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Background: Respondent Driven Sampling (RDS) is an effective sampling
strategy to recruit hard-to-reach populations but the impact of the COVID-19
pandemic on the use of this strategy in the collection of data involving
human subjects, particularly among marginalized and vulnerable populations,
is not known. Based on an ongoing study using RDS to recruit and study the
interactions between HIV infection, injection drug use, and the microbiome
in Puerto Rico, this paper explores the effectiveness of RDS during the
pandemic and provided potential strategies that could improve recruitment
and data collection.

Results: RDS was employed to evaluate its effectiveness in recruiting a group
of people who inject drugs (PWID) and controls (N = 127) into a study in the
midst of the COVID-19 pandemic. The participants were distributed among
three subsets: 15 were HIV+ and PWID, 58 were HIV- PWID, and 54 were HIV+
and not PWID.

Findings: Results show that recruitment through peer networks using RDS was
possible across all sub-groups. Yet, while those in the HIV+ PWID sub-group
managed to recruit from other-sub groups of HIV- PWID and HIV+, this
occurred at a lower frequency.

Conclusion: Despite the barriers introduced by COVID-19, it is clear that
even in this environment, RDS continues to play a powerful role in recruiting
hard-to-reach populations. Yet, more attention should be paid at how
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future pandemics, natural disasters, and other big events might affect RDS
recruitment of vulnerable and hard-to-reach populations.

Respondent Driven Sampling, recruitment, people who inject drugs (PWID), HIV,

COVID-19, Puerto Rico

Introduction

Respondent-driven sampling (RDS) is a network-based
recruitment and sampling strategy that leverages intragroup
social connections to recruit rigorous, weighted samples from
hard-to-reach populations (1-3). RDS is designed for situations
where no ordinary sampling frame exists for random sampling
(4-6), and it has been used nationally and internationally in
studies of people who use drugs, HIV risk behaviors among
commercial sex workers, and men who have sex with men (7-
11). Yet little is known about the effectiveness of employing
RDS during “big events” (12) such as natural disasters, economic
crises, wars, pandemics, or other major disruptions. Given
the unprecedented nature of COVID-19, there are very few
studies describing the challenges of conducting RDS during
the pandemic. Yet evidence suggests that RDS was effectively
used during COVID-19 to recruit men that have sex with men
in Portugual (MSM) (13); isolated positive COVID-19 cases
in Finland (14); and frontline care workers in Vietnam (15),
Canada (16) and Brazil (17). Although Stark et al. employed RDS
to recruit a sample of people who inject drugs (PWID) in the
rural United States during the pandemic to document the impact
on substance use behaviors and overdose risk perception (18), to
our knowledge, no study of PWID or HIV populations has been
conducted employing RDS methods.

Unprecedented, “big events” such as the COVID-19
pandemic can significantly affect the social networks of
vulnerable or hard-to-reach populations, and therefore a key
concern in relation to the use of RDS is the extent to which,
under such conditions, recruitment through peer networks
is possible.

This paper explores the effectiveness of the employment of
Respondent Driven Sampling during the pandemic and provides
potential strategies that could improve recruitment and data
collection. It is based on an ongoing study using RDS to recruit
and study the interactions between HIV infection, injection drug
use, and the microbiome in Puerto Rico.

Materials and methods

Procedure

This study is embedded in a longitudinal study of the
interactions between HIV infection, injection drug use, and
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the human microbiome. While research has uncovered parts
of this relationship, no comprehensive picture of association
is available. It is now recognized that HIV-1 infection is
associated with lymphoid depletion in tissues underlying the
gut epithelium (19) that allows microbial products to transduce
into the parenchyma, where those products are potent inducers
of systemic inflammation (20, 21). Opioid use also induces gut
dysbiosis and supports bacterial translocation. The resulting
inappropriate immune activation in PWID may enhance HIV-1
replication, lead to premature aging of T cells (22), and promote
HIV disease progression, including exacerbated HIV-associated
neurological disorders (HAND) (23, 24).

A major barrier to research on interactions between HIV,
injection drug use, and the human microbiome is the need to
recruit people who are engaged in illegal activity (injection drug
use) and have a disease that is stigmatized (HIV). Specifically,
cross-grouping comparisons require a subsample of (a) PWID
and who are HIV+, (b) those who are HIV+ but are not
PWID, (c) those who are HIV- and are PWID, and (d) those
who are HIV- and are not PWID. Three of the groups (a, b,
¢) pose a considerable recruitment challenge, requiring careful
selection of recruitment location and technique, especially with
the ongoing COVID-19 pandemic.

San Juan, Puerto Rico was chosen as a study site given its
historically high level of injection drug use and an HIV incidence
rate that is disproportionately associated with intravenous drug
use (25). The National HIV Behavioral Surveillance study found
that 11.6% of PWID recruited in San Juan were HIV+ in
2018 (26). Further, the research team had previously recruited
several cohorts of PWID in the area in 2015-2016 and in 2019,
providing location-specific expertise and connections (27). In
this project, recruitment was conducted in a centralized area in
San Juan known as Rio Piedras, from a storefront office where
all interviews were conducted.

Respondent-driven sampling was used to recruit
participants into the current study. The study team had
previously used RDS in Puerto Rico to recruit 300 PWID
participants in 2015 and 200 PWID participants in 2019.

Seed selection

New participants are introduced to researchers by a
prior participant known as the “seed” who can describe the
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nonthreatening nature of participation in the study and vouch
for the good faith of the research team before project enrollment.
Seed selection is critical for the success of RDS, as recruitment is
driven by initial participants recruiting eligible participants, who
in turn recruit the next wave of participants. As RDS operates
within social networks, the main consideration for seed selection
includes looking for highly networked individuals who have a
good “street cred” or peer reputation. Targeted seeds in this case
also reflect the need of the study to recruit three distinct groups
who are linked through shared social networks.

Our team met twice a month during the initial recruitment
phase, which coincided with the arrival of COVID-19, to
assess recruitment numbers and discuss strategies to improve
recruitment. One major point of discussion was the effects of
COVID-19 on patient recruitment. In March 2020, stay-at-home
orders were issued by the governor of Puerto Rico, effectively
shutting down most economic activity. Medically assisted
treatment (MAT), which had been a source of recruitment
for PWID in the past, shifted to telemedicine or a reduced-
visit schedule. A significant proportion of our population was
homeless or transient and was dispersed given the measures
adopted. Forced to isolate, study participants initially withdrew
from their normal routines and peer networks, affecting
RDS recruitment.

To address this challenge, we discussed a number
of strategies to increase recruitment, from increasing
compensation to participants to recruiting more seeds.
Unable to conduct a rigorous qualitative assessment of the
barriers to RDS recruitment in the middle of the pandemic, we
discussed informally with study participants potential barriers
to enrollment. Informed by these conversations and by our own
field observations, we decided that given the fragility of social
networks increasing the number of seeds was unlikely to yield
more recruits. Instead, we decided to provide a larger number of
coupons to well-connected individuals. Coupons are a central
component of RDS sampling. No larger than a US dollar bill,
each coupon has a unique, identifying number linked to a
participants’ code, usually a mix of chosen letters and numbers
to make it possible to identify and retrieve participants’ data
during the study. In addition, the coupon has a brief description
of the study and its location. Finally, the possibility of receiving
financial compensation if selected to be part of the study is
also included on the coupon, along with the location of the
storefront office and phone number.

Initially, recruitment started with one seed for each
subgroup and proceeded to recruit further seeds as needed.
Some initial seeds proved to be extremely productive; others
did not recruit any participants. Unfortunately, given the
limitations imposed by COVID-19, we were unable to conduct
qualitative interviews with RDS participants or seeds to assess
their experiences of recruiting peers during the pandemic.

While the
received varied, some highly networked individuals—usually

numbers of coupons each participant
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seeds—received a higher number of coupons. In one instance,
one participant received up to sixteen coupons instead of
the three coupons provided to other participants. Ineligible
participants were not offered compensation but received
a transportation allowance. To effectively administer the
hundreds of coupons, a software program, RDS Coupon
Manager (RDSCM 3.0), was employed to track coupon
distribution and reimbursement. RDS Analyst was used
to generate the recruitment tree figure and calculate
recruitment homophily.

Interviews for this project were conducted in the study’s
storefront office. The location was deliberately chosen for its
proximity to public transportation: a train stop and public buses
were available only a few blocks away. In addition, the fact that
CONCRA, a non-governmental organization providing services
for people living with HIV was located in the vicinity was
also a factor. Eligibility for HIV+ was verified with HIV Insti
antibody tests. INSTI HIV-1/HIV-2, Biolytical Laboratories.
Intravenous use was determined through an eligibility screener,
visual inspection of injection marks, and CLIA 14-RDTC rapid
drug urine tests conducted during the first baseline visit. Instant
Drug Test Cup, 14-panel, 25 cups/pk (by Alere). Participants
were tested for the presence of the most commonly used drugs in
Puerto Rico: cocaine, heroin, and synthetic opioids like fentanyl
and fentanyl analogs, among others. If found eligible, consent
was obtained and background data collected on participant
drug use, questions about HIV testing and treatment history
(where appropriate), ART adherence (where appropriate), drug
treatment history (where appropriate), and residential history.
Participants were compensated with $10 USD for each successful
referral enrolled into the study. In addition, a compensation of
$70 was offered to those that completed all study procedures
during the enrollment phase.

Ethics statement

The study was approved by the Institutional Review
Board at the [University of Nebraska and the Louisiana State
University Health Sciences Center-New Orleans]. Participants
provided written consent at the study office before enrollment
in the study and were compensated for their time and
travel expenses. Participation was entirely voluntary, and study
participants could withdraw at any time. Data analysis relied
on anonymization.

Results

Table 1 data
participants. Participants in the HIV+ group and HIV+

presents  sociodemographic for study
PWID group had a median age of 48 years, while those in the

HIV- PWID group had a median age of 44 years. Half of the
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TABLE 1 Descriptive statistics.

Non-injectors

HIV+ (n = 54)
Variable Median (IQR) or n (%)
Demographic
Age (years) 48 (11)
Gender
Female 28 (52%)
Male 21 (39%)
Other 5(9%)
Marital status
Married/Cohabitating 9 (17%)
Used to be married 7 (13%)
Single 38 (70%)
Highest education
<Grade 12 11 (20%)
Grade 12/GED 21 (39%)
Some College 17 (32%)
Bachelor’s Degree 5(9%)
Employment status
Employed 15 (28%)
Unemployed 32 (59%)
Other 7 (13%)
Homeless
In last 12 months 7 (13%)
Currently 3 (6%)
Hepatitis C
Been tested 44 (82%)
Tested positive 14 (26%)

participants in the HIV+ (52%) self-identified as women, with
almost nine in ten (86%) and (87%) self-identified as males
among PWID. A large majority in all groups were single, with
almost three-quarters of participants declaring never having
married (70%) among the HIV+ group and (78%) among
the HIV- PWID. Educational attainment was relatively low
across all groups, with one-fifth (20%) in the HIV+ group,
one-third (33%) among HIV- PWID, and almost half (47%)
HIV+ PWID having under 12 years of education. More than
half of the HIV+ (59%) group was unemployed, with almost
seven in 10 participants among the PWID groups currently
unemployed. HIV- PWID experienced the highest level of past
and current homelessness, with almost two-thirds (64%) having
experienced homelessness in the past 12 months and a little
over a third (36%) declaring current homelessness. Finally, all
groups exhibited a high prevalence of self-reported past HCV
infection with one in four (26%) in the HIV4 group showing
the lowest HCV prevalence. Almost all PWID and HIV+ (93%)
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Cohort demographics (N = 127)

Injectors (n = 73)

HIV- (n = 58) HIV+ (n = 15)
Median (IQR) or n (%) Median (IQR) or n (%)
44 (10) 48 (10.5)

7 (12%) 2 (13%)

50 (86%) 13 (87%)
1(2%) 0(0%)

9 (15%) 7 (47%)

4 (7%) 0(0%)

45 (78%) 8 (53%)

19 (33%) 7 (47%)

22 (38%) 3(20%)
16 (27%) 5(33%)
1(2%) 0 (0%)
9 (15%) 3 (20%)
40 (69%) 10 (67%)
9 (15%) 2 (13%)
37 (64%) 4(27%)

21 (36%) 0(0%)
52 (90%) 15 (100%)
36 (62%) 14 (93%)

self-reported a previous positive test for HCV, while more than
half (62%) among PWID and HIV- producing a positive HCV
test result.

Nine seeds were used to start recruitment: two who were
HIV4 PWID, five who were HIV+ and not PWID, and two
who were HIV- PWID. Four seeds did not recruit any other
participants; three recruited at least one participant, but their
recruits did not recruit anyone else; and two resulted in the
majority of the participants recruited (Figure 1). A total of 127
participants were recruited into the study (including seeds); 15
people were HIV+ PWID, 58 were HIV- PWID, and 54 were
HIV+ and not PWID.

In Figure 1 individuals are represented by nodes (dots), and
the color of the node represents which of the three subgroups
a participant was in. The lines connecting nodes indicate a
recruitment path, and all recruitment from each of the seeds
is displayed as a tree. The initial seed is at the top of the tree,
the next wave (one level below) are participants recruited by a
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® HIV+ Not PWID
® HIV+ PWID
® HIV-PWID

FIGURE 1

RDS tree. Each node represents a participant where the roots of each tree are the seed participants, and the edges denote participants recruited

by each seed. The colors indicate the HIV and injection status of the participants. Abbreviations: RDS, respondent-driven sampling, HIV, human

immunodeficiency virus; PWID, people who inject drugs.

TABLE 2 Recruiting matrix.

Recruitee group

HIV- PWID HIV+ & Not PWID HIV+ PWID
Recruiter group N Row % N Row % N Row % Total Row %
HIV- PWID 34 74% 7 15% 5 11% 46 100%
HIV+ & Not PWID 13 24% 38 69% 4 7% 55 100%
HIV+ PWID 9 53% 4 24% 4 24% 17 100%

Recruitment homophily: 1.633

seed, then the next wave (another level down) are those recruited
by the first wave of participants, and so on until the study has
reached the target number of interviews or recruitment stops on
its own. As shown by this figure, cross-group recruitment was
common in the two trees that exceeded more than one wave
of recruitment.

Table 2 presents the matrix of specific recruitment patterns,
i.e, how many people in subgroup 1 recruited people in
group 1, group 2, or group 3, repeating for each group.
Estimated recruitment homophily is 1.633, suggesting there
is a tendency for recruits to be within the same group as
the recruiter overall. HIV- PWID participants were recruited
largely in the same subgroup, with 74% of their recruits
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also being HIV- PWID. Those who were HIV+ and not
PWID were also largely recruited in the same subgroups
(69%). The smallest group of participants, those who were
HIV+ PWID, largely recruited those who were HIV- PWID
(53%), the sole group to recruit mostly across group status.
Although two of the three groups were recruited largely within
the same subgroup, all three of the subgroups were able to
recruit from all of the other groups, just at a lower level of
occurrence. The HIV+ PWID group was by far the group
with the lowest levels of recruitment, even for people who
were themselves HIV4+ PWID. The fact that this is the only
group not able to recruit the majority within the same group
also suggests that people with HIV4+ PWID are potentially
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either scarce or not well connected to one another and to the
other groups.

Discussion

Findings show that recruitment through peer networks
using RDS was possible across all subgroups during COVID-19.
Numerous studies have shown the efficacy of RDS (28, 29) in
recruiting PWID and HIV+ marginalized populations, but the
onset of COVID-19 seems to have disrupted social networks that
underpin this methodology, slowing recruitment (30). While
those in the HIV+ PWID subgroup managed to recruit from
other subgroups of HIV- PWID and HIV+ and not PWID, this
occurred at a lower frequency. In turn, this latter group proved
harder to recruit than the other two. Our data show that some
seeds were extremely productive while others were not. This
trend has been extensively documented in other RDS studies
(31, 32). Unfortunately, while recruitment criteria for seeds such
as connectedness or likeability are important, it is impossible to
predict which seeds will be productive and which will not.

It is likely that social-distancing requirements and the
economic dislocation caused by the measures to control the
spread of the virus have disrupted the social networks that
supported access to HIV treatment and Medically Assisted
Treatment (MAT) and contributed to the barriers for RDS
recruitment. Similar effects have been documented following
natural disasters (33) or economic crises (34). The reduction
of the number of visits both to HIV clinics and to Methadone
and Suboxone programs limited the opportunities for social
interaction. As a result, study participants lost opportunities
to interact with others in their social networks, hurting
recruitment. Furthermore, HIV prevalence among PWID has
consistently decreased not only in Puerto Rico but also at a
national level (35) as a consequence of the introduction of
ARTs, enrollment in MAT, and the adoption of safer drug
injection practices and other harm-reduction policies. As was
the case for HIV+ PWID, COVID-19 also disrupted their social
networks, limiting injection partners but also interactions with
peers enrolled in MAT.

HIV+ stigma and “enrollment fatigue,” after having been
enrolled in numerous studies over time, might also have played
a role in the relatively low intake for RDS. In addition, social-
distancing requirements change the way people who are HIV+
receive health care and other forms of social support (36),
limiting clinic visits and reducing the opportunities for social
interactions with other patients in their social networks.

Despite these challenges, findings show that RDS can be
effectively employed to recruit hard-to-reach populations. While
the evidence for the employment of RDS to recruit PWID
or HIV+ groups during the pandemic is lacking, there is
increasing evidence of successful use of RDS to recruit hard-
to-reach populations beyond those described in this study. For
example, Jonhson et al. resorted to RDS to recruit a sample of
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isolated college students in China to document their views on
mitigation measures (37). Another study by Mukhergee et al.
explored patterns of media consumption during a COVID-19
lockdown in India using a large RDS-recruited sample (38).
These examples illustrate the possibilities of employing RDS
to reach hidden or vulnerable populations not only during
COVID-19 but also during other severe disruptions.

To improve recruitment using RDS during COVID-19
or other big events, researchers could consider consulting
with their Community Advisory Board (CAB) to assess which
barriers might exist to RDS and how best to overcome them. In
addition, knowledgeable and culturally competent research staff
will facilitate a conversation with participants, gaining valuable
first-hand insight into their lived experience of existing barriers
to participation. Finally, increasing the number of seeds might
translate into a higher rate of participants’ accrual. During
our data collection, we expanded seed recruitment beyond our
original target in order to reach highly networked individuals.
As the recruitment trees illustrate, some of these seeds were
extremely productive, boosting enrollment.

Despite the barriers introduced by COVID-19, it is clear
that even in this challenging environment, RDS plays a powerful
role in recruiting hard-to-reach populations. Nevertheless, more
attention should be paid to how future pandemics, natural
disasters, and other big events might affect RDS recruitment
of vulnerable and hard-to-reach populations. Findings might be
transferable to other studies involving marginalized populations
such as men that have sex with men (MSM), sexual workers,
homeless, or undocumented migrants.

Limitations

This study is based on three particular populations, HIV+
PWID, HIV- PWID, and HIV+ living in the metropolitan
area of San Juan, Puerto Rico. Some of the lessons learned
from this study might only apply to these populations or
this setting. That said, we are confident that our findings will
illuminate the challenges of conducting RDS in other hard-
to-reach populations during the pandemic. In addition, the
effects of COVID-19 might not be easily replicated or adapted
to other “big events,” such as natural disasters or large-scale
economic dislocation. Finally, the views of study participants
regarding barriers to recruitment are not included here. While
we understand the value of a qualitative study to document
participants’ experiences using RDS, disruptions introduced by
COVID-19 prevented us from conducting such a study.

Data availability statement
The original contributions presented in the study are

included in the article/supplementary material, further inquiries
can be directed to the corresponding author.
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