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Abstract
Background—Respondent driven sampling (RDS) is a network-based method used to recruit
hidden populations. Since it is respondent-driven, RDS is prone to bias. However, these biases could
facilitate recruitment of high risk networks. We examined recruitment patterns of HIV-positive
injection drug users (IDUs) and identified factors associated with being recruited by an HIV-positive
IDU in a RDS-based study.

Methods—IDUs aged >=18, who injected within the last month and resided in Tijuana, Mexico,
were recruited using RDS and underwent interviews and testing for HIV, syphilis, and TB. Weighted
logistic regression was used to identify predictors of being recruited by an HIV-positive IDU.

Results—Of 1056 IDUs, HIV-positive subjects comprised 4.4% of the sample and generated 4.7%
of recruits, indicating that recruitment effectiveness did not vary by HIV-status. However, 10% of
the subjects recruited by HIV-positive recruiters were infected with HIV as compared to 4.1% of
subjects recruited by HIV-negative recruiters, (P=0.06), a difference that, after controlling for
whether the recruiter and recruit injected drugs together, attained statistical significance (P=0.04),
indicating that recruitment patterns differed by HIV-status. Factors independently associated with
being recruited by an HIV-positive IDU included lifetime syphilis infection, ever having sex with
an HIV-positive person, knowing someone with HIV/AIDS, being recruited at a shooting gallery,
having recently used the local needle exchange program, and having a larger number of recent arrests
for track-marks.

Conclusion—HIV-positive IDUs have different recruitment patterns than HIV-negative IDUs,
with HIV-positive IDUs tending to recruit other HIV-positive IDUs. Social and environmental factors
along with risk behaviors were independently associated with being the recruit of an HIV-positive
IDU in Tijuana. While the goal of this study was not to recruit HIV+ or other high-risk persons, our
results suggest that RDS has the potential to successfully be used in the identification of HIV+ or
other high risk individuals.

Respondent driven sampling (RDS) is a network-based method to recruit hidden
populations1 that is increasingly used in HIV-related studies of persons who engage in illicit

Correspondence: Steffanie A. Strathdee, Institute of the Americas, 10111 N. Torrey Pines Rd., La Jolla, CA, 92093-0507. Phone: 858
822-1952. Fax: 858 534 7566. sstrathdee@ucsd.edu.

NIH Public Access
Author Manuscript
Sex Transm Dis. Author manuscript; available in PMC 2010 December 1.

Published in final edited form as:
Sex Transm Dis. 2009 December ; 36(12): 750–756. doi:10.1097/OLQ.0b013e3181b0f311.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



drug use, commercial sex work, and men having sex with men.2–7, 9 RDS involves direct
recruitment of peers by their peers, a dual system of incentives, and a coupon system.
Recruitment starts with an initial set of subjects known as “seeds”, and continues in waves,
with “seeds” recruiting first-wave respondents, first-wave respondents recruiting the second-
wave respondents, and so on, until the final sample size is achieved. Respondents are typically
monetarily compensated for interview completion as well as for each peer that they successfully
recruit. A coupon system is used to monitor the recruitment quota (i.e. the number of peers one
can recruit into the study) and recruitment information is used to link recruiters to recruits.

RDS is an adaptation of traditional chain-referral sampling methods first introduced by
Coleman10 to study characteristics of social networks. It was specifically designed to eliminate
some of the biases associated with these methods, such as bias due to non-random selection of
seeds, volunteerism, and masking.1, 11–13 Although RDS can be successful in eliminating these
biases, it is prone to other sources of bias such as differential recruitment effectiveness,
differential recruitment patterns, and heterogeneity in degree.11–12, 14–15

Differential recruitment effectiveness occurs when some groups are better at recruiting than
others. When this occurs, the group with better recruitment effectiveness usually becomes over-
represented in the sample.11 Over-representation takes place when the population is
homophilous (i.e. its members are more likely to connect with other individuals who are similar
to themselves), the opposite being true for heterophilous populations (i.e. its members are more
likely to connect with other individuals who are dissimilar to themselves). However, since most
populations are homophilous, over-representation of groups with better recruitment
effectiveness is much more common than under-representation.

Differential recruitment patterns are usually the result of individuals’ tendencies to associate
with other individuals who are similar to them, also known as homophily. This causes personal
networks to be homogeneous with regard to many socio-demographic, behavioral, and
intrapersonal characteristics.16 The presence of homophily will cause a greater correlation
between the sample and its seeds. In the presence of differential recruitment, homophily may
bias the sample because recruitment patterns will reflect affiliation patterns, with preference
for ties within a group. 11

Heterogeneity in degree refers to differences between groups with respect to network size.
When such differences exist, subjects with larger network sizes are over-sampled because more
recruitment paths lead to them. 11

In public health, the notion that biased samples can yield benefits is rarely entertained. A biased
sample can be problematic if valid statistical inference cannot be made. However, when sources
of bias can be identified and quantified, bias becomes less problematic because one may correct
for it and obtain unbiased (or at least asymptotically unbiased) estimates of parameters of
interest. Bias in RDS has been extensively studied and methods to assess, quantify, and correct
for it have been developed and thoroughly described.11–15, 17–18 However, the potential
benefits that RDS bias may yield have been under-studied. We explored bias in an RDS-based
study by examining patterns of recruitment of HIV-positive and HIV-negative recruiters. We
first determined to what extent differential recruitment effectiveness, differential recruitment
patterns, and heterogeneity in degree, by HIV-status, were present in our sample. We
subsequently identified factors associated with being recruited by an HIV-positive IDU. While
the goal of this study was not to recruit HIV+ or other high-risk persons, our results have
implications for intervention studies that may consider using RDS to identify HIV+ or other
high risk individuals.
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Methods
Study population

Study subjects were 1056 IDUs (1024 recruits and 32 seeds) recruited between April, 2006
and April, 2007, in Tijuana, Mexico into a prospective study of behavioral and contextual
factors associated with HIV, syphilis, and tuberculosis (TB) infection. Eligibility criteria
included: age ≥18 years; having injected illicit drugs within the past month as confirmed by
inspection of injection stigmata (track-marks); ability to speak Spanish or English; willingness
and ability to provide informed consent; and having no plans to permanently move out of the
city in the following 18 months. Methods were approved by the Institutional Review Board of
the University of California, San Diego and the Ethics Board of the Tijuana General Hospital.

Study design and procedures
Participants were recruited via RDS, whereby a diverse group of seeds, heterogeneous in age,
gender, and geographic location underwent an interview, were educated on how to refer other
eligible IDUs, and were given uniquely coded coupons to refer their peers to the study, as
described previously.7 Of the 32 subjects treated as seeds, 24 were productive at recruiting
other individuals into the study. Recruitment continued in waves as subjects returning with
coupons were given coupons to recruit members from their social networks. While men were
given three coupons, women received anywhere between six and twelve coupons in an
unsuccessful attempt to recruit more women. Computerized interviews, produced via
Questionnaire Development System (QDS), were conducted by indigenous outreach workers
through the use of a modified recreational vehicle and a storefront office. IDUs completed an
interviewer-administered survey that elicited information on sociodemographic, behavioral
and contextual characteristics.

Study staff recorded serial number of coupons given to respondents and those from respondents
who were enrolled into the study. This information helped us link each recruit with his/her
recruiter, to enable adjustments for correlations between recruiter and recruit. We also collected
network size information with respect to injection drug use and used this information for a
multiplicity adjustment, in which the study participants were weighted by the reciprocal of
their network sizes.

Laboratory Testing
The “Determine”® rapid HIV antibody test was administered to determine the presence of HIV
antibodies (Abbott Pharmaceuticals, Boston, MA). All reactive samples were then tested using
an HIV-1 enzyme immunoassay and immunofluorescence assay. Syphilis serology used the
rapid plasma reagin (RPR) test (Macro-Vue, Becton Dickenson, Cockeysville, MD, USA).
RPR-positive samples were subjected to confirmatory testing using the Treponema pallidum
particle agglutination assay (TPPA) (Fujirebio, Wilmington, DE, USA). Quantitative
nontreponemal test titers were obtained for subjects who tested positive to the RPR test. Titers
≥1:8 were considered to be consistent with active syphilis infection. QuantiFERON® TB Gold
In-Tube (QFT-G) was used for detecting Mycobacterium tuberculosis infection. Specimen
testing was conducted at the San Diego County Health Department. HIV/STI test results were
provided to participants after confirmation; those testing positive were referred to the municipal
health clinic for free medical care.

Statistical Analysis
Statistical analyses compared primarily recruits of HIV-positive and of HIV-negative IDUs.
Since “seeds” did not have a recruit, they were excluded from these comparisons. Additionally,
in order to assess recruitment effectiveness and recruitment patterns, by HIV status, we
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compared HIV-positive subjects with HIV-negative subjects. The entire sample was used for
these comparisons. Depending on whether distributional assumptions were met or not,
continuous outcomes were examined using either t-tests or Wilcoxon rank sum tests. Similarly,
binary outcomes were examined using either Pearson’s χ2 test or Fisher’s exact test. To control
for multiple testing, the raw p-values associated with outcomes within each area of interest
(i.e. sociodemographics, social influence, individual behaviors/risks, and structural/
environmental factors) were adjusted for false discovery rate (FDR) by using the Hochberg
and Benjamini’s method. 8 While both, raw and FDR adjusted p-values are listed in table 1,
the corresponding statistical inferences are based on FDR adjusted p-values. To identify factors
associated with being the recruit of an HIV-positive IDU, we performed univariate and
multivariate logistic regressions. For model building we used a manual procedure, where all
of the variables that had attained a significance level <=10% in the univariate models were
considered for inclusion in a multivariate model. Lack of multicollinearity between the
predictor variables in the final model was confirmed by appropriate values of the largest
condition index and of the variance inflation factors.

To correct for differential recruitment effectiveness by HIV status, we calculated inverse
probability weights based on individualized recruitment weights. The weights include a factor
to control for respondent’s heterogeneity of degree (i.e. multiplicity) and were derived via RDS
Analytical Tool (RDSAT). 19 The variable containing the weights was used as a covariate in
the logistic regression models. Interactions between this covariate and the predictors were also
explored. To account for correlation between recruiter and recruit, we created a variable
indicating who the recruiter of each subject was, and used this variable as a cluster variable in
the GEE algorithm. An exchangeable correlation structure within each cluster was assumed
(i.e. correlation between any two subjects recruited by the same recruiter was assumed to be
the same).

To estimate the model’s rate of classification accuracy, we conducted Monte-Carlo cross-
validation. 20 The Monte-Carlo procedure randomly split the data into model fitting and model
testing subsets. For each iteration, the proportion of observations for which the model agreed
with the outcome was calculated and averaged over the 10, 000 iterations to obtain the estimate
for the classification accuracy of the model.

Results
Description of HIV-positive and HIV-negative recruits

Our sample consisted of 1056 (32 seeds and 1024 recruits) participants. Table 1 summarizes
the baseline characteristics of the 1024 recruits (50 recruits of HIV-positive IDUs and 974
recruits of HIV-negative IDUs). Most recruits were males (85.2%), the median age was 37,
and 67.2% were born outside the Mexican state of Baja California. Overall, 45 recruits were
diagnosed as HIV-positive and the vast majority (93.3%) were previously unaware of their
own serostatus. However, the percentage of subjects unaware of their ownserostatus was
marginally higher among those recruited by HIV-negative subjects as compared to those
recruited by HIV-positive subjects (97.5% vs. 60%; PFDR-adj.=0.07). Recruits of HIV-positive
versus HIV-negative recruiters did not differ with respect to age, gender, educational
attainment, income, marital status, birthplace, or sexual orientation.

We next examined group differences in terms of social influences. Recruits of HIV- positive
IDUs had larger numbers of IDUs in their social network (median = 40 vs. 22; PFDR-adj. =0.02),
personally knew a larger number of HIV-positive individuals (median=1.5 vs. 0; PFDR-adj.
<0.001), were more likely to be friends with the recruiter (80% vs. 61.1%; PFDR-adj. =0.02),
and were more likely to come in contact with the recruiter in a shooting gallery (30% vs. 11.9%;
PFDR-adj. <0.001). They also spent marginally more time on the street (median=12 vs. 10 hrs
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per day; PFDR-adj. =0.06), but were less likely to come in contact with the recruiter on the street
(16% vs. 45%; PFDR-adj. <0.001). The two groups did not differ in terms of the proportion ever
having been forced to have sex, the proportion with high perceived risk of HIV infection, the
proportion with an IDU sex partner or the number of people that they inject with.

We next compared recruits of HIV-positive versus HIV-negative recruiters in terms of risk
behaviors, protective behaviors and infectious disease status. During the previous 6 months,
recruits of HIV-positive IDUs were less likely than their HIV-negative counterparts to have
had sex with a regular sex partner (10% vs. 59.9%; PFDR-adj. =0.01), more likely to have had
sex with casual sex partner(s) (100% vs. 63.2%; PFDR-adj. =0.05), and marginally more likely
to have never used a condom during sex with their casual partner(s) (70% vs. 36%; PFDR-adj.
=0.09). They also were more likely to report having had unprotected sex with an HIV-infected
partner (10% vs. 2%; PFDR-adj. =0.02) and to report obtaining syringes from the Tijuana needle
exchange program (34% vs. 15.9%; PFDR-adj. =0.001). Last but not least, they were more likely
to test positive for syphilis antibodies (32% vs. 14.6%; P<0.001), and marginally more likely
to test positive for HIV (10% vs. 4%; P=0.06). The proportion of subjects with syphilis titers
≥1:8 was greater among the recruits of HIV-positive (12% vs. 7.7%) but this difference did
not reach statistical significance (P=0.27). Also, groups did not differ in their reported years
of injection; frequency of injection; receptive needle sharing; male having sex with male status;
ever trading sex; and having been tested previously for HIV.

Finally, we examined group differences for a variety of structural influences. Compared to
recruits of HIV-negative IDUs, recruits of HIV-positive IDUs were significantly more likely
to report having been forced by police to rush an injection (50% vs. 32%; PFDR-adj. 0.04), and
to having been forced by police to leave the place where they lived in the previous 6 months
(32.6% vs. 12.6%; PFDR-adj.= 0.001). No differences between groups were found with respect
to number of years lived in Tijuana; homelessness; places where they inject drugs; ever being
arrested; and the number of times in jail/prison.

All variables attaining P values ≤0.10 in univariate regressions were considered as candidates
for multivariate models (Table 1). The following six factors remained independently associated
with being the recruit of an HIV positive recruiter: personally knowing someone with HIV/
AIDS (Adj.OR = 2.4); having had unprotected sex with an HIV-infected person (Adj.OR =
6.7) lifetime syphilis infection (Adj.OR = 2.8), meeting the recruiter in a shooting gallery
(Adj.OR = 4.5), having obtained needles from a needle exchange program in the previous 6
months (Adj.OR = 2.3), and having a larger number of arrests for track marks (Adj.OR = 1.11)
(Table 2). The average classification rate of accuracy for this model yielded by Monte-Carlo
cross-validation was 94.96% with a standard error of 0.01%.

Recruitment effectiveness—Among the 1056 study participants, 47 (4.5%) were
diagnosed as HIV-positive. Twenty of the 47 (42.6%) HIV-positive and 449 of the 1009
(44.5%) HIV-negative subjects were recruiters, with HIV-positive subjects generating 4.9%
(50/1024) of the recruits. Since HIV-positive subjects comprised 4.5% of the sample and
generated 4.9% of the recruits we found no evidence that recruitment effectiveness varied by
HIV status.

Differential recruitment patterns—HIV-positive subjects recruited 10% (5/50) other
HIV-positive subjects and HIV-negative subjects recruited 4.1% (40/974) HIV-positive
subjects (P=0.06). After controlling for whether the recruiter and the recruit injected drugs
together, the odds of an HIV-positive recruiter recruiting an HIV-positive individual were 2.8
times greater than the corresponding odds of an HIV-negative recruiter (P=0.04). We also
found that 20% of the HIV-positive recruiters as compared to 0% of the HIV-negative
recruiters, recruited more than one HIV-positive subject into the study (P=0.002), indicating
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that recruitment patterns differed significantly by HIV status. Only one of the 20 HIV-positive
recruiters was aware of his HIV-positive serostatus, suggesting that HIV-positive recruiters
were more likely to recruit other HIV positive IDUs even though they were not aware of their
own serostatus.

Heterogeneity in degree—As chain referral samples are biased towards individuals with
larger network sizes, we adjusted the distribution of network size by weighting the distribution
of network sizes by the inverse of the network size.13 This led to a significant drop in estimated
network size, from a median of 95 and 70 for recruits of HIV-positive and HIV-negative
recruiters to corresponding values of 40 and 22, respectively. Recruits of HIV-positive
recruiters had significantly larger network sizes than recruits of HIV-negative recruiters
(PFDR-adj. =0.02) and thus had a higher probability of being recruited into the study.

Discussion
An important contribution of this study is the finding that HIV-positive IDUs were significantly
more likely than HIV-negative IDUs to recruit other HIV-positive IDUs into a research study,
even though they were unaware of their own HIV serostatus. While this finding reinforces the
existing knowledge that in order to draw valid statistical inferences from RDS-based studies,
one has to assess and possibly adjust for differential recruitment bias, our study suggests that
RDS could be successfully used to identify HIV-positive individuals who are unaware of their
HIV-positive status and refer them to counseling and medical services. One has to keep in mind
that the goal of our study was not to recruit HIV-positive or other high-risk individuals, and
as such, only 2 of the seeds in our study were HIV-positive. However, RDS can be easily
adapted to over-sample individuals, such as undiagnosed HIV cases, if we know certain
characteristics of the people who are more likely to recruit them. For instance, if the goal is to
recruit high-risk individuals, one strategy may be to initiate RDS recruitment with most or all
seeds consisting of HIV-positive and/or other high risk individuals.

A second important finding is that compared to recruits of HIV-negative IDUs, recruits of HIV-
positive IDUs have larger IDU networks. This indicates not only that recruits of HIV-positive
IDUs have a higher probability of selection but also suggests that they have a heightened
vulnerability to HIV infection. For instance, having a larger number of peers who are IDU has
been associated with higher levels of needle sharing21, overdose22, and lower drug use
cessation23, which are known risk factors for HIV infection. Thus, RDS can potentially be used
to identify not only undiagnosed HIV cases but also HIV-negative individuals at high risk of
HIV acquisition.

Finally, compared to recruits of HIV-negative IDUs, recruits of HIV-positive IDUs were more
likely to know someone infected with HIV, to have unprotected sex with an HIV-infected
person, to have a higher lifetime prevalence of syphilis antibodies, and to have been more
frequently arrested for track marks. These factors have been associated with an increased risk
of acquiring HIV in our population7, and others.24–26

Our study was limited by the fact that it only analyzed characteristics and behaviors of the
HIV-positive and HIV-negative recruits cross-sectionally, allowing us to identify factors
associated with being recruited by an HIV-positive recruit, without being able to ascribe causal
interpretations to the data. Longitudinal studies are needed to ascribe such interpretations. We
were also limited by the fact that only two of the seeds in our sample were HIV-positive which
precluded the comparison of recruitment patterns between HIV-positive and HIV-negative
seeds. Another limitation was that only one of the twenty HIV-positive recruiters was aware
of his HIV-positive serostatus, so our finding that HIV positive recruiters are more likely than
HIV-negative recruiters to recruit other HIV-positive individuals can only be generalized to
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HIV-positive recruiters who were unaware of their HIV serostatus. Further studies including
HIV-positive respondents who are aware of their HIV serostatus are needed to determine their
recruitment patterns. Similarly, our sample included a low proportion of female participants.
However, an RDS convergence analysis with respect to gender indicated that the sample
composition reached equilibrium, thus supporting the robustness of our results.

Overall, our findings suggest that beyond success in recruiting hidden populations, RDS may
facilitate identification of persons with undiagnosed HIV infection and high risk networks. As
such, RDS could become a vehicle for what has been referred to as “the new generation of
network-based interventions.”29 An example of such intervention is the Peer Driven
Intervention (PDI) of the Eastern Connecticut Health Outreach Project, whereby IDUs were
recruited through RDS and successfully motivated to recruit and educate each other about HIV
prevention through a voucher-based incentive system.29–30–29 Heckathorn and his
colleagues29 found that compared to the traditional street-based outreach intervention, the PDI
not only accessed a larger number of people and was more effective in reducing their levels of
HIV risk behaviors, but it did so at a lower cost. Similarly, in an evaluation of four different
sampling methods (targeted, stratified, time-space, and respondent driven sampling)
Semaan31 concluded that RDS uses the “least amount of formative research and resources.”

These findings suggest that RDS-based network interventions may be especially useful in
resource-constrained settings with emerging HIV epidemics, like Tijuana. Our study opens the
doors to a very practical application that can be used in fields other than HIV research. If our
results can be generalized to other populations, RDS can be easily adapted to over-sample
individuals if we know certain characteristics of the people who are more likely to recruit them.
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TABLE 2

Factors independently associated with being the recruit of a HIV positive recruiter among IDUs in Tijuana,
Mexico

Variable Adjusted Odds Ratio 95% Confidence Interval

Knows someone with HIV/AIDS 2.40 1.29–4.46
Ever had unprotected sex with HIV infected person 6.69 2.17–19.65
Positive for syphilis antibodies 2.80 1.44–5.48
Came in contact with recruiter at shooting gallery 4.50 2.28–8.89
Obtained syringes from needle exchange program* 2.34 1.22–4.50
Number of times arrested for track marks (per 5 arrests)* 1.11 1.01–1.22

*
Past 6 months
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