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Abstract

Alternatives to convenience sampling are needed for HIV/STI surveillance of most-at-risk 

populations in Latin America. We compared Convenience Sampling [CS], Time Space Sampling 

[TSS], and Respondent Driven Sampling [RDS] for recruitment of men who have sex with men 

(MSM) and transgender women (TW) in Lima, Peru.  During concurrent 60-day periods from 

June-August, 2011, we recruited MSM/TW for epidemiologic surveillance using CS, TSS, and 

RDS.  A total of 748 participants were recruited through CS, 233 through TSS, and 127 through 

RDS. The TSS sample included the largest proportion of TW (30.7%) and the lowest percentage 

of subjects who had previously participated in HIV/STI research (14.9%).  The prevalence of 

newly diagnosed HIV infection, according to participants’ self-reported previous HIV diagnosis, 

was highest among TSS recruits (17.9%) compared with RDS (12.6%) and CS (10.2%).  TSS 

identified diverse populations of MSM/TW with higher prevalences of HIV/STIs not accessed by

other methods.  

Key Words: MSM, Latin America, Respondent-Driven Sampling, Time Space Sampling
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Resumen

Alternativos al muestreo por conveniencia son necesarios para la vigilancia de VIH/ITS en 

poblaciones de alto riesgo en Latinoamérica. Hicimos una comparación de Muestreo por 

Conveniencia (MC), Muestreo de Tiempo y Espacio (TSS) y Muestreo Dirigido por Participante 

(RDS) para reclutar hombres que tienen sexo con hombres (HSH) y Mujeres Trans en Lima, 

Perú. Durante periodos concurrentes de 60 días entre Junio y Agosto de 2011, reclutamos HSH y 

Mujeres Trans para una vigilancia centinela usando MC, TSS, y RDS. En total, reclutamos a 748 

participantes por MC, 233 por TSS, y 127 por RDS.  El muestreo de TSS contó con la 

proporción más grande de Mujeres Trans (30.7%) y el porcentaje más pequeño de sujetos que 

participaron en investigaciones anteriores de VIH/ITS (14.9%).  La prevalencia de nuevos casos 

diagnosticados de VIH (según el auto-reporte de los participantes de su historia de VIH) fue más 

alto en los participantes reclutados por TSS (17.9%) con respecto a RDS (12.6%) y MC (10.2%).

TSS identificó a poblaciones de HSH y Mujeres Trans con alta prevalencia de VIH/ITS que no 

fueron reclutados por los otros métodos.  
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Introduction

Routine epidemiologic surveillance of HIV and other sexually transmitted infections 

[STIs] is a central component of public health efforts to control the spread of infection.  Effective

surveillance can help determine patterns of disease transmission, identify developing 

epidemiologic trends, and inform decisions regarding the allocation of limited resources.  

Although random population sampling is the gold standard for epidemiologic estimates, use of 

this method to sample minority subpopulations is difficult, costly, and time-consuming and 

requires a detailed knowledge of the population’s parameters. Assessment and refinement of new

surveillance methods to describe the HIV epidemics in most-at-risk populations in developing 

country contexts is a central challenge for epidemiologic research (1-3).

Epidemiologic studies in Peru have consistently identified men who have sex with men 

[MSM] and transgender women [TW] as populations at high risk for HIV/STI acquisition, with 

the prevalence of HIV estimated between 10-24% in these groups (4-9).  Since 1996, periodic 

surveillance of MSM/TW in Peru has been conducted using Convenience Sampling [CS] 

methods where peer outreach workers recruit participants from community venues, including 

bars, discos, saunas, volleyball courts, and public parks frequented by MSM/TW (4).  These 

studies have provided key information on patterns of HIV/STI prevalence in the population, but 

the generalizability of their findings has been limited by a lack of systematic, random selection 

methods or statistical measures to adjust prevalence estimates.

Alternative sampling methods, including Time Space Sampling [TSS] and Respondent-

Driven Sampling [RDS] have been suggested as potential epidemiologic surveillance tools for 

MSM/TW in Latin America, but have not been thoroughly evaluated for use in this context. TSS 
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methodology includes a preliminary ethnographic mapping process in which MSM/TW-

associated venues and patterns of attendance are detailed (10-12).  Time intervals when a 

minimum number of potential participants can be found at each venue are then divided into 

discrete Venue-Date-Time (VDT) units and randomly selected to assemble a recruitment 

schedule during which a random selection of visitors are invited to participate.  In addition to the 

multistage, random selection of VDT units and individual visitors in each VDT, TSS estimates 

can be weighted according to the sampling frame of VDTs randomized and the sampling fraction

of potential participants counted and actual participants enrolled at each VDT. Barriers to use of 

TSS for surveillance have been both practical, due to the high cost and infrastructure 

requirements of TSS, and methodological, including the substantial design effect requiring the 

enrollment of a large number of subjects in comparison to simple random sampling in order to 

obtain accurate and precise estimates (3, 13).  Statistically, TSS estimates are based on the 

assumptions that all potential socialization venues are included in the sampling frame and that 

identification and enrollment of subjects during each VDT is truly random (13-15). Particularly 

important for surveillance of MSM/TW populations, TSS also does not account for members of 

“hidden” subpopulations that do not attend public socialization venues (e.g., non-gay identified 

MSM) (16-19). 

In contrast to the location-based recruitment of TSS, Respondent Driven Sampling (RDS)

uses samples derived from participants’ social networks to calculate population-scale estimates 

of risk behavior and disease prevalence (20-22).  Also following an ethnographic mapping 

process, socially well-connected “seed” participants are recruited and asked to invite eligible 

contacts from their social networks to enroll.  Participants recruited by seeds are then asked to 

recruit additional individuals from their networks in successive “waves.”  To satisfy RDS 
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assumptions, participant recruitment requires several key elements: 1) Participants and their 

recruits have a pre-existing relationship; 2) The size of each participant’s social network (the 

potential sampling frame) is documented; and 3) The total number of recruitment coupons 

distributed to each participant is limited.  By including these conditions, RDS analysis will 

ideally enroll a large enough number of participants in a sufficient number of recruitment waves 

to achieve equilibrium (where the enrollment of additional participants does not substantially 

alter the sample’s population estimates) and produce prevalence estimates representative of the 

entire population of interest (11, 15, 23-27).  Unlike TSS, RDS methods require minimal 

infrastructure and personnel involvement and can be easily implemented in limited resource 

settings.  As with TSS, RDS analysis has been found to have a substantial design effect when 

compared to simple random sampling (28-31).  In addition, factors including geographic patterns

of socialization, social and sexual network formation, and power dynamics based on social and 

economic status are also likely to influence peer recruitment and bias data collection (32, 33).  If 

unsuccessful in overcoming these limitations, RDS estimates run the risk of characterizing 

individual social networks rather than the population as a whole (34-36). 

CS, TSS, and RDS have all been used for epidemiologic surveillance in Latin America, 

but evidence directly comparing the methods for MSM/TW recruitment is limited (37-48). 

Researchers in Fortaleza, Brazil compared samples of MSM recruited using TSS and RDS 

during chronologically distinct recruitment periods (TSS in 2002 and RDS in 2005), finding that 

RDS recruited more participants from lower socioeconomic strata faster and at a lower cost than 

TSS (42).  An analysis of black MSM in San Francisco also found that RDS recruitment led to a 

more diverse sample with a greater prevalence of behavioral risk factors for HIV infection than 

TSS (49).  In a recently published simultaneous comparison of recruitment methods for MSM in 
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Guatemala, RDS was less costly than TSS and more successful in recruiting subjects from 

difficult-to-access populations, including heterosexual-identified MSM, men who reported sex 

with men and women (MSMW), and male sex workers (19).  However, participants recruited 

through TSS represented more diverse geographic areas and were less likely to have participated 

in previous HIV prevention activities.  In order to optimize HIV/STI surveillance of MSM/TW 

populations in Latin America, and before allocating significant public health resources to any 

specific sampling technique, each method’s operational and recruitment characteristics should be

assessed within local social, epidemiologic, and infrastructural contexts.  In order to provide an 

empiric comparison of representative sampling methods and inform future HIV/STI surveillance 

methods in Lima, Peru, we conducted a pilot evaluation of CS, TSS, and RDS for recruitment of 

MSM/TW.
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Methods

We staged a simultaneous evaluation of CS, RDS, and TSS between June and August, 

2011.  The three recruitment methods were initiated simultaneously and continued concurrently 

until the end of the 8-week study period.  Using data from previous surveillance studies in Peru 

and assuming 3% precision to estimate a 22% prevalence of HIV infection in the CS arm, 

enrollment in any individual recruitment arm was limited to a pre-specified maximum of 750 

participants.  Due to the absence of previous data using TSS or RDS methods to sample MSM 

populations in Peru, the sample size necessary to assess statistical differences between 

recruitment arms was not pre-determined.  Eligibility was limited to persons born anatomically 

male who reported oral or anal intercourse with a male or transgender partner in the previous 12 

months.  Participants were enrolled at one of three clinic sites during daytime operating hours 

(for CS, RDS, and TSS) or in a mobile counseling and testing unit available according to a 

randomly generated, venue-based recruitment schedule (for TSS only).  All participants received 

10 Nuevos soles (approximately $4.00 USD) as compensation.  

Participants completed a 40-question survey addressing demographic data, sexual 

identity, sexual behavior, previous HIV/STI testing, and prior participation in HIV/STI research 

or surveillance studies.  Participants who enrolled at clinic sites completed the survey using a 

computer-assisted self-interviewing [CASI] system.  Due to security concerns regarding 

computer use at field venues, participants enrolled in the mobile unit were interviewed by study 

staff using a paper survey.  

All participants received rapid testing for HIV (Determine HIV-1/2 Rapid Antibody Test; 

Abbott, USA) and syphilis (Bioline Syphilis 3.0; Standard Diagnostics, Korea).  Preliminary test 
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results were provided in conjunction with post-test counseling after completing the study survey. 

Confirmatory HIV (Genetic Systems Western Blot; Biorad, USA) and/or syphilis (MHA-TP; 

Organon Teknika, USA) test results were available at clinic sites within two weeks.  Samples 

from individuals with confirmed HIV infection were tested for recent HIV acquisition using a 

“detuned” EIA (Vironostika, Organon Teknika, USA) with an optical density cut-off of 0.75 used

to define recent infection.  Participants were defined as having newly diagnosed HIV infection if 

they had laboratory-confirmed evidence of HIV infection and denied previously testing positive 

for HIV.  Participants newly diagnosed with HIV infection were referred to Ministry of Health 

treatment programs.  Participants with untreated syphilis infection received antibiotic therapy 

according to Ministry of Health guidelines.  

The study protocol and consent forms were approved by the ethics committees of 

Asociación Civil Impacta Salud y Educación, Asociación Civil Vía Libre, and University of 

California, Los Angeles in compliance with all international regulations regarding the protection 

of human subjects.

Ethnographic Mapping

Prior to initiating enrollment, an ethnographic mapping process was completed to 

document venues frequented by MSM/TW in Lima, including bars, discos, saunas, pornographic 

movie theaters, commercial sex zones, and public spaces; characterize patterns of socialization, 

including venue attendance by MSM/TW from different sexual identity sub-groups, including 

TW, gay-identified MSM, and non-gay identified MSM; and identify popular opinion leaders in 

local MSM/TW communities, through participant observation and informal interviewing 

techniques.  Five mapping teams composed of five surveyors and one supervisor each were 

assigned to each of five major geographic zones of Lima-Callao (Lima Norte, Lima Este, Lima 
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Sur, Lima Ciudad, and Callao). Using information collected during previous surveillance efforts 

as a baseline and incorporating word-of-mouth notification of new or emerging venues, mapping 

teams collected updated ethnographic information on MSM/TW socialization venues and 

networks. 

Information from the ethnographic mapping process was used in all three of the sampling

methods.  An initial survey in July, 2010 confirmed the continued operation of 478 venues 

identified during previous mapping and located 263 previously unreported venues.  In a follow-

up survey completed between May and June, 2011 all 741 sites named in the 2010 map were re-

visited by a single team to confirm continued operation of the site and to determine the 4-hour 

time intervals during which a minimum of 20 different MSM/TW visited the venue.  

Venue mapping data was used to inform convenience sampling by community-based peer

outreach workers, though no systematic recruitment or sampling methods were specified for this 

arm.  For the RDS arm, information on popular opinion leaders in local communities was used to

help select socially well-connected seeds from diverse sub-populations of MSM/TW (gay-

identified MSM, non-gay-identified MSM, transgender women, and male sex workers).  

However, no specific data on social network patterns of interaction (network density, frequency 

of interaction between network members) or influence among MSM/TW (popular opinion 

leaders) was collected prior to the study.  For the TSS arm, specific information on location of 

MSM/TW venues and attendance patterns was used to define the sampling frame. 

Convenience Sampling

Convenience sampling procedures were identical to those used during previous 

epidemiologic surveillance studies in Peru (4).  Community-based outreach workers were 
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provided with information from the ethnographic mapping procedure to help them identify 

potential sites for participant recruitment, though specific recruitment sites or hours were not 

defined.  Outreach workers screened potential participants for eligibility and either referred 

eligible subjects to one of three geographically distributed clinic sites or, most often, 

accompanied participants to the site for enrollment.  Outreach workers were compensated on a 

sliding scale, with compensation ranging from 20 Soles  ($8 USD) per participant if less than 5 

participants were enrolled to 40 soles per participant ($16 USD) for workers who enrolled more 

than 15 participants.

Time Space Sampling

TSS recruitment was based on a two-stage, random selection of MSM/TW visitors during

randomly selected 4-hour Venue-Date-Time (VDT) units. The sampling frame for VDT selection

was limited to venues and time intervals where a minimum of 20 MSM/TW visitors had been 

observed during the ethnographic mapping process and stratified by geographic area: 1) 

Downtown Lima (Lima Cercado) and 2) Outer Districts of Lima.  A non-random recruitment 

event was also scheduled to coincide with Lima’s Marcha de Orgullo Gay (Gay Pride Parade).  

Prior to each field recruitment session, a member of the study staff re-visited the scheduled site 

to confirm minimum attendance and participant availability at the selected time interval and to 

secure cooperation of the owner (if the VDT involved a commercial venue).  If the VDT did not 

meet minimum attendance criteria, if the owner declined permission for recruitment, or if the site

was otherwise deemed unsuitable, an alternative VDT from the same geographic area was 

randomly selected and the confirmation process repeated.
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Each VDT unit was staffed by one Counter, three Recruiters, and two Interviewers in a 

mobile unit containing two separate interviewing/testing spaces.  The Counter enumerated all 

men and transgender women who crossed a pre-determined point of entry to the venue during the

4-hour interval.  Recruiters approached potential participants, screened for eligibility, and 

escorted participants to the mobile unit to complete study procedures.  If both counseling and 

testing spaces were occupied, potential participants were provided with a recruitment card 

containing information about the study, the address and operating hours of the clinic enrollment 

sites, and an invitation to visit one of the sites for enrollment.  Recruitment cards included a 

numeric code to allow tracking of participant enrollment by VDT.

Respondent Driven Sampling

Based on data obtained during ethnographic mapping, 12 socially well-connected seed 

participants were purposively selected to obtain diverse representation of major MSM/TW 

subgroups identified during previous research (3 Heterosexual/Bisexual MSM, 3 Homosexual 

MSM, 3 Transgender Women, and 3 Non-Transgender Male Sex Workers).  Due to slow initial 

recruitment in the RDS arm, an additional 12 seeds with similar characteristics were enrolled in 

Week 3.  Seed participants and recruits received brief instruction on RDS recruitment and were 

provided with 5 recruitment coupons to distribute to MSM/TW in their social network.  RDS 

participants were paid a flat fee of 15 Nuevos soles ($6.00 USD) for each of their recruits who 

enrolled.  RDS coupons were identical to the cards administered during TSS recruitment and 

included a numeric code to allow tracking of enrollment by participant referral networks.  
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Data Analysis

For the comparison of participant characteristics between recruitment samples, data from 

CS and RDS recruitment arms were analyzed as crude, or unweighted, estimates while data from

the TSS arm was analyzed as a weighted sample.  For CS and RDS arms, prevalence estimates 

were calculated as percentages with 95% confidence intervals.  For the TSS arm, analyses were 

stratified by venue district (Downtown Lima vs. Outer Districts) and adjusted for clustering by 

recruitment venue using the svyset command in Stata 11.0 (Stata Corporation, College Station, 

TX).  Using the VDT as the primary sampling unit, TSS estimates were weighted according to 

the probability of recruiting an individual participant from a specific VDT.  Sampling estimates 

were weighted according to the size of the VDT sampling frame (Number of VDTsSelected / 

Number of VDTsSampling Frame), and the number of visitors to each VDT as a fraction of visitors 

counted across all VDTs (Number of VisitorsVDT / Number VisitorsAll VDTs) divided by the number 

of participants enrolled at each VDT as a fraction of all participants enrolled (Number 

EnrolledVDT/Number EnrolledAll VDTs) (12).  No adjustments were made to account for participant 

refusal or for attendance at multiple VDTs by a single individual.  Due to the small size and 

limited number of recruitment waves in the RDS sample, no adjusted RDS analysis was 

performed (47). 

Differences between participants in the three recruitment arms (socio-demographic 

variables, sexual identity, sexual risk behavior, and HIV/STI prevalence) were explored using 

contingency tables.  Differences in categorical variables including demographics, sexual risk 

behavior, and HIV/STI prevalence were compared between the CS and TSS arms using unpooled

Z-tests (calculated as the difference between the two sample estimates divided by the square root 
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of the sum of their variances).  RDS data was not included in the statistical comparisons due to 

the small number of participants recruited through this method.  
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Results

A total of 748 participants were recruited through CS, 233 through TSS, and 127 through 

RDS.  In the TSS sample, a total of 20,062 potential participants were enumerated during 40 

recruitment visits to 34 different venues (11 Public Areas, 9 Discos, 5 Commercial Sex Venues, 3

Saunas, 3 Video/Theaters, 3 Restaurants/Bars, and 1 Special Event).  A total of 1,207 men or TW

were approached by recruiters, of whom 1,096 met eligibility criteria and 203 were enrolled in 

the mobile unit.  An additional 466 eligible contacts were provided with recruitment coupons, of 

whom 30 subsequently presented to clinic sites for enrollment.  In the RDS sample, 24 seed 

participants recruited a total of 103 participants, with a median of 1 recruitment wave (Range: 0-

6) and 3 participants enrolled (Range: 1-42) per recruitment chain.  

Characteristics of participants’ age, education, sexual identity/role, sexual behavior, and 

HIV testing history are described in Table I.  Qualitatively, the TSS sample included larger 

proportions of both TW and heterosexual-identified MSM compared with the CS and RDS 

samples, which included greater proportions of gay- and bisexual-identified MSM.  Statistically, 

the TSS sample, when compared with the CS group, had significantly larger proportions of both 

TW and of participants who recently provided sex in exchange for money or goods, though not 

of those who self-identified as sex workers.  The prevalence of self-reported unprotected 

insertive (though not receptive) anal intercourse was significantly lower among participants in 

the TSS sample compared with the CS arm.

The size of participants’ MSM/TW social networks, frequency of venue attendance, 

previous involvement with LGBT community or political organizations, and prior participation 

in HIV/STI surveillance and/or research studies are reported in Table II.  Participants in the TSS 
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sample more frequently reported attending an MSM/TW venue at least once a month (e.g., bars, 

discos, saunas, private gatherings, or public cruising areas associated with MSM/TW), but less 

commonly described previous participation in HIV/STI-related research than participants in the 

other arms, all of which were statistically significant in comparisons between the CS and 

weighted TSS estimates.  The prevalence of newly diagnosed HIV infection (according to 

participants’ self-report of a previous HIV diagnosis) was significantly higher in the weighted 

TSS estimate compared with the CS sample (17.9% in TSS and 10.2% in CS; p<0.01), and the 

difference in overall HIV prevalence between the TSS and CS samples had a trend toward 

statistical significance (20.1% and 13.4%, respectively; p=0.06).  A qualitative, though not 

statistically significant, difference in the prevalence of recently acquired HIV infection 

(according to detuned EIA) was also observed (2.8% in TSS versus 1.1% in CS; p=0.33)  (Figure

1).  No significant differences in syphilis infection were noted, with a high prevalence of disease 

observed across all recruitment arms.
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Discussion

Our findings provide empirical data on the operational efficiency and population 

characteristics of MSM/TW recruited for epidemiologic surveillance using three different 

sampling methodologies in Lima, Peru.  All three methods enrolled a diverse sample of 

MSM/TW within a limited time period, though with significant differences in both operational 

and participant recruitment characteristics.  Our empiric comparison underlines important 

differences in the potential use of these methodologies as frameworks for epidemiologic 

surveillance of MSM/TW in Latin America.  

Convenience Sampling was effective at recruiting a large number of participants within a 

brief period of time with minimal resource requirements.  However, the lack of statistical 

representativeness necessary for population-level estimates of HIV/STI prevalence and 

associated risk behaviors limits the potential use of this methodology for epidemiologic 

surveillance.  Although continued use of CS recruitment methods could contribute to greater 

comparability of future surveillance surveys with previous findings, the resulting statistical 

estimates may not accurately reflect the prevalence of disease or associated risk behaviors in the 

MSM/TW population as a whole. Accordingly, future epidemiologic surveillance would ideally 

be based on alternative methods capable of recruiting statistically representative samples of 

MSM and TW populations in Peru.

In our study, Respondent Driven Sampling suffered from a low rate of enrollment that 

affected recruitment efficiency and undermined the potential validity of resulting population 

estimates.  These findings are in striking contrast to other studies that have successfully used 

RDS for recruitment of MSM/TW in other areas of the world, including several studies in Latin 

18



America (19, 25, 42, 47, 50-52).  Specific factors that may have impaired RDS recruitment in 

our study include the low productivity of the seed participants, the lack of information on the 

size and interconnectedness of participants’ social networks, the geographic and/or temporal 

availability of enrollment sites, and the low perceived value of the incentives offered.  RDS 

recruitment suffered from both a large number of non-productive seeds and a small number of 

recruitment waves achieved: 52.4% of the non-seed sample was derived from two recruitment 

chains, and only three out of twenty-four chains achieved at least three waves of non-seed 

recruitment.  Previous studies seeking to define characteristics of “productive” RDS seeds have 

found that factors including social network density, the strength of ties within the social network,

and the number of social contacts with study-relevant behavior (though not the size of the seed 

participant’s network) are all important for predicting recruitment activity (53).  While our 

formative research used participant observation to identify well-connected individuals with large 

social networks of MSM/TW, we did not assess the density or strength of ties either within seed 

participants’ networks or among Peruvian MSM/TW generally.  Other material factors that may 

have impaired RDS recruitment include the limited availability of enrollment sites and the low 

value of the enrollment incentives.  Although our three enrollment sites were geographically 

distributed across the city, Lima’s sprawling urban landscape resulted in substantial time and 

travel requirements for many participants to attend one of the sites during daytime operating 

hours for a financial incentive that, in light of Peru’s rapidly growing economy, may have been 

perceived as low (32).  A recent case study of RDS methods in San Francisco has suggested that 

traditional recruitment procedures may need to be tailored to the specific conditions of the 

population of interest in order to be effective (54).  Illustrating this point, previous research 

conducted by members of our team was successful in using RDS to recruit TW in Lima, but was 
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aided by the dense social networks connecting Peruvian TW, and supplemented traditional RDS 

enrollment sites with field recruitment procedures that removed many of the practical barriers to 

recruitment discussed here (47).  As a result, we suggest that RDS can be an effective method for

sampling discrete populations connected by dense social networks, but may require substantial 

procedural modifications in order to be effective for epidemiologic surveillance of large, diverse,

geographically diffuse populations with varying degrees of social interconnectedness, such as 

MSM/TW in Peru.

In contrast, TSS was effective in recruiting a large number of participants from 

previously undersampled populations during a brief time frame, but was also limited by a low 

rate of participant enrollment at traditional study sites. TSS was most effective during field-based

recruitment, where the primary restrictions on enrollment were the limited space available in the 

mobile unit (two private counseling and testing spaces) and the length of time required for each 

participant to complete study procedures (45-60 minutes) within each four-hour VDT unit.  

Similar to the RDS arm, the percentage of TSS participants invited to participate in the field who

later enrolled at one of the study sites was small (6.4% of all MSM/TW who received coupons, 

or 12.9% of the total TSS sample).  In this context, strategies to increase interviewing capacity 

and limit time requirements for field interviewing and testing procedures could expand the 

number of participants recruited per VDT and substantially increase the efficiency of TSS 

enrollment.  

From an epidemiologic standpoint, TSS succeeded in identifying a population sample 

distinct from those identified through CS, with greater representation of previously hidden 

subpopulations including TW, more extensive connections to venues and social networks 

associated with MSM/TW, a lower degree of involvement in prior HIV/STI research, and a 
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higher prevalence of previously undiagnosed HIV infection.  (Due to the small number of 

participants recruited through RDS, epidemiologic comparisons are limited to the CS and TSS 

samples.)  In the TSS arm, 14.9% of participants reported prior participation in HIV/STI-related 

research, compared with 31.6% of the CS arm (p<0.01).  At the same time, individuals recruited 

through TSS reported more frequent attendance at MSM/TW venues than CS-recruited 

participants (attendance at least once per month by 90.6% of TSS sample, compared with 59.7% 

of CS sample; p=0.02) and larger social networks of MSM/TW (Median number of recent social 

contacts = 10 in TSS sample, 5 in CS).  Participants in the TSS sample also maintained a trend 

towards a higher prevalence of HIV infection than in the CS arm (p=0.06), and a significantly 

higher prevalence of previously undiagnosed HIV (p<0.01).  Finally, the TSS sample included 

larger proportions of traditionally underrepresented subpopulations such as TW (p=0.02), though

the small scale of our study limits definitive statistical comparisons for recruitment of other 

sexual identity subgroups.  

Within this context, potential benefits of continued use of CS for surveillance include 

consistency with previous HIV/STI monitoring studies and recruitment of a participant sample 

that better represents the target population of existing prevention efforts (as indicated by the 

relatively high prevalence of participants reporting previous involvement in HIV/STI research).  

However, both the large proportion of MSM/TW recruited through TSS who had not participated

in previous investigations, and the high prevalence of undiagnosed HIV infection identified in 

the TSS sample suggest the importance of expanding both education and surveillance efforts to 

identify alternative MSM/TW populations that have not been reached through current public 

health surveillance and education systems.  The high degree of social connectedness observed 

among participants in the TSS arm (as measured by their frequency of venue attendance and the 
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size of their MSM/TW social networks) also suggests that this group is an important component 

of the MSM/TW population in Peru that should be accounted for in HIV/STI prevention efforts.  

As a result, weighted analysis of data collected from TSS samples may be the most effective 

method to accurately define and monitor developments in the diversity of sexual identities, 

sexual risk behavior, and HIV/STI prevalences of MSM/TW populations in Peru’s local context.

Our analysis includes several limitations that could restrict the generalizability of the 

findings.  The primary objective of the study was to conduct an empiric comparison of 

operational and population characteristics of different recruitment methods to inform the design 

of future epidemiologic surveillance efforts with MSM/TW in Peru and Latin America.  Our 

study was not designed to provide accurate, precise estimates of HIV/STI prevalence or 

associated risk behaviors among MSM/TW in Peru.  In the absence of an epidemiologic gold 

standard to determine the true prevalence of HIV/STIs and associated risk behaviors (e.g., truly 

random population surveys or census of the entire MSM/TW population), we are not able to 

verify the accuracy of the estimates obtained by the different sampling methods.  Due to the 

small size of our RDS and TSS samples, clustering of participant recruitment within specific 

social network chains or venues may have biased the observed participant characteristics.  In 

addition, the short time frame for recruitment and the relatively small sizes of the samples may 

not reflect the characteristics of the three methodologies as accurately as if recruitment had been 

allowed to continue over a longer period and enroll a greater number of participants.  Finally, the

use of different methods for survey completion (CASI for participants at clinic sites and paper 

surveys for participants at field venues) is likely to have influenced reporting of behavioral data, 

and may underlie the lower prevalence of unprotected anal intercourse observed among TSS 

participants.  A comparison of participants in the TSS arm who completed paper surveys at field 
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venues with those who completed CASI surveys at clinic sites found no substantial qualitative or

statistically significant differences in self-reported risk behavior (p>0.1 for all comparisons).  

Despite these limitations, our findings provide a unique source of empiric data comparing 

commonly used methods for epidemiologic surveillance in developing countries and will help 

inform Latin America’s future HIV/STI surveillance agenda.

Our findings provide data from a simultaneous, empiric comparison of CS, TSS, and 

RDS methods, highlighting the methodological and epidemiological issues involved in use of 

these strategies for epidemiologic surveillance of MSM/TW in Peru.  While CS was effective in 

recruitment of a large sample of the target population within a limited period of time, there 

remain important questions concerning how well the sample recruited represents the larger 

MSM/TW population.  In contrast to previous research, RDS was not effective for subject 

recruitment in our study, though none of the recruitment strategies that depended on potential 

participants visiting a study site for enrollment were as effective as those where participants were

escorted to the site by recruiters or enrolled in mobile field units.  TSS recruitment enrolled a 

sample with the greatest diversity of gender/sexual identity, lowest levels of self-reported sexual 

risk behavior, highest prevalences of undiagnosed HIV infection, and lowest frequency of 

participation in prior HIV/STI research. Decisions regarding which sampling method to use for 

future surveillance of MSM/TW in Latin America will depend on local contextual factors, 

including available resources, state of the regional HIV epidemic, and characteristics of 

MSM/TW social networks and community formations. 
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Table I. Estimates of Demographic Characteristics and Risk Behavior Prevalence of MSM/TW Samples Recruited 
Using Convenience Sampling, Time Space Sampling, and Respondent Driven Sampling; Lima, Peru 2011.
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Table II. Participation in Social Networks/Organizations/Venues of MSM/ TW Samples Recruited Using 
Convenience Sampling, Time Space Sampling, and Respondent Driven Sampling; Lima, Peru 2011.
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