE 2—Exponential Random Graph Model (ERGM) for the Multiplex 1-Mode and 2-Mode

HIV Transmission Risk Network: Houston, TX; May 2003–February 2004

ERGM Components and Structural Effects b (SE)

1-mode structure

Arc density –7.391* (0.421)

Reciprocity 7.614* (0.249)

No receiver –3.065* (0.414)

Isolate –2.094* (0.400)

Alternating in star 1.395* (0.235)

Alternating out star –0.977* (0.188)

Alternating triangle 1.007* (0.054)

Alternating 2 path –0.132* (0.033)

Sender attributes and behavior

HIV positive –0.615* (0.212)

Race/ethnicity is White –0.982* (0.275)

Race/ethnicity is Black –0.426 (0.289)

Homeless –0.619* (0.159)

Bisexual –0.056 (0.170)

Sex work –0.059 (0.209)

Consistent condom use –0.341 (0.180)

Receiver attributes and behavior

HIV positive 0.158 (0.168)

Race/ethnicity is Black –0.855* (0.266)

Race/ethnicity is White –0.299 (0.243)

Homeless 0.168 (0.133)

Bisexual –0.346* (0.149)

Sex work –0.647* (0.185)

Consistent condom use 0.297* (0.141)

Homophily on binary attributes and behavior

HIV positive 0.740* (0.141)

Race/ethnicity is White 0.507* (0.190)

Race/ethnicity is Black 1.648* (0.218)

Homeless 0.415* (0.114)

Bisexual 0.375* (0.105)

Sex work 0.524* (0.130)

Consistent condom use 0.278* (0.128)

Homophily on continuous attributes and behavior

Age –0.037* (0.005)

Years of schooling 0.011 (0.016)

No. of cumulative arrests –0.001 (0.002)

Months of incarceration 0.001 (0.001)

No. of paid sex partners 0.001 (0.001)

No. of casual sex partners –0.004* (0.002)

Venue-mediated ties

Weak tie 0.899* (0.310)

Strong tie –1.039 (0.645)

Venue-mediated ties among sex workers

Weak tie 0.494 (0.318)

Strong tie –1.301* (0.668)

Note. The Hispanic race/ethnicity variable did not have significant effects.
*P < .05.
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interventions and treatment services that have
been developed for MSWs,4 and the risks
posed to associates, structuring interventions to
account for the social- and venue-based affili-
ation network structure of male sex work is
more likely to be effective than are 1-size-fits-
all off-the-shelf interventions. j
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