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Abstract

Social and sexual contact networks between men
who have sex with men (MSM) play an impor-
tant role in understanding the transmission of
HIV and other sexually transmitted infections
(STIs). In Salvador (Bahia State, Brazil), one of
the cities in the survey Behavior, Attitudes, Prac-
tices, and Prevalence of HIV and Syphilis among
Men Who Have Sex with Men in 10 Brazilian
Cities, data were collected in 2008/2009 from a
sample of 383 MSM using Respondent Driven
Sampling (RDS). Network analysis was used to
study friendship networks and sexual partner
networks. The study also focused on the associa-
tion between the number of links (degree) and
the number of sexual partners, in addition to
socio-demographic characteristics. The networks’
structure potentially facilitates HIV transmis-
sion. However, the same networks can also be
used to spread messages on STI/HIV prevention,
since the proximity and similarity of MSM in
these networks can encourage behavior change
and positive attitudes towards prevention.
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Resumo

As redes sociais e de contato sexual entre homens
que fazem sexo com homens (HSH) tém um pa-
pel importante na compreensdo da ocorréncia de
doengas sexualmente transmissiveis (DST) e HIV,
devido ao potencial de circulagdo de agentes in-
fecciosos nestas estruturas. Dados da Cidade de
Salvador, Bahia, Brasil, que integraram a pesquisa
Comportamento, Atitudes, Praticas e Prevaléncia
de HIV e Sifilis entre Homens que Fazem Sexo
com Homens em 10 Cidades Brasileiras foram
coletados em 2009 numa amostra de 383 HSH
por meio da técnica Respondent Driven Sampling
(RDS). Andlise de redes sociais foi utilizada para
investigar as redes de amigos e parceiros sexuais.
Também foi avaliada a relagéo entre o ntimero de
conexoes (grau) o niimero de parceiros sexuais e as
caracteristicas sociodemogrdficas. As redes apre-
sentaram estruturas que facilitam a transmissao
do HIV. Porém, podem ser exploradas para a disse-
minagdo de informagoes sobre a prevengdo do HIV
e DST, visto que a proximidade e similaridade dos
HSH nessas redes podem influenciar comporta-
mentos e atitudes positivas para a prevengao.
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The organization of the homosexual/gay com-
munity and identity in large Brazilian cities took
place within the historical context of the social,
economic, and political changes that shaped the
country’s demographic transition beginning in
the 1950s 1.2. However, homosexuals migrated
to Brazilian cities during this period for reasons
other than the economic motivation that char-
acterized migration by the general population.
Such factors included placing a distance be-
tween themselves and family surveillance and
social repression, as well as the search for ano-
nymity, homosexual/gay sociability, and sexual
freedom 34,56,

The “political opening” of the 1970s and
1980s 3.4 included an increasing struggle for sex-
ual rights and greater visibility for the homosex-
ual world and influenced the migration of gays
to Brazil’s large cities, especially Sdo Paulo and
Rio de Janeiro, with growth in the “ghettos” of
homosexual/gay circulation and sociability 345.
This movement led to greater visibility for gay
identity and culture 3456. In addition to the
country’s overall political and social gains in re-
cent decades, public policies for human rights
were created and consolidated 7.8. Meanwhile,
this same visibility brought other consequenc-
es such as the stigma, discrimination, and
violence that mark the daily lives of many gay
Brazilians 9,10, even in the large cities, in a society
that has proven historically intolerant to homo-
sexuality 10,11,

The difficulties in living in large Brazilian cit-
ies, with poor quality of servicesin transportation,
public security, education, and health, affects all
urban Brazilians 1.2, including men who have sex
with men (MSM), whether openly homosexual/
gay men or men with a heterosexual social iden-
tity and homoerotic practices. In addition, many
areas of the large cities lack major public services,
thus creating an underlying social vulnerability
in the rapid urbanization process that Brazil has
experienced since the mid-20th century 1.2.

Urban health is a branch of public health
that studies risk factors in cities and the effects
on health and social relations 1.2. In this context,
the organization of social networks in communi-
ties as a form of local support and empowerment
highlights the importance of such structures in
the context of the urban population’s health. A
major challenge for public health is thus to un-
derstand the role and influence of these networks
and their relationship to health issues 2.

As in other contexts, in homosexual/gay so-
ciability, social networks serve as a form of sup-
port for individuals, with different types of “net-
works” (friendship, community based organiza-
tion, and cultural and sexual networks) 345612,

SOCIAL NETWORKS OF MEN WHO HAVE SEX WITH MEN

These networks provide not only the possibility
for socialization and homoerotic activities but
also mobility and social support 2,3,4512. Accord-
ing to some researchers, these networks branch
out, overlap, and intersect, leading to interac-
tion between individuals from different social
classes and social positions, and areas of the
city, via intense mobility: from the city center
to the periphery, across metropolitan areas,
from the countryside to the capital cities, from
small to large cities, and between geographic
regions 34512,

Social scientists have studied the organi-
zation of relations in social networks since the
1930s 13. In physics, network theory was sys-
tematized and presented in the 1950s 14 and
has advanced over the years with the identifica-
tion of different patterns in these structures 15.
Researchers developed a series of theories that
included random networks 14, small-world net-
works 16, and scale-free networks 17, identified
in the late 1990s, that help explain the networks’
various characteristics and functioning, with
their potentialities and vulnerabilities 15,18,

It is now widely accepted that humans are
connected through a large network of social re-
lationships 13,15,16,17. People connect by strong or
close ties with friends and relatives, as well by
weaker ties (indirectly) with friends of friends,
or with acquaintances, distant relatives, former
coworkers, and neighbors 15,16, Considering this
configuration of relationships, human beings are
separated from each other by an average of six
degrees, that is, six persons, but these influences
occur mostintensely within three degrees (the so-
called “three degrees of influence” rule) 15. Recent
studies have analyzed sexual contact networks
of MSM in the context of HIV and other sexu-
ally transmitted infections 19. The importance of
these networks is due mainly to the circulation
of infectious agents, with the potential for rapid
transmission in large sexual partner networks in
the presence of risky sexual practices such as un-
protected sex, especially between serodiscordant
individuals 19.

As in other populations, MSM are connected
through different social networks (friends, sexual
partners, and individuals that frequent public
and private venues for gay sociability) 3,455,612,
But they also connect with men that identify as
heterosexuals but have homoerotic and sexual
practices with other men 3456,12. It is thus dif-
ficult to organize a mapping or census of MSM,
or arandom sample, due to issues of stigma, dis-
crimination, criminalization of sexual practices,
and the diversity of social venues.

This study focus on a sample of MSM in Bra-
zil’s third largest city 20, with the following objec-
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tives: (1) to identify the network structure among
the participants’ closest friends and sexual part-
ners and (2) to analyze the associations between
the number of links between study participants
(degree) and the number of sexual partners, and
with key socio-demographic characteristics.
Salvador, the capital of Bahia State, like other
large Brazilian cities, suffers from major social
inequalities, ranking 383rd in the country’s Mu-
nicipal Human Development Index (MHDI) 21,
impacting the population’s health 22 members of
vulnerable groups 1.2.

Methodology
Study design

Salvador was one of the sites selected for the be-
havioral and biological survey entitled Behavior,
Attitudes, Practices, and Prevalence of HIV and
Syphilis among Men Who Have Sex with Men in
10 Bragzilian Cities 23, conducted from October
2008 to October 2009. The overall study selected
a total of 3,859 MSM from the 10 cities 23, using
a recruiting technique known as Respondent
Driven Sampling (RDS) 24, a variant of the “snow-
ball” network sampling technique 25 in which se-
lected participants (seeds) begin the formation
of recruitment chains. RDS selects a sample from
the recruiters’ network of relationships, and the
method is recommended for studying hard-to-
reach groups such as drug users, sex workers, and
MSM 26, RDS places some restrictions on par-
ticipant selection due to ethical or operational
reasons or to meet inclusion or exclusion criteria.
In the current study, the restrictions were: each
recruiter indicated up to three other MSM from
his network of personal relationships to partici-
pate in the study and who were at least 18 years
old, who reported having had sex with at least
one other man in the previous year, and who had
a wide network of personal relationships with
other MSM 23,27,

Recruitment

The study started with focus groups of MSM from
different social classes, ages, and sexual identi-
ties, to identify the study population’s prefer-
ences as to study site and type of incentives to
participate, besides selecting some MSM with
broad networks of personal relationships and
who agreed to be “seeds”, that is, to begin the re-
cruitment of other MSM. The “seeds” and other
participants received three numbered invitations
(coupons) with expiration dates to distribute to
MSM in their network of personal relationships
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(friends and sexual partners). In Salvador, 394
MSM were recruited, of whom 383 met the in-
clusion criteria and comprised the final study
sample 27 (Figure 1).

Study variables

The variables used to describe the RDS recruit-
ment process were: (1) size of the overall network
of participants’ personal relationships, identified
with the following question: How many men do
you know and that know you, and that you think
have sex with other men, and that live in Salva-
dor?; (2) Size of the network of MSM 18 years or
older, identified with the question: Of these men
that you mentioned, how many are 18 years or
older?; (3) Size of the network of closest MSM,
identified with the question: How many of these
men 18 years or older have you met with or spo-
ken to personally or by telephone or internet
in the past two months?; (4) Size of friendship
network, identified with the question, Of these
MSM, who are 18 years or older, and that you met
with or spoke to in the past two months, how ma-
ny would you invite to participate in this study?,
an this variable was used to estimate degree
(number of links in each participant’s network,
or self-reported degree); (5) Size of the sexual
partner network, identified with the question: Of
these men that you mentioned having met with
or spoken to in the past two months and that you
would invite to participate in the study, with how
many have you had sex, that is, oral sex (penis to
mouth) or anal sex (penis into anus)?, and this
variable was used to estimate the degree of MSM
that had sexual partners within the network of
closest friends (self-reported sexual degree); and
(6) identification of links among participants in
the network of personal relationships, identified
with the question: of these men that you said you
met with or spoke to in the past two months and
that you would invite to participate in the study,
how many do you think know each other?, and
this variable was used as the number of links or
edges (self-reported edges) in the friendship net-
works and sexual partner networks 27.

The variables on sexual risk practices for HIV
infection were constructed from the following
questions: (1) With how many partners have you
had sex in the past 6 months (how many sexu-
al partners have you had, that is, persons with
whom you had oral, vaginal, or anal sex)?; (2) Of
these, how many were men?; (3) With how many
casual partners have you had sex in the past 6
months?; (4) How many of these were men?; 5)
With how many steady partners have you had
sex in the past 6 months?; (6) How many of
these were men?; (7) With how many commer-
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Recruitment network in Salvador, Bahia State, Brazil: recruiters and recruited.
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cial sex partners have you had sex in the past six
months?; (8) Of these, how many were men? The
selected social and demographic variables were:
monthly family income, years of education, age,
sexual identity (MSM - heterosexuals, bisexuals,
homosexuals/gays), and local gay venues used
for meeting sexual partners 27. Presence of HIV

infection was tested with Rapid Check HIV-1&2
and Bio-Manguinhos HIV-1&2 23,27,

Data analysis

Continuous variables were analyzed by their
means, medians, quartiles, or percentiles, and
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standard deviations, as well as histograms and
box-plot analyses. Correlations between numeri-
cal variables with reported degree (links with
friends and sexual partners), number of male sex-
ual partners, total sexual partners (men, women,
and transvestites), age, years of education, and
family income were tested with the Spearman cor-
relation coefficient 2829. Data normality was tested
with the Shapiro-Wilk test 2829. All the statistical
tests set significance at 5% and were performed
with Stata version 10.0 (StataCorp LP, College Sta-
tion, USA). Analyses of friendship networks and
sexual partner networks used the participants’
reports as an estimate of degree for MSM and
their edges, as described previously. These data
were used to calculated the participants’ mean
degree and the global clustering coefficient 30,31,
This coefficient provides an approximation of the
probability that any two neighboring vertices in a
common node are linked to each other. The great-
er the “C”, the more clustered the network, that is,
the links tend to form a large single block contain-
ing many connected individuals. This indicates
that a large number of neighboring individuals in
the network without direct connections are also
connected, but via other relationships 30.

To classify the study’s networks, we used the
technique indicated in the literature to simulate
a random network using the parameters report-
ed by participants for friendship networks and
sexual partner networks, in addition to calculat-
ing the minimum mean path, or closeness and
betweenness centrality correlations 3031, Further
more, we analyzed the relationship between re-
ported degree (X) and respective probabilities,
calculated as the approximation of the relative
frequency (P(X=k) = number of occurrence of
vertices with degree k/total number of vertices
in the network 29.

To identify the distribution of the degrees and
verify whether this distribution was analogous to
a power law, i.e., whether P(X) = constant(X)-%,
where X is the observed degree of unity in the
network 32, the following items were evaluated:
(1) the size of coefficient A in power law P(X) =
constant (X)-*, where A should be greater than
two; (2) the relationship (whether linear or
not) between the logarithm of the degree and
the logarithm of the degree’s probability (graph
LogP(X) x Log(X)), which removes the scale ef-
fect from the observed degree; (3) the degree’s
order of magnitude (greater than 1,000 units);
and (4) the similarity between the distribution of
P(X) = CX)-* and the distribution of the reported
degrees (X) 32,33, If all the items are met, distri-
bution of the degrees is defined as a power law
distribution, otherwise it is classified as a “heavy
tail” distribution 33.
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We used the Kolmogorov-Smirnov test on a
sample to examine the agreement between the
distributions of the observed probabilities and
power law. The Kolmogorov-Smirnov test verifies
the adherence between the distribution of a set
of data from the sample and a specified distribu-
tion 28. We opted to remove the extreme number
of sexual partners reported by one participant
(3,650 MSM) from the set of reported degrees,
given that it was highly discrepant from typical
values and those found in the literature, and it
was scarcely plausible that a person could have a
network of more than 500 close friends 15,34,35,36.

The following programs were used in the
analyses, simulations, and presentation of net-
works: Pajek 2.04 and 3.09 (http://pajek.imfm.
si) and Gephi 0.8.2 beta (Graph Visualization
and Manipulation software: http://www.gephi.
com.br) — graphic formatting and calculation
of the coefficient for friendship networks. The
research protocol was conducted according to
the ethical criteria of the Declaration of Helsinki
and in accordance with the requirements of Rul-
ing n. 196/96 of the Brazilian National Health
Council. The research project was approved by
the National Commission on Research Ethics
of the Ministry of Health (CONEP) (protocol n.
14,494) and the Committee on Research Ethics
of the Bahia State Health Secretariat (protocol
n. 241/2008).

Results

For the MSM in this sample, mean education was
11 years, mean age 25 years, and mean monthly
family income BRL 1,733 (Table 1). Forty-nine
percent of the participants identified themselves
as homosexuals or gays and listed the follow-
ing venues where they had gone to seek sexual
partners in the previous 30 days: bars (12%),
nightclubs (14%), friends’ homes (12%), Internet
(12%), parties (8%), saunas (5%), cinemas (4%),
and “cruising” bathrooms (2%).

Recruitment

The participants’ recruitment chains had 18 seeds
that recruited 394 MSM, but of these, 11 MSM
failed to meet the inclusion criteria and were ex-
cluded from the analyses. Four seeds were the
most successful in recruiting, with 12, 48, 58, and
235 participants, respectively, with the formation
of the respective recruitment chains (Figure 1).
Participants reported knowing an average of
133 other MSM that also lived in Salvador, but the
distribution proved highly asymmetrical, with a
median of 30 MSM. Meanwhile, for the number



Table 1
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Descriptive analysis of study participants’ characteristics.

RDS recruitment network n Mean Median Minimum  Maximum
Demographic factors
Years of schooling 382 11.4 1M 1 22
Monthly family income (BRL) 271 1,733 1,000 0 60,000
Age 382 253 24 18 53
Recruitment
How many men do you know and that know you, and that you think have sex 383 133 30 1 5,000
with other men, and live in Salvador?
Of these men, how many are 18 or older? 381 98.5 25 1 3,700
How many of these men 18 or older did you meet with or speak to personally or 379 38.1 10 1 3,650
by telephone or internet in the last two months?
Of these men who have sex with men, that are18 or older and that you met or 374 27.8 8 1 3,650
spoke with in the last two months, how many would you invite to participate in
this study?
Of these men that you met with or spoke to in the last two months and would 374 53 1 0 200
invite to participate in the study, with how many have you had sex?
Of these men that you met or spoke with in the last two months and that you 369 1.9 5 0 200
would invite to participate in the study, how many do you think know each other?
In the last two months, how often have you seen the person that gave you the 380 26.9 20 0 100
invitation for you to participate in the study?
Sexual behavior (during the six months prior to the interview)
How many sexual partners have you had? 362 * 8.2 3 1 451
How many of these partners were men? 342* 7.5 3 1 450
With how many steady partners have you had sex? 241 1.3 1 1 5
How many of these steady partners were men? 197 1.2 1 1 5
With how many casual partners have you had sex? 284 6.2 2 1 150
How many of these casual partners were men? 253 6.0 1 1 150
With how many commercial partners have you had sex? 68 13.1 2 1 451
How many of these commercial partners were men? 62 12.9 2 1 450

* Total participants with some type of sexual partner in the previous six months (steady, casual, or commercial). The number of other types of partners is

included in this group.

of closest MSM, i.e., whom they had contacted in
the two months prior to the interview, the mean
number was 38 MSM, also with an asymmetri-
cal distribution, with a median of 10 MSM. By
further limiting the closest MSM to those whom
the participants would invite to participate in the
study, the mean number dropped to 18 MSM,
with a median of eight MSM (Table 1).

Among the MSM in the recruiters’ network of
personal relationships, a mean of 12 MSM were
linked to each other, and 50% of the individu-
als in the network knew up to five other MSM
within the network’s structure. In addition, the
participants reported having sex with a mean of
five MSM in this structure, and 50% of the in-
terviewees reported having sex with at least one
MSM in their network of personal relationships
(Table 1).

In the six months prior to participation in
the study, the mean number of sexual partners
was eight (men, women, and transvestites). Con-
sidering only male partners, the mean number
was 7.5. For steady partners (men, women, and
transvestites), the mean was one partner, while
for casual sexual partners (men, women, and
transvestites) the mean was six, a similar figure
to that estimated for male casual partners during
the same period. Mean age at sexual initiation
was 14.7 years (Table 1).

Correlations

Correlation coefficients were statistically signifi-
cant between the magnitude oflinks between par-
ticipants (reported degree) in the friendship net-
work and the following covariates: total number of
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sexual partners (men, women, and transvestites)
(0.20; p = 0.0002); number of male sexual part-
ners (0.23; p = 0.0000); total casual partners (men,
women, and transvestites) (0.23; p = 0.0001); and
number of male casual partners (0.20; p=0.0017).
The correlation coefficients between reported de-
gree in the sexual partner network and the follow-
ing covariates were statistically significant: total
sexual partners (men, women, and transvestites)
(0.33; p = 0.0000); male sexual partners (0.36; p =
0.0000); steady male partners (0.18; p = 0.0143);
total casual partners (men, women, and transves-
tites) (0.28; p = 0.0000); and casual male sexual
partners (0.26; p = 0.0000).

The correlation between reported degree in
the friendship network and socio-demographic
variables showed statistical significance for: par-
ticipant’s age (0.18; p = 0.0008), family income
(0.22; p = 0.0004); and years of education (0.33;
p = 0.0000). For sexual partner network, the fac-
tors were the same as for friendship network:
age (0.12; p = 0.0173), family income (0.13; p =
0.0361); and years of education (0.20; p = 0.0001).

Topology of networks

We analyzed friendship networks considering
the MSM that participants would invite to par-
ticipate in the study and found a global cluster-
ing coefficient (C) of 0.09, as compared to 0.07
for the simulated small-world network and 0.02
for the simulated random network. The Shapiro-
Wilk statistical test for normality in the distri-
bution of the reported degree of the networks
showed that these degrees did not follow a nor-
mal distribution. The correlation between re-
ported degrees and their respective probabilities
in the friendship network proved statistically sig-
nificant (-0.39 and p = 0.0000). The mathematical
function that describes this relationship is P(X) =
0.15X-0.42), where P(X) is the probability that a
vertex in the network (MSM) with degree X will
occur in the analyzed network. After removing
the scale effect, the relationship remained sig-
nificant (Figure 2a). However, the Kolmogorov-
Smirnov adherence test showed that the above-
mentioned distribution of observed probabili-
ties in the sample (approximated by the relative
frequencies) and the probabilities described in
the above-mentioned relationship are different,
thus not confirming that the distribution of the
reported degree follows a power law distribution
for friendship network.

The sexual partner network, consisting only
of the participants’ sexual partners, showed a C of
1.0. The simulated small-world network showed
C = 0.07 and the simulated random network C
0.01 (Table 2). Analysis of the correlation between
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reported degrees and their respective probabili-
ties in the sexual partner network showed sta-
tistical significance (-0.96; p = 0.0000). Analysis
of the distribution of the reported degree failed
to confirm normal distribution. The equation
that describes the relationship between reported
degree and its probabilities is P(X) = 0.15X-(0.79),
and even after removing the scale effect, the re-
lationship remained significant (Figure 2b). The
Kolmogorov-Smirnov test showed evidence that
the distribution of the observed probability and
the probability described by the relationship P(X)
are different, confirming that such distribution of
degrees does not follow a power law.

Discussion

In the recruitment chains in Salvador (Figure 1),
the mean number of MSM with whom the par-
ticipants reported links in their personal network
of relationships proved high (133 MSM), when
compared to both the mean number in all 10 cit-
ies in the multicenter study (85 MSM) and the
mean number of links reported by other stud-
ies on friendship networks and sexual behavior
34,35,36,37. This number is close to the human ca-
pacity to relate to other persons in a large social
network, or approximately 150 persons 15. Thus,
the findings suggest that the participants be-
long to a large network of personal relationships
among MSM.

Studies on sexually transmitted infections
have shown that in some networks, a high num-
ber of sexual partners is related to large size of the
social network of MSM 1937, which our study cor-
roborated for both casual and steady partners.
Although some correlations were moderate, they
were statistically significant, indicating that the
more the links among MSM, the more the sexual
partners. In addition, participants reported hav-
ing sex with an average of five of their contacts
in their personal network of relationships, rep-
resenting approximately 4% of the total number
of men in this network and 18% if one consid-
ers the mean number of closest acquaintances
in the network of MSM, i.e., with whom they had
contact in the two months prior to the interview.
Given this reality, risky sexual practices for sexu-
ally transmitted infections among serodiscor-
dant individuals (positive and negative for STIs)
in the same network of personal relationships
19,38,39 should be an important focus on preven-
tion strategies.

Infectious agents can circulate quickly in
these sexual contact networks, considering that
the high number of sexual partners can increase
the odds of risky practices for HIV infection and
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Statistics for analysis of network structures.

Network N M (edges) L* C **xx% Global C k# Mo ##  Normality test ### Distribution of
degrees §

Recruiting chains 383 365 11.3 0.00 - 1.9 0.9 - -

RDS (383.2)

Network structure (383.2) 383 370 7.4 0.01 - 1.9 0.8 - -

Basic network: 60-day self- 383 1288 - - 0.01 38 - Normality rejected Any

reported network

Network structure 8§88 383 7.342 2.2 0.05 - 38.3 0.1 - Normal

(383.38, p = 38/383 = 0.099)

Networks of friends that would 383 1288 - - 0.09 18 - Normality rejected Any

invite to participate

Network structure 88§ 383 3.424 2.8 0.02 - 17.9 0.2 - Normal

(383.18, p = 18/383 = 0.047)

Network of sexual partners 383 12 88 - - 1.2 5 - Normality rejected Any

Network structure 8§88 383 971 3.1 0.01 - 5.1 0.4 - Normal

(383.5, p = 5/383 = 0.047)

Simulated small-world network 383 4.596 2,5 0,07 24 0,3 - -

1 (vertices = 383 and Prob. =

18/383 = 0.05)

* Minimum mean path;

** Clustering coefficient;

*** Latapy 43 (calculated in Gephi); global C = Number of edges / (k(k-1));

# Mean degree;
## Modularity;
### Shapiro-Wilk (a = 0.05);

§ Test to verify scale-free distribution: log degree;

§§ Men who have sex with men that know each other in the network (mean self-reported);

§8§ Simulations in Gephi;

t Simulation in Pajek.

other STIs 3536,38. These findings were similar to
those of other RDS studies 394041 for all types of
partners (steady, casual, and commercial). We
highlight the positive correlation between the
number of participants’ links and study vari-
ables, indicating that older individuals with high-
er income and more education had more links
(friends and sexual partners) in the networks.

In relation to the description of networks,
friendship network proved to reflect the closest
relationships, with more recent contact, unlike
the overall network, which showed more distant
relationships (acquaintances). The mean num-
ber of links dropped from 133 in the sexual part-
ner network to 18 MSM in the friendship network,
similar to findings from other studies 3435,36,37.
Recruiters had a mean of 12 MSM friends, rein-
forcing the tendency towards very close social
relations among individuals in the friendship
network. Further reinforcing this idea of close-

ness, 50% of the participants knew up to five of
the MSM in their recruiter’s friendship network.
MSM clustering in this network was low, in-
dicating that the MSM do not form a network
comprised of groupings or clusters among their
friends, that many of the recruiter’s friends may
not know each other despite belonging to the
same social network. Analysis of the distribution
of the participants’ reported degree showed that
only 10% of the MSM were linked to larger num-
bers of other MSM, that is, that they know more
than 40 MSM each. Meanwhile, there were many
more participants (90%) with only two links (Fig-
ure 2a). Since this distribution did not appear as
a power law, such information characterizes a
“heavy tail” distribution of degrees, since only
a few participants (five MSM) reported more
than 150 links. According to descriptive analyses,
these five MSM may be hustlers, thus explain-
ing the high degree of linkage to other MSM. The
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Figure 2

Direct (2a) and scale-free relationship (2b) between self-reported degrees and their respective probabilities.
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Note: self-degree is the number of links with other MSM in the networks, as reported by participants.

heavy tail distribution of degrees is similar to the
distribution proposed by Resnick 33, describing
“heavy tailed models”, which are similar in some
ways to power law, but with important differ-
ences. Thus, it was not possible to confirm that
the friendship network was scale-free 17,18, even
with the presence of “nodes” or “hubs”, that is,
MSM with more links than the mean number for
the network.

The sexual partner network showed similar
characteristics to the friendship network, that is,
with the characteristics of a small-world network,

Cad. Saude Publica, Rio de Janeiro, 31 Sup:5170-5181, 2015

although with some MSM classified as hubs. Im-
portantly, 25% of the participants reported hav-
ing sex with more than four MSM in this network
and 10% reported sex with more than 10 indi-
viduals in this structure. The global clustering co-
efficient was high (C = 1.0), much higher than for
the simulated small-world network (0.07) (Table
2), that is, this network includes a large cluster
of MSM, indicating that neighboring individu-
als in the network may be sexual partners. Thus,
the MSM in this network are linked more as a
function of their sexual partnerships, forming a



compact, difficult-to-break network, except for
the removal of a few MSM nodes or hubs. In the
literature, other sexual networks have shown
such characteristics of clustering and numerous
links 3642, The distribution of the reported de-
grees follows the same pattern as in the friend-
ship network, with a long tail and no confirma-
tion of a power-law pattern.

What became obvious in these networks was
the closeness of the MSM, as in a small-world
network. In this type of structure, the mutual in-
fluence exerted by neighbors can be highly useful
for interventions to prevent sexually transmitted
infections. In addition, a small number of MSM
showed more than the mean number of links in
the network, similar to the hubs (nodes) in scale-
free networks; these individuals can form the
bridge between many individuals in the network
due to their strong connectedness 1517. Another
indicator is the clustering coefficient, small in the
friendship network, butlarge in the sexual partner
network. Thus, assuming the hypothesis that this
was a small-world network, greater clustering in
the sexual partner network than in arandom net-
work with the same number of nodes and edges
indicates that the spread of information/conta-
gion in the network is important and can occur
rapidly, since C (1.0) was higher than expected in
arandom null model (0.07) (Table 2).

The results of this study provide unique infor-
mation on the structure of the personal network
of relationships for MSM, or friendship and sexu-
al partner networks, i.e., information on the way
MSM are linked in Salvador. These findings can
be used for planning strategies so as to focus on
“highly connected” individuals and those with
more “prestige” in the network, with the expecta-
tion that they will encourage other MSM to avoid
risky practices for HIV infection and other STIs
15,17 One can also explore the potential for circu-
lation of information within the target networks,
in order to disseminate information on HIV/STIs
prevention and care 15,16,17,

Limitations

The RDS methodology aims to reach individu-
als belonging to the participants’ network of per-
sonal relationships, with some prerequisites 24.
However some of these requirements are difficult
to meet, especially random selection of individu-
als from the personal network. Besides, it was not
possible to calculate the minimum mean path in
the networks, since there was no information on
the number of links between MSM recruited by
different recruiters. However, it was possible to
perform a consistent exploratory analysis of the
networks with the available data: information on

SOCIAL NETWORKS OF MEN WHO HAVE SEX WITH MEN

the number of MSM in the overall network, which
also included the participants’ sexual partners.
Information on the size of the network, number
of sexual partners in the structure, and number
of MSM that knew each other may not be pre-
cise, which can bias the estimates of the resulting
coefficients. Dependency between the sampled
units limits extrapolation of the findings on cor-
relations between network size and number of
sexual partners. Nevertheless, the study pre-
sented unique results on the structure of MSM
networks in a large Brazilian city and can pro-
vide insight for future research to inform more
precise measurements of friendship and sexual
partner networks.

Conclusion

Difficulties in reaching the MSM population add
further to issues of stigma and social discrimina-
tion 1.2, beside other problems faced by the gen-
eral population in large Brazilian cities. The MSM
population also experiences increased social, in-
dividual, and program vulnerability in the con-
text of HIV and other STIs 27. Given this adverse
scenario, respondent driven sampling proved to
be an efficient strategy to identify recruitment
chains belonging to the network of personal rela-
tionships of MSM (social network).

The networks captured by the study present
structures that can facilitate transmission and
other STIs, but this can be minimized by factors
not analyzed in this study such as strategies for
partner choice according to HIV serological sta-
tus, sex without anal penetration, and more con-
sistent condom use 19,3840,

The networks studied here can be explored
to spread information on prevention of HIV and
other STIs, given that the proximity and similarity
among the MSM can encourage sharing positive
behaviors and attitudes for prevention 16.

Identification of the relationship between
network size and number of sexual partners con-
firms the importance of the size of personal net-
work in sexual behavior among MSM with more
links 19,30,36,37,42,

In Brazil’s third largest city 20, within the over-
all problems and obstacles involved in living in a
large urban area 22, these results will hopefully be
used to orient public policies to address contact
with sexual diversity, especially facilitating health
interventions that target the MSM population.
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Resumen

Redes sociales y de contacto sexual entre hombres que
practican sexo con hombres (HSH) tienen un papel im-
portante en la comprension de la aparicion de las enfer-
medades de transmision sexual (ETS) y el VIH, debido a
la posibilidad de circulacion de los agentes infecciosos
en estas estructuras. Los datos de Salvador, Bahia, Bra-
sil, que se recabaron de la encuesta Comportamiento,
Actitudes, Practicas y Prevalencia de VIH vy Sifilis entre
Hombres que Practican Sexo con Hombres en 10 Ciu-
dades Brasilenas, fueron recogidos en 2008/2009 en una
muestra de 383 HSH, usando Respondent Driven Sam-
pling. Se utilizo el andlisis de redes sociales para inves-
tigar las redes de amigos y parejas sexuales. También se
analizo la relacion entre el niimero de conexiones (gra-
do) y el niimero de parejas sexuales, y las caracteristi-
cas socio-demogrdficas. Las redes presentan estructuras
que facilitan la transmision del VIH. Sin embargo, se
puede aprovechar para difundir informacion para pre-
vencion del VIH y las ETS, asi como que la proximidad
v la similitud de los HSH en estas redes pueden influir
en el comportamiento y las actitudes positivas para la
prevencion de las mismas.

Homosexualidad Masculina; Conducta Sexual; VIH:
Red Social
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