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ABSTRACT Few recent publications have highlighted theoretical and methodological

challenges using respondent-driven sampling (RDS). To explore why recruitment with
RDS may work in some populations and not in others, we assess the implementation of
RDS to recruit female sex workers (FSWs) and injection drug users (IDUs) into a
human immunodeficiency virus biological and risk behavior survey in Tallinn, Estonia.
Recruitment of FSWs was slower and more challenging than that of IDUs. The IDU
study recruited 350 participants within 7 weeks, while the FSW study recruited 227
participants over 28 weeks. Implementation modifications that did not negatively
impact key RDS theoretical and methodological requirements were used to improve
recruitment during the FSW study. We recommend that all RDS studies include a
formative research process to involve the participation of target populations and key
persons associated with these populations in the study planning and throughout the
implementation processes to improve recruitment from the outset and to respond to
poor recruitment during data collection.

KEYWORDS Injecting drug users, Female sex workers, Respondent-driven sampling,
HIV, Estonia

INTRODUCTION

Monitoring the course of the human immunodeficiency virus (HIV) epidemic among
injecting drug users (IDUs) and sex workers (SWs) is essential for developing
appropriate and effective interventions, shaping policy, and estimating future spread.
However, few sampling strategies are available for gathering reliable and general-
izable data from these hidden and highly marginalized populations.1,2 Over the past
several years, public health researchers have experimented with a variant of chain-
referral sampling known as respondent-driven sampling (RDS) to assess HIV
prevalence and associated risk behavior data of IDUs and SWs.
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RDS relies on peers to recruit their peers from within their social networks,
thereby encouraging participation by individuals that are not easily accessed
through other types of sampling methods. Long recruitment chains encourage the
participation of less visible participants as well as those who are not exposed to
services and outreach programs. Through the collection of participants’ social
network sizes and recruitment patterns, RDS data can be analyzed to provide
representative estimates and confidence intervals.3,4

From 2005-2007 in Tallinn, the capital city of Estonia, surveillance studies on
HIV prevalence and sexual risk behaviors among female SWs (FSWs) and IDUs using
RDS were carried out. Both FSWs and IDUs are important high risk groups impacting
the course of the HIV epidemic in Estonia.5 Current data show that the HIV epidemic
in Estonia is driven mostly by the use of non-sterile injection equipment and that
approximately 4.3% of the population, aged 15-44 years, in the capital region inject
drugs.6 HIV among IDUs is estimated to be around 50%,7–9 and incidence is
estimated at 920/100 person years at risk.10 IDUs in Tallinn tend to be well networked
through buying, selling, and injecting activities (Des Jarlais DC, unpublished data).

Compared to IDUs, little research has been conducted among FSWs in Estonia.
FSWs, mostly concentrated in the capital, Tallinn, have an estimated HIV prevalence
of 7.6% 11 and tend to work in a hierarchy of locations ranging from elite brothels
and “love flats” to truck stops. Cellular phone and internet technology enables sex
work to be highly dispersed and spatially mobile.12

This paper examines the implementation of RDS methodology in two separate
subpopulations: FSWs and IDUs. We evaluate and compare recruitment efficiency
and sampling challenges, as well as provide findings and recommendations from
both studies. The findings from this evaluation should assist researchers in
understanding some barriers to successful RDS recruitment.

METHODS

Participants
Two studies designed to assess HIV prevalence and associated risk behaviors among
current FSWs and IDUs were conducted using RDS methods from 2005 to 2007
(Table 1). Formative research was conducted to plan study logistics and to assess the
target population’s interest. The methodology included interviews with gatekeepers
(three among the FSW group, and two among the IDU group), members of the
target population (three among FSWs, five among IDUs), mapping, and piloting
data collection instruments. We gathered information to identify individual seeds,
refine logistical issues (proper incentive amount, interview locations, hours and days
for interviews), and develop materials.

As in all RDS studies, recruitment began with a set number of non-randomly
selected seeds representing diverse types of FSWs and IDUs. Eligible participants
were provided coupons for recruiting three of their peers (either FSWs or IDUs).
Coupons were uniquely coded to link participants to their survey responses and
biological specimens and for monitoring who recruited whom. Participants who
completed the study received a primary incentive for study participation and a
secondary incentive for each eligible recruit who enrolled into the study (Table 1).

IDUs were offered pre- and post-test HIV counseling along with their test result.
FSWs were referred to a conveniently located dedicated medical center for HIV
counseling and testing and free sexually transmitted infections (STI; syphilis,
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chlamydia, gonorrhea, and trichomoniasis) testing, results and, if appropriate,
treatment.

Measures
Both studies used a structured questionnaire administered by trained interviewers to
inquire about socio-demographic characteristics, sex work/drug use history, HIV
sexual-risk behaviors, and harm reduction service utilization.

To measure social network sizes, FSWs were asked, “How many FSWs do you
know personally and have seen within last 3 months?” IDUs were asked, “How
many IDUs do you know personally and have seen within last 6 months?” We also
asked questions about each participant’s recruiter (how would you describe your
relationship to the person who referred you to this study, that is, the person who
gave you this coupon?) to assess whether participants recruited known people (those
in their social network) or strangers. RDS requires that the probability of selection
be based on recruitment within social networks (known persons) and that the
sample forms one complete social network component.13

Data Analysis
Qualitative data on recruitment progress and sampling challenges were collected
through interviewers and site supervisors’ field notes taken during data collection.

Groups were compared by using risk ratios with 95% confidence intervals (CI)
and exact tests to guide interpretation. A proportional odds ordinal logistic
regression model was used to assess the association between network size and the
number of recruits.

RDS Analysis Tool v. 6.0.1 14 was used to weigh the sample to control for
differences in recruitment patterns and network sizes. Recruitment biases were
explored in both samples using the respondent-driven sampling analysis tool
(RDSAT) to adjust for differences in network size and for homophily (the extent
to which recruiters are likely to recruit individuals similar to themselves) in order to
provide population-based estimates of the study population characteristics.

A homophily index of H=1.0 reflects 100% homophily for a specific
characteristic, indicating that all recruitment ties are formed with other members
having the same value on the characteristic. In contrast, H=−1.0 reflects 100%
heterophily, indicating that all recruitment ties are formed with members having the
opposite value on the characteristic.15 RDS assumes that participants recruit
randomly from the population within their social networks, so high positive or
negative homophily could be an indication that a sample does not form one
complete social network component.

RDSAT was also used to estimate whether equilibrium was reached on key
variables and the number of waves needed for each variable to reach equilibrium.
Equilibrium is a statistic that provides evidence that the final sample is independent
of the non-randomly selected seeds.15 The key variables used to assess equilibrium
were age, ethnicity, gender, and HIV status.

RESULTS

Studies’ Participants
Final sample sizes were 227 FSWs and 350 IDUs. Sixteen percent of IDUs (56/350)
were females. HIV prevalence was substantially higher among IDUs than among
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FSWs (8% vs. 55%, OR=0.14, 95% CI: 0.08-0.21, Fisher’s exact test pG0.001). A
lower percentage of FSWs compared to IDUs reported 9 years or less of formal
education (30% vs. 53%, OR=0.56, 95% CI: 0.44-0.69, Fisher’s exact test pG
0.001). The proportion of Russian speakers was 85% in both samples.

Five IDUs (1% of subjects or one male and four females) reported providing
commercial sex services within the last 6 months. The four female IDUs reported
engaging in commercial sex among whom three reported always using condoms
with paying partners. Of the FSWs, 77% reported always using condoms with
paying clients.

Low percentages of FSWs reported current (within the last 4 weeks) non-
injection drug use (23%) and injection drug use (n=15, 6.6%). Among the FSWs
who reported injecting drugs in the previous month, 11 (73%) reported not sharing
needles and other injection equipment within the previous month. Sharing needles
and other injection equipment within the previous month was reported by the 25%
of IDUs.

Practical Experiences Using RDS among FSWs and IDUs
Description of the study designs incorporating formative research results are
provided in Table 1. Seeds for both studies were contacted through service
organizations (SW counseling center/syringe exchange program [SEP] outreach
workers). During the eighth week into the study, FSW recruitment slowed
significantly, which resulted in the addition of more seeds to increase recruitment.
New seeds were selected through (1) contacts made by telephone with FSWs from
brothels, apartments, saunas, and massage parlors advertised in newspapers/erotic
magazines/through Internet enlisted in a process of spatial mapping; (2) community
FSW contacts by field workers; and (3) contacts with night club, bar, and street-
based FSWs approached directly during weekly field outreach visits. Field staff
learned that many FSWs did not want to travel to the centrally located interview
site. In response, we began conducting interviews in a location preferred by FSW
participants such as at their workplace (e.g., apartment, brothel) or at a public
location (e.g., cafeteria). In addition, we modified the biological sample collection
from venous blood to oral fluid to comply with legal restrictions that prohibited the
collection of blood outside of health facilities.

The type and value of the incentive was refined during formative research.
Although both IDUs and FSWs preferred cash incentives, we were unable to use cash
money due to local regulations. Additional limits for incentives were set by ethical
considerations and the study budget. For IDUs, the primary (worth 10 USD) and
secondary (worth 5 USD) incentives consisted of vouchers for purchases at a local
grocery store.

Finding suitable incentives for FSWs was more challenging. Formative research
indicated that FSWs were interested in receiving monetary incentives above what the
study budget could afford. As an alternative, FSWs reported that they were
interested in an incentive consisting of a free and prescheduled visit to a gynecologist
which included HIV and STI testing together with reproductive counseling. In
addition, FSWs received a gift card (worth 10 USD for the primary incentive and
10 USD for the secondary incentive) for redemption at the central department store
to compensate their time and travel costs.

FSWs reported preferring afternoon hours rather than evening or morning
hours for study participation. Although most IDUs had no time preferences for
study participation, some mentioned preferring late evenings. However, we

UUSKÜLA ET AL.308



decided not to offer evening enrollment hours due to safety issues and routine
work schedules.

Recruitment Comparison
Overall, FSW recruitment was slower and more challenging than that of IDUs.
However, in the IDU study there were some challenges associated with large
numbers of IDUs wanting to enroll in the study at the same time (Table 2).

A total of 227 FSWs were recruited over a period of 28 weeks using RDS
methods (Figure 1). In addition to the six initial seeds, 37 more seeds were added
2 months after the study commenced to increase the rate of recruitment. Among the
43 FSW seeds, only 60% were effective (measured as recruiting at least one peer into
the study).

To compare the FSW and IDU networks, we assessed network characteristics in
the sample of all FSWs and in a sub-sample of FSWs after excluding non-productive
seeds. The maximum number of waves was eight; mean and median numbers for the
entire FSW sample were 1.6 and 1 and 2.7 and 2 for the sub-sample without non-
productive seeds.

The IDU study recruited 350 (out of the projected sample size of 350) within a
period of 7 weeks. Recruitment was maintained with just five seeds (all effective).
The maximum number of waves for IDUs was 16 (mean 7.8, median 4).

Unadjusted mean network size for IDUs was 55.6 (SD 95.4) and 4.9 (SD 3.7)
(4.1, SD 2.3 after excluding non-productive seeds) for FSWs. The proportion of
friends/close friends among recruiters was lower for FSWs compared to IDUs (20%
vs. 31%, OR=0.65, 95% CI: 0.48-0.88, Fisher’s exact test pG0.01), while the
proportion of strangers was higher among IDUs compared to FSWs (13% vs. 2%,
OR=5.71, 95% CI: 2.39-13.81, Fisher’s exact test pG0.001). Most of the remaining
recruitment ties for FSWs and IDUs were among acquaintances (57% for FSWs and
53% for IDUs, OR=1.06, 95% CI: 0.91-1.23, p90.05), indicating that the majority
of recruitment ties were made up of persons in the recruiters’ social network.

In both the FSW and IDU samples, the distribution of the number of recruits per
person differed for the seeds compared to recruits. Seeds were significantly more
successful in recruitment measured by recruiting one, two, or three new participants
(FSW including all seeds p=0.03; FSW including only productive seeds pG0.0001;
IDU p=0.02).

Although network size was not predictive of the number of recruits for both
IDU and FSW samples, the association approached statistical significance for FSWs
(p=0.09).

Reaching Equilibrium for Key Characteristics The equilibrium for key variables
(age, ethnicity, gender, HIV positive status) was reached within two to five
recruitment waves.

We compared recruitment biases in both samples using RDSAT adjusted
proportions and unadjusted observed sample proportions on the same variables.
Sample proportions in the FSW study (unadjusted) fell within the confidence bounds
of the RDS-adjusted population estimates with few exceptions. If portions had not
been adjusted with RDSAT, i.e., in the case of snowball sampling, the estimate for
HIV prevalence would be higher by 4% (sample proportion of HIV positive 8%,
adjusted proportion 4%, CI 1-6%). Unadjusted proportion for FSWs who never
used condoms with their main partners was overestimated by 22% (data not
shown).
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The IDU-unadjusted sample proportions fell within the CIs of the RDS-adjusted
population proportions with few exceptions. Unadjusted proportions for sometimes
using condoms with a main sexual partner were overestimated by 10%, syringe/
needle sharing was overestimated by 8%, and having health insurance was
underestimated by 4% (data not shown).

Homophily Estimates for homophily indexes for key variables in both samples
were close to zero, suggesting a single underlying population for each group. The
only exception was in the FSW study whereby women with 12 or more years of
education had high negative homophily, indicating that most recruitment ties were
formed with members recruiting new subjects with different values on this
characteristic (e.g., all women with 12 or more years of education were recruited
by women with less than 12 years of education).

DISCUSSION

Overall, RDS was easier to implement among IDUs than among FSWs in Estonia.
There are several possible factors for the differences in recruitment among IDUs (fast
recruitment) and FSWs (slow recruitment). Earlier RDS studies in these subpopu-
lations indicate that groups having past positive experiences with services and
outreach could affect involvement in study efforts.16,17 Exposure to programs
providing useful services to stigmatized populations who practice illegal behaviors
may build some level of trust whereby these populations feel more comfortable
participating in research. IDUs in Estonia have been receiving SEP services since
1999 and a sizable proportion (60-80%) of IDUs recruited in a 2005-2007 RDS
study reported using SEP services at least once in their lifetime.7 On the contrary,
Estonia has only one program specifically targeting FSWs. Thirteen percent of FSWs
reported visiting the designated SW counseling and STI testing site.5

Other barriers to FSW enrollment may arise from the changing context in which
sex work occurs in the region. Formative research indicates that FSWs form smaller
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FIGURE 1. Proportion of female sex worker (FSW) and injecting drug user (IDU) study subjects
recruited weekly over the study period, Tallinn, Estonia.
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peer network groups compared to IDUs (average network size for FSWs was five
versus 70 for IDUs). Furthermore, some FSWs reported that they have no interaction
with other FSWs (e.g., self-employed FSWs using the internet or media to solicit
clients) and others reported that their social networks were made up of distinct sub-
networks within the larger networks of FSWs (e.g., brothel-based FSWs).

Another factor possibly affecting participation by FSWs is their fear of being
identified as a FSW. Engaging in sex for money is not punishable under Estonia’s
criminal code so long as it takes place within one’s own residence and is consensual
among adults (≥18 years). Acting as a gatekeeper (pimp or procurer), providing
space for someone to sell sex, and involving minors under the age of 18 are
punishable offenses. As reported in other countries in Eastern Europe, including the
former soviet republics, some of Estonia’s sex work activities are controlled by
organized crime elements.16 In Estonia, there were indications that gatekeepers (i.e.,
madams at the brothels, pimps) were reluctant to allow FSWs under their control to
participate in a study that might expose them to questioning by authorities. For
instance, in some cases, gatekeepers were collecting coupons from FSW study
participants and managing who they wanted to redeem them. As noted in other RDS
studies of FSWs, inadequate incentives may pose a barrier to FSW enrollment.16,17

Unlike RDS studies of IDUs, the eligibility criteria linked to FSWs is based on
behaviors related to how they earn a living. As such, it has been found that FSWs
often try to equate the level of their incentive for participation on the amount of
money they would have earned providing services to a client. This often results in
incentive requests beyond the budget of the study.

The statistical theory upon which RDS is based suggests that if peer recruitment
proceeds through a sufficiently large number of waves, the composition of the
sample will stabilize, becoming independent of the seeds from which recruitment
began, thereby overcoming any bias caused by the non-random selection of seeds.14

Equilibrium was achieved for both the IDU and FSW samples on average by one
wave earlier for IDUs than for FSWs.

Homophily estimates from both samples indicate that participants did not
exclusively form ties with individuals with either the same (homophily) or different
(heterophily) characteristics measured within their social networks with a possible
exception for the group of FSWs with higher education, whereby heterophily was
high. This can be explained by the fact that there are few FSWs with higher
education resulting in limited recruitment possibilities. Although the proportion of
IDUs with higher education was even lower, selective sampling (low homophily)
within this IDU subset may be explained by the substantially larger size of the target
population in the region (estimated 2,000 FSWs and 10,000 IDUs in Tallinn
area).11,12

These studies were limited in that the full network-size question was not asked
(the definition of the population, age range, and geographical regions were missing).
The network size-question sets up the probability of inclusion into the sample, and
omission of eligibility criterion results in the possible overestimation of participants’
network sizes.

There are reasons to believe that some RDS requirements were not met for the
FSW population in Tallinn. FSWs may not have been able to randomly recruit from
their social networks due to interference by gatekeepers, and the addition of so
many seeds in this study may have hindered naturally occurring network patterns.
Furthermore, changes made during the course of the study, whereby we added a
large number of additional seeds and adjusted the interview and testing location to
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increase FSW enrollment, may have impacted recruitment. Adding seeds during
recruitment is an accepted practice in RDS and although it is best to minimize
changes to a study protocol during data collection, conducting interviews and HIV
testing in a location convenient to the study participants should not have any direct
impact on the sampling requirements.

Furthermore, although changing a fixed site interview location during the course
of a study can impact network sampling if there is spatial heterogeneity in the
population, we believe that allowing FSWs to be interviewed in locations of their
choosing may have enhanced sociometric depth and sustained recruitment. In an
ideal RDS study, the incentives being offered should motivate all members of the
population to be studied, and there should not be any relationship between the
attractiveness of the incentives and the major outcome variables of the study. It is
likely that more economically disadvantaged IDUs would have been more highly
motivated to participate though we do not believe this would create a major bias
because for the FSWs, the potential bias may be more of a problem. The FSWs who
were motivated to participate because of a free STI examination might easily have
been more at risk for STIs (including sexually transmitted HIV) resulting in an
overestimation of HIV prevalence.

RECOMMENDATIONS

There are several recommendations for using RDS among IDUs and FSWs in
Estonia and perhaps in other areas in the region. First, formative research, especially
if the target population is not well known, is an important component to
implementing most RDS studies. Through formative research, we learned that
FSWs originally desired incentives that were too costly for our study budget and
helped us find acceptable alternatives (e.g., STI testing and results). As public health
researchers, this was particularly valuable information since the provision and
acceptance of health care services and treatment, rather than money, is a benefit not
only for the study participants but the wider population as well.

Second, it is important to speak to persons who may influence the implementa-
tion of an RDS study. For instance, if possible, engaging FSWs’ gatekeepers before
and during the study could increase their understanding of the importance of the
study methodology and encouraged them to not interfere with the distribution of
recruitment coupons. This could also be an opportunity to explain that the study
will ensure confidentiality and anonymity and that participation will not negatively
impact FSWs’ work.

Third, given the number of complex theoretical requirements of RDS, this
method should be conducted by researchers with experience in RDS implementa-
tion. Thorough theoretical and empirical knowledge are important for rigorous
implementation of the planning, sampling, and analyses processes.

Fourth, it is important to detect and respond to poor recruitment during data
collection without negatively impacting important theoretical and methodological
requirements. Upon discovering that FSWs would not attend a fixed RDS site, we
offered to interview and test them in a location convenient to them. Although this
required changes to our testing protocol and the need to acquire new testing
equipment, these adjustments allowed us to attain a larger sample while maintaining
the RDS methodological requirements.
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Fifth, gathering field notes during the recruitment process can be helpful for
effectively detecting and responding to implementation challenges and informing
future study design development.

Finally, it is essential for researchers to continue discussing the utilization
challenges and improvements associated with using RDS in different populations
and international settings. RDS is superior to other sampling method used for hard-
to-reach populations for two important reasons: (1) it can produce rapid, cost-
efficient recruitment; and (2) RDSAT-adjusted estimates are reported as being more
representative than those gathered through other commonly used sampling
methods.18

Overall, RDS is a major advance in conducting research among FSWs and IDUs
in Estonia.
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