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Abstract
Purpose: Improve the ability to infer sex behaviors more accurately using network data.

Methods: A hybrid network analytic approach was utilized to integrate: (1) the plurality of reports from others tied to
individual(s) of interest; and (2) structural features of the network generated from those ties. Network data was generated
from digitally extracted cell-phone contact lists of a purposeful sample of 241 high-risk men in India. These data were
integrated with interview responses to describe the corresponding individuals in the contact lists and the ties between
them. HIV serostatus was collected for each respondent and served as an internal validation of the model’s predictions of
sex behavior.

Results: We found that network-based model predictions of sex behavior and self-reported sex behavior had limited
correlation (54% agreement). Additionally, when respondent sex behaviors were re-classified to network model predictions
from self-reported data, there was a 30.7% decrease in HIV seroprevalence among groups of men with lower risk behavior,
which is consistent with HIV transmission biology.

Conclusion: Combining the relative completeness and objectivity of digital network data with the substantive details of
classical interview and HIV biomarker data permitted new analyses and insights into the accuracy of self-reported sex
behavior.
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Introduction infection risks that occur. In contrast to individual level self-
reported information, a network based approach that elicits
information from other network members may help improve
inference of sex behavior [6].

To date, researchers have mostly utilized the reports of one
network member on a second and suggested that such dyadic
reports reflect more upon the rater’s behavior than the network
member of interest [7,8]. Some of these studies have continued to
prioritize self-reported risk behavior as an accurate assessment of
actual behavior yet when empirically examined they have been
found to lack validation. Other studies on sex behavior have also
compared self-report to the report of others in the context of
timing of sexual encounters [9], or whether two partners agree on
the existence of a sex tie between them [10]. These have found
significant incongruity across reports of shared behavior such as
sex tie as well as across types of reporters.

Since the first cases of HIV were reported among high risk men
in 1981, global HIV prevention research has been dominated by
individual-level assessments that utilize self-reported behavior to
determine risk of HIV acquisition. Methodologies used in
collecting self-reported risk behavior such as computer assisted
surveys or online health diaries have contributed to improving the
accuracy of sensitive sex behavior data [1,2]. However, the
continued disconnect between these subjectively-reliant methods
and objective clinical outcomes has been well established as a
major impediment to accurate interpretation of HIV study
findings [3], a feature described by some as the “behavior biology
conundrum” [4]. Self-reported sex behavior is error-prone
because of the sensitive nature of this behavior as well as well as
the complicating effects of partner and contextual variation [5].
Fundamentally, self-reported sex behavior may be insufficient to

. i < Newer social network research that leverages existing digital
determine actual sex behavior in addition to the downstream HIV

communication networks such as emails [11], or cell phone calls
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[12,13], could help us infer behaviors more accurately. These data
generate networks without the biases involved in collecting the
names of network members. They also produce large networks
rapidly without the problems of matching names or other personal
attribute information. Moreover, the scale of networks generated
could be useful for the plurality of reports on the sex behaviors of
individuals within the network. The plurality of reports offered by
new digital network data provides opportunities to include
multiple raters instead of one, and allows for raters to be weighted
by their relationship to the individual of interest. The plurality of
reports clearly can strengthen sex behavior inference [6], and the
consensus structures developed through social network analysis
might be useful in obtaining accurate information [14]. Improve-
ments in plurality of reports on behavior inference could be made
even stronger if large numbers of reporters were objectively
identified and recall bias in name generation was limited [15]. In
fact, recall bias becomes a particularly important problem when
sex partners are elicited [5].

Accurate inference of sex behavior can be further strengthened
by linking distinct HIV transmission risks to specific behaviors. In
terms of both HIV transmission and acquisition, for example,
vaginal sex presents a much lower risk compared to anal sex
[16,17]. Populations such as men who have sex with men (MSM)
were the first to acquire HIV in the United States (primarily
through anal intercourse) and MSM continue to have the highest
rates of HIV transmission in emerging epidemics internationally.
Yet even among MSM, important HIV transmission rates vary
depending upon specific sex behaviors or positions. For example,
an estimated 20% increased HIV transmission potential in
receptive over insertive anal sex [17], represents a risk difference
critical to biomedical HIV prevention research. Given this known
risk difference between insertive and receptive anal sex, HIV
serostatus information could further help us better assess the
accuracy of sex behavior information.

This study compares network-generated sex behavior to self-
reported data by combining linked cell phone contact list data with
respondent interviews. Interviews of respondents included self-
reported behavior and the reported behavior of others in contact
lists, many who were themselves respondents. The study then
compares both sets of data to HIV serostatus to determine the
approach that most accurately reflects sex behavior using a mixed-
effects model [18,19]. Combining the relative completeness and
objectivity of digital network data with the substantive details of
classical interview data and biomarker results permitted new
analyses and insights into the accuracy of self-reported sex
behavior.

Materials and Methods

Setting and Study Population

The setting for this study was in a large city in Southern India.
The study took place at a constellation of 20 well characterized
social venues- ‘“‘cruising areas” -where MSM congregate to
socialize and where paid and unpaid sex is common. The study
population included the following: individuals identifying as male
between 18-39 years of age who visit one of the 20 venues, report
anal/oral intercourse with another man within the previous 12
months, own and are in possession of at least one cell-phone at the
time of recruitment, speak English or one of two local languages,
and were able and willing to provide written informed consent for
study participation. Protocols were approved by institutional
review boards at the University of Chicago and SHARE-India.
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Respondent Recruitment

Time Location Cluster Sampling (TLCS) was conducted
[20,21]. Previously a sampling frame was established including
20 separate venues and 3 hour periods where MSM can be
recruited. This covered public venues such as railway stations,
theatres, small restaurants, parks, museum grounds etc. with MSM
on a given night ranging from 30-200 at each site. Venues with
smaller numbers of MSM (<<30), such as massage parlors and
private residences were not included for logistical and cost-
efficiency reasons. In concert with two local partnering non-
governmental organizations, we re-identified all major venues
frequented by MSM and the days of the week and times of day
when MSM frequent the venues. Every month we randomly
selected (without replacement) 15 venues from the sampling frame
and then randomly selected one of the 3 hour periods associated
with the venue. The two-member data collection team ap-
proached MSM at the venue and evaluated inclusion criteria as
described above. Men who approached the team for enrollment or
who enrolled previously (verified by cell phone number) were
meligible. We recorded limited demographic data on men who
refused participation and counted all men passing through. A
schematic for recruitment of the study sample can be found in
Figure 1.

In order to determine when network saturation was achieved,
we followed recruitment through a redundancy curve (Figure 2).
This demonstrated that to achieve network saturation in this
region (where each subsequent recruit is >95% likely to already
have been linked in the network through another participant’s
contact list), we required a sample size of 245. Once this was
achieved over a six month period, any further recruitment was
stopped.

Data Measures

To overcome interviewer and respondent burden from classic
name generators that require recall and cataloguing names in a
roster, the use of a SIM card reader was adopted (Figure 3). SIM
cards are utilized in nearly all cell-phones outside of the United
States. The SIM card reader was assembled using a kit from
Adafruit Industries [22], and operated by means of pySIM [23], a
free open-source SIM card-reading software package. The
software is written in Python and modified for compatibility with
the SIM card reader. The software allows extraction of phone
book entries which include phone numbers, name information and
the SIM card serial number from each respondent’s cell phone.
For this study, phonebook entries were extracted and sent directly
to a file for respondent interview. Call frequency and call duration
are not collected as part of the SIM card reader. The network was
generated by matching phone numbers across contact lists.
Betweeness centrality [24], and bridging as measured by a link-
deletion approach [25], were calculated for all MSM in the
network.

The following individual and relational characteristics were
collected from respondents about themselves and about each
MSM network member in their cell phone contact list. Variables
were based upon those in previous work with this population [26—
28]: caste (caste system is an Indian social class hierarchy system),
religion, marital status, sexual position (mostly insertive, mostly
receptive, versatile), and any previous sex work history. Sex
position was collected from respondents about their perception of
their network members’ typical sex positions (regardless of whether
they are a sex partner or not), as well as for the predominant sex
position used with sex network members. Tie measurements also
included the duration of relationship and frequency of commu-
nication with each network member. While we did not include call
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Figure 1. Sample recruitment schema of study respondents (n=241), Southern India 2010. Non-respondents were eligible participants
who did not present for informed consent at a nearby field office following field recruitment. Name interpreters are a series of questions asked about
contact list members of respondents. In this case respondents identified contact list members as MSM or not MSM.

doi:10.1371/journal.pone.0101416.g001

frequency in the SIM card reading which could reflect closeness of
a tie, one item from Morrison’s closeness scale [29], adapted to this
setting [30], was collected for each contact to describe tie closeness
(very close, a little close, not close). Cell phone specific information
was also collected: number of handsets/SIM cards per respondent,
duration of SIM card possession, whether handsets/SIM cards are
shared, and previous SIM card numbers. In order to address
potential limitations of incomplete network data obtained, we also
collected information on social and sexual network members who
may not utilize cell phones and network members who may utilize
cell phones but may not be in respondents’ contact lists.

All study respondents provided dry blood spots for HIV testing
and three sequential antibody tests (Vironostika HIV Uni-Form II
Ag/Ab, bioMéricux; Tridot, Biomed Industries; Retrocheck,
Qualpro Diagnosistics) were conducted using methods described
previously [31], and in accordance with National AIDS Control
Organization guidelines [32]. HIV test results and referrals were
provided to study participants following locally developed proce-
dures [33].
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Model Generation and Analytic Plan

The network-based mixed effect model predictions of MSM sex
position incorporate the reports of other network members on the
individual of interest and structural network features such
centrality and bridging [25,34]. The key point of the modeling
in this study is to predict behavior of individuals based on tie
information and structural network features. This allows for
quantitative behavioral estimates that we contrast with self-report.
The model predicts attributes of network members by a
respondent given the network members’ other attributes. The
attributes considered in the model were religion, type of MSM,
marital status, receiving money for sex, meeting at a sexual
hotspot, and caste. The predictions are then used to compare with
self-report and determine variation in agreement as a function of
network type and attribute. Analysis of this type for determining
behavior and relationships in sexual networks based on multiple
reports has been done in several instances, including Helleringer et
al. [10], and Adams and Moody [6]. Brewer et al. [5], examined
dyad characteristics to determine if particular individual or pair
attributes were consistent with concordant information. The main
statistical tool used in our predictive modeling was a mixed effect
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Figure 2. Network redundancy curve of study respondents used to determine adequate sample size for network model (n=241).
Curve fit from data on index of respondents and week of respondent interviews versus network size to exponential model. The data were fit to a
scaled/shifted exponential cumulative distribution function f(x)=99.2-95.9e"(—4.9x) where x represents the index of the respondent and f(x)
represents network size. Data approach horizontal asymptote at approximately 240 respondents.

doi:10.1371/journal.pone.0101416.g002

model [18,19] of the form.

S(Elyi]) = BXy—n+;

Serial port
connector

Figure 1. SIM card reader

where yjycorresponds to the k™ attribute of alter i as reported by
ego j, Xy p are the set of all attributes of alter ¢ except the I
attribute as reported by ego j, f§ are coefficients modeling effects
across all respondents, y; represents the random effect specific to

SIM card
reader in
holder

Figure 3. Subscriber Identity Module (SIM) card reader. The SIM card reader [22], was assembled using a kit from Adafruit Industries (New
York, NY). The card reader is operated by means of pySIM [23], a free open-source SIM card-reading software package.

doi:10.1371/journal.pone.0101416.9003
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respondent j, and g represents a link function. For binary attributes
we used a logit link. Sex behavior had multiple categories
corresponding to a multinomial link. We used leave-one-out
procedures to test model fits and the basic assumptions of the
mixed effects model. We also applied a block model [35], to this
data which showed latent structure suggesting individuals block
memberships formed according to marital status. This model was
applied to the entire network as well as sex and social sub-
networks. It also incorporated structural features of the network
such as centrality and bridging [25,34], as covariates.

Comparing self-reported attributes of 241 respondents to the
model predictions was of central importance in the analysis. This
provided a comparison of one’s self-reported identification (i.e. sex
position) versus the perception of this identification by others and a
quantitative prediction of this perception given the network data.
For sex position, we used a logistic mixed effects model, where
individuals were classified as either being insertive or receptive.
Because MSM in this context can also be versatile, engaging in
both insertive and receptive sex, we used a thresholding approach.
The threshold approach is. is an extension of Krackhardt’s work
on Consensus Structures [14] which we used to transform ego-
alter predictions from the model for a particular alter to a sex
position assignment for that alter as well as to allow for individuals
to be classified as versatile. We defined the following quantity.

rec ins

n—n

P = ec . sl
rec ins

n +n;

where 7" and 7/ are the number of insertive and receptive
predictions for alter i. A value of 3 equal to 1 means there is
complete concordance in the predictions based on reports in the
data, and the individual is classified strictly as insertive or
receptive. A value of 9; equal to 0 means that an individual has
equal numbers of insertive and receptive predictions. If §; is
smaller than a threshold 7 then the alter is classified as versatile;
otherwise the alter is classified by the majority prediction. Values
of tclose to 0 result in only individuals with nearly equal numbers
of insertive and receptive predictions to be classified as versatile
with the remaining individuals being classified as either strictly
insertive or receptive, whereas values near 1 result in nearly all
individuals being classified as versatile. We used a threshold of 0.5,
which corresponded to a ratio of 3:1 or smaller comparing the
MSM type predicted more often to that predicted less often. This
gave a distribution of MSM sex roles consistent with what we
expect to see based on the literature. This approach also allowed
us to address model uncertainty resulting from differing ego
reports on a given alter. We obtained similar results using an
approach wherein we assigned prior probabilities of each MSM
sex role to individuals and then, assigned MSM sex roles to
minimize loss according to our loss function.

Ethical Considerations

All procedures were approved by Institutional Ethics Commit-
tees in the United States and India. As is typical of social network
analysis, we collected limited information on third parties that are
provided by consented study respondents [36,37]. The key
concerns to study participants in the pure academic context are
1) lack of consent on the part of persons named by respondents,
and 2) the possibility of identifying individuals by combining
collateral information [37,38]. We utilized a secure data manage-
ment system that included password protected computers where
data were entered and encrypted file transfer to a secure server. All
data at site of collection were destroyed and analytic data
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subsequently protected by a Federal Certificate of Confidentiality.
Network visualizations and study results were presented internally
and to local community partners to receive feedback prior to
public release. All figures presented in this manuscript were
anonymized prior to internal review and were found to protect
personal information.

Results

MSM study respondents were recruited until the chance of a
new respondent already being part of the network was >95%. All
respondents were in the contact list of at least one other
respondent. This process resulted in a network of MSM
(n=241; 706 ties) and an augmented MSM network including
those who were not interviewed directly (n =4991 MSM; 6548
ties) (Figure 4). The augmented cell-phone network included the
241 respondents and all other MSM within their cell-phone
contact lists. Both social and sex sub-networks of the cell-phone
network were also analyzed separately. The network-based model
predictions of sex behavior incorporate the reports of other
network members on the individual of interest as well as structural
features of network members such as centrality and bridging

[25,34].

Network Based Model Predictions versus Self-Reported
Data

Our primary results indicate that network-based model
predictions of sex position and self-reported sex position had
limited correlation (54% agreement). Further, there was variability
in this agreement based upon network type: the agreement
between self-report and model predictions within the sex network
was 36% and agreement in the social network was 61% (See
Figure 5). This finding suggests that sex behavior inference based
upon self-reports may be inaccurate due to discordance between
sex behavior roles as observed in sex venues by MSM and the sex
behavior of the same MSM as reported by sex partners. Figure 5
also demonstrates that tie closeness (k) increased the agreement
between self-report and the network model, a finding that was
most apparent in the sex network where the average agreement
across all thresholds increased from 28.6% for ties classified as
‘somewhat close’ or ‘not close’ to 38.1% for ties classified as ‘very
close’.

Not only did self-report behavior differ from model predictions
by #ype of network, but how it was classified differed depending on
the type of behavior reported: versatile behavior (both insertive
and receptive) in the sex network was misclassified by self-report as
msertive (See Figure 6). This is an expected finding in sex venues
where insertive MSM often also take on a receptive role as sex
workers — making them versatile in their actual sex behavior.
Agreement between model predictions and self-report was much
higher for other identifiable attributes in this context such as
religion (data not shown). Attributes such as religious affiliation are
more likely to be comparable between self-report data and
network predictions because they tend to be explicit in this context
and less dynamic than sex behavior.

Biomarker Validation of Network Inferred Sex Behavior
The overall HIV seroprevalence rate in this population was
high at 23.4%. Seroprevalence rates have been shown to vary by
self-reported risk behavior with receptive MSM in this setting
having the highest rates of infection followed by versatile (both
insertive and receptive) and then insertive [39,40]. This pattern is
consistent with biologic HIV transmission risk for each sex
behavior with insertive sex having the least chance of HIV
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Figure 4. Digital communication network of MSM respondents (n=241; 706 ties). Ties are designated by blue for social and green for sex.
Inset network is of the augmented network which includes MSM respondents and all MSM from respondent cell phone contact lists (n=4991; 6458
ties). Network matches were determined but utilizing cell phone numbers as identifiers.

doi:10.1371/journal.pone.0101416.9004
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Figure 5. Percentage of MSM sex behavior agreement with self-report in social compared to sex networks. More agreement between
self-report and model predictions is evident in the social network (upper surface) than the sex network (lower surface); however agreement between
self-report and model predictions increases across thresholds as closeness (k) between sex network members increases. (1) serves as a metric

comparing proportions of model predictions for insertive and receptive sex positions. (k) serves as a measure of closeness indicated by score from 1.0
(least close) to 3.0 (closest).
doi:10.1371/journal.pone.0101416.g005
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acquisition among MSM [17]. The network predictions revealed
higher HIV seroprevalence among receptive MSM and lower
HIV prevalence among insertive MSM across thresholds of role
designations (Figure 7). These higher and lower HIV prevalence
rates designated by network predictions match the direction in
which biologic HIV transmission differences would confer HIV
seroprevalence among receptive (higher) and insertive (lower)
MSM. Thus, re-classification of MSM sex behavior according to
the network model was consistent with biologic HIV transmission
risk as insertive MSM in the network model had consistently lower
rates of HIV seroprevalence across all thresholds when compared
to self-report. Additionally, when respondent sex behaviors were
re-classified from self-report to network model predictions, there
was a 30.7% decrease in HIV seroprevalence in the insertive
group which is consistent with the decreased HIV transmission risk
of this sex behavior among insertive MSM.

Discussion

Our network model represents a shift in how sexual behavior
can be inferred. Significantly, it shifts the current reliance on self-
reported data by incorporating sex behavior reports from a
plurality of network members and using structural features of
networks to predict sex behaviors.

Validating whether the network model predictions improve
upon self-report is difficult due to the challenge in measuring sex
behavior objectively. Self-reported behavior is often not highly
associated with HIV infection, an observation that may be due to
social desirability bias, measurement error, sexual network
characteristics (which can increase risk independently of individual
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behavior) [2], as well the possibility that people have safe sex with
risky partners and risky sex with safe partners [41]. Previous
attempts at measuring other stigmatized behavior using network
data such as substance use among adolescents have been limited
because they lacked a validation standard (such as a toxicology
assessment) and because the network was mostly limited to dyads
(two individuals). To address these limitations, our model
incorporated the plurality of network reports on a given individual.
Network reports and each individual’s network position resulted in
a sex behavior classification for each individual. This new sex
behavior classification was then compared against each individ-
ual’s HIV serostatus. The new classification was found to be more
congruent with what would be expected from biologic transmis-
sion related to specific sex behaviors as compared to behaviors
reported by individuals about themselves.

The reason for modest congruence between the network model
and self-reported sex behavior is likely driven by the potential
response bias secondary to social desirability of self-reported
behaviors. However, it may also be driven by dissonance between
a sexual identity typical in the Indian context [42], of fixed sex-
behavior roles that may be incongruous by the objective
observations of sex behaviors by network members. For example,
one may consider himself as the insertive partner and assume such
an identity, however, when in sex-venues where transactional sex
occurs, participate as a receptive partner. One would then expect
that these individuals would subsequently have higher rates of
HIV as compared to individuals whose self-identity matched
behavior; which is what we found in our biomarker validation.
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Figure 7. HIV seroprevalence of MSM according to network predictions (dark line) of sex roles and self-report of sex role (red). The
network predictions (black line) reveal higher HIV seroprevalence among receptive MSM and lower HIV seroprevalence among insertive MSM as
compared to self-reported sex positions (dotted red line). These higher and lower HIV seroprevalence rates designated by network predictions match
the direction in which biologic HIV transmission differences would confer HIV seroprevalence among receptive (black line is higher) and insertive

(black line is lower) MSM.
doi:10.1371/journal.pone.0101416.g007

The approach discussed in this paper offers an important step in
moving beyond the monolith of self-report data which form the
current foundation of most HIV prevention research. This
conventional approach can lead to potential systematic underes-
timation of sex behavior in cases of heterogeneous risk potential
(such as the MSM case), which in turn can limit the interpretation
and implementation of HIV research results. By removing these
limitations, the new approach might, for example, allow for
emerging biomedical interventions to be distributed more
efficaciously to individuals more at risk, such as self-described
“msertive” MSM who also assume receptive sex positions. A
digitally-derived network model that leverages hybrid network
analytic approaches improves inference of sex behavior in
emerging global HIV epidemics. The increasing availability of

References

1. Des Jarlais DC, Paone D, Milliken J, Turner CF, Miller H, et al. (1999) Audio-
computer interviewing to measure risk behaviour for HIV among injecting drug
users: a quasi-randomised trial. Lancet 353: 1657-1661.

2. Minnis AM, Steiner MJ, Gallo MF, Warner L, Hobbs MM, et al. (2009)
Biomarker validation of reports of recent sexual activity: results of a randomized
controlled study in Zimbabwe. Am J Epidemiol 170: 918-924.

3. Pequegnat W, Fishbein M, Celentano D, Ehrhardt A, Garnett G, et al. (2000)
NIMH/APPC workgroup on behavioral and biological outcomes in HIV/STD
prevention studies: a position statement. Sex Transm Dis 27: 127-132.

4. Aral SO, Peterman TA (2002) A stratified approach to untangling the
behavioral/biomedical outcomes conundrum. Sex Transm Dis 29: 530-532.

5. Brewer DD, Potterat JJ, Muth SQ, Malone PZ, Montoya P, et al. (2005)
Randomized trial of supplementary interviewing techniques to enhance recall of
sexual partners in contact interviews. Sexually Transmitted Diseases 32: 189—
193.

6. Adams J, Moody J (2007) To tell the truth: Measuring concordance in multiply
reported network data. Social Networks 29: 44-58.

PLOS ONE | www.plosone.org

digital communication technology among international popula-
tions could allow for greater inference capacity as well as
dissemination of future HIV interventions.

Acknowledgments

The authors would like to thank James Evans and Don Fette for useful
comments.

Author Contributions

Conceived and designed the experiments: JS. Performed the experiments:
AK JS GO. Analyzed the data: AK JS DH SM PS. Wrote the paper: JS
DH SM GO EL.

7. lannotti RJ, Bush PJ (1992) Perceived Vs Actual Friends Use of Alcohol,
Cigarettes, Marijuana, and Cocaine-Which Has the Most Influence. Journal of
Youth and Adolescence 21: 375-389.

8. Valente TW, Watkins SC, Jato MN, VanderStraten A, Tsitsol LPM (1997)
Social network associations with contraceptive use among Cameroonian women
in voluntary associations. Social Science & Medicine 45: 677-687.

9. Brewer DD, Rothenberg RB, Muth SQ, Roberts JM Jr, Potterat JJ (2006)
Agreement in reported sexual partnership dates and implications for measuring
concurrency. Sex Transm Dis 33: 277-283.

10. Helleringer S, Kohler HP, Kalilani-Phiri L, Mkandawire J, Armbruster B (2011)
The reliability of sexual partnership histories: implications for the measurement
of partnership concurrency during surveys. AIDS 25: 503-511.

11. Kossinets G, Watts DJ (2006) Empirical analysis of an evolving social network.
Science 311: 88-90.

12. Onnela JP, Saramaki J, Hyvonen J, Szabo G, Lazer D, et al. (2007) Structure
and tie strengths in mobile communication networks. Proc Natl Acad Sci U S A
104: 7332-7336.

13. Eagle N, Pentland AS, Lazer D (2009) Inferring friendship network structure by
using mobile phone data. Proc Natl Acad Sci U S A 106: 15274-15278.

July 2014 | Volume 9 | Issue 7 | 101416



14.
15.

22.

23.

24.

26.

27.

28.

Krackhardt D (1987) Cognitive Social-Structures. Social Networks 9: 109-134.
Marsden PV (2005) Recent Developments in Network Measurement. In:
Carrington PJ, Scott J, Wasserman S, editors. Models and Methods in Social
Network Analysis. New York: Cambridge University Press.

. Boily MC, Baggaley RF, Wang L, Masse B, White RG, et al. (2009)

Heterosexual risk of HIV-1 infection per sexual act: systematic review and
meta-analysis of observational studies. Lancet Infect Dis 9: 118-129.

. Baggaley RF, White RG, Boily MC (2010) HIV transmission risk through anal

intercourse: systematic review, meta-analysis and implications for HIV
prevention. International Journal of Epidemiology 39: 1048-1063.

. Bates DM, Maechler M (2009) Ime4: Linear mixed-effects models using S4

classes. R package version 0999375-32.

. Hoff PD (2003) Random effects models for network data. In Dynamic Social

Network Modeling and Analysis: Workshop Summary and Papers. Dynamic
Social Network Modeling and Analysis: Workshop Summary and Papers:
National Academies Press. 303-312.

. Valleroy LA, MacKellar DA, Karon JM, Rosen DH, McFarland W, et al. (2000)

HIV prevalence and associated risks in young men who have sex with men.
Young Men’s Survey Study Group. JAMA 284: 198-204.

. Diaz RM, Ayala G, Bein E, Henne J, Marin BV (2001) The impact of

homophobia, poverty, and racism on the mental health of gay and bisexual
Latino men: findings from 3 US cities. Am J Public Health 91: 927-932.
Adafruit (2012) SIM Reader. Adafruit Industries. Available: http://www.
ladyada.net/make/simreader/Last accessed July 22, 2012.

pySIM (2012). Available: http://www.ladyada.net/make/simreader/download.
html.Accessed July 22, 2012.

Freeman LC (1977) A set of measures of centrality based on betweeness.
Sociometry 40: 35—40.

. Valente TW, Fujimoto K (2010) Bridging: Locating Critical Connectors in a

Network. Soc Networks 32: 212-220.

Dandona L, Dandona R, Gutierrez JP, Kumar GA, McPherson S, et al. (2005)
Sex behaviour of men who have sex with men and risk of HIV in Andhra
Pradesh, India. Aids 19: 611-619.

Simoni JM, Nelson KM, Franks JC, Yard SS, Lehavot K (2011) Are Peer
Interventions for HIV Efficacious? A Systematic Review. AIDS Behav.
Medley A, Kennedy C, O’Reilly K, Sweat M (2009) Effectiveness of peer
education interventions for HIV prevention in developing countries: a systematic

review and meta-analysis. AIDS Educ Prev 21: 181-206.

. Morrison DM, Casey EA, Beadnell BA, Hoppe M]J, Gillmore MR, et al. (2007)

Effects of friendship closeness in an adolescent group HIV prevention
intervention. Prev Sci 8: 274-284.

PLOS ONE | www.plosone.org

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

Sex Behavior Inference

Schneider JA, McFadden RB, Kumar P, Gandham SR, Oruganti G, et al.
(2012) Candidate change agent identification among men at risk for HIV
infection. Social Science and Medicine 75: 1192-1201.

Dandona L, Lakshmi V, Sudha T, Kumar GA, Dandona R (2006) A
population-based study of human immunodeficiency virus in south India reveals
major differences from sentinel surveillance-based estimates. BMC Medicine 4:
1-19.

NACO Guidlines of HIV Testing. NACO, Minsitry of Health and Family Welfare:
2007. Available: http://www.nacoonline.org/upload/Final%20Publications/
Blood%20Safety/ GUILDELINES %20FOR %20HIV %20 TESTING.pdf. Accessed
19 September 2012.

Snyder H, Yeldandi VV, Prem Kumar G, Liao C, Lakshmi V, et al. (2012)
Field-Based Video Pre-Test Counseling, Oral Testing, and Telephonic Post-Test
Counseling: Implementation of an HIV Field Testing Package Among High-
Risk Indian Men. AIDS Educ Prev 24: 309-326.

Freeman LC (1979) Centrality in social networks: Conceptual clarification. Soc
Networks 1.

. Airoldi EM, Blei DM, Fienberg SE, Xing EP (2008) Mixed Membership

Stochastic Blockmodels. Journal of Machine Learning Research 9: 1981-2014.
Valente TW (2010) Social Networks and Health. Models, Methods and
Application. Oxford: Oxford University Press.

Borgatti SP, Molina JL (2003) Ethical and Strategic Issues in Organizational
Social Network Analysis. The Journal of Applied Behavioral Science 39: 337—
349.

Kadushin C (2005) Who benefits from network analysis: ethics of social network
research. Social Networks 27: 139-153.

Hemmige V, Snyder H, Liao C, Mayer K, Lakshmi V, et al. (2011) Sex position,
marital status, and HIV risk among Indian men who have sex with men: clues to
optimizing prevention approaches. AIDS Patient Care STDS 25: 725-734.
Schneider JA, Michaels S, Gandham SR, McFadden R, Liao CH, et al. (2012) A
Protective Effect of Circumcision Among Receptive Male Sex Partners of Indian
Men Who Have Sex with Men. Aids and Behavior 16: 350-359.

Peterman TA, Lin LS, Newman DR, Kamb ML, Bolan G, et al. (2000) Does
measured behavior reflect STD risk? An analysis of data from a randomized
controlled behavioral intervention study. Sexually Transmitted Diseases 27:
446-451.

Asthana S, Oostvogels R (2001) The social construction of male ‘homosexuality’
in India: implications for HIV transmission and prevention. Soc Sci Med 52:
707-721.

July 2014 | Volume 9 | Issue 7 | 101416


http://www.ladyada.net/make/simreader/Last
http://www.ladyada.net/make/simreader/Last
http://www.ladyada.net/make/simreader/download.html
http://www.ladyada.net/make/simreader/download.html
http://www.nacoonline.org/upload/Final%20Publications/Blood%20Safety/GUILDELINES%20FOR%20HIV%20TESTING.pdf
http://www.nacoonline.org/upload/Final%20Publications/Blood%20Safety/GUILDELINES%20FOR%20HIV%20TESTING.pdf

