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ABSTRACT
HIV remains elevated among female sex workers (FSW) globally, with a number of structural (e.g.,
poverty, access to care) factors driving these persistently high rates. Pre-exposure prophylaxis
(PrEP), a user-controlled prevention method, is a promising means of empowering vulnerable
populations to protect themselves and enhance agency. Yet there is a dearth of PrEP research
and interventions targeting cisgender women in the United States, and even fewer aimed to
reach FSW. We developed and implemented a multifaceted PrEP pilot intervention, the
Promoting Empowerment And Risk Reduction (PEARL) study, to meet this gap. This paper
describes the development process and nature of a community-informed intervention for
tenofovir/emticitrabine (TDF/FTC) pre-exposure prophylaxis engagement among street-based
cisgender FSW in Baltimore, Maryland, U.S. In the course of the study’s implementation,
structural, programmatic, and medical barriers have already posed significant barriers to full
engagement. PEARL implemented a number of strategies in an effort to counter barriers and
facilitate increased success of PrEP uptake and maintenance. The study will provide critical
insights into the nature of intervention components that could help FSW to initiate PrEP and
reduce PrEP care cascade gaps.
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Introduction

HIV rates have been elevated among female sex workers
(FSW) globally for over three decades. It is estimated
that cisgender women who exchange sex for money,
drugs, or goods have 14 times the risk of HIV infection
as compared to cisgender women who do not exchange
sex (Baral et al., 2012). Among the few studies of HIV
among FSW in the U.S., HIV prevalence estimates
have ranged 3.7%–10.9%, yet few prevention efforts
have targeted this population (Miles et al., 2013; Parvez
et al., 2013; Raifman & Sherman, 2018; Sherman et al.,
2019; Tomko et al., 2019). Sex work criminalization
exacerbates FSWs’ HIV risk through a complex array
of socio-structural vulnerabilities (e.g., poverty, housing
instability, stigma, egregious police behaviors) that
shape risk behaviors (e.g., unprotected sex, high-risk
sex partners) as well as foster violence against women,
problematic substance use, and poor health outcomes
(Abad et al., 2015; Buttram et al., 2014; Campbell &

Kinnell, 2000; Decker et al., 2017; Footer et al., 2016,
2019; Goldenberg et al., 2015; Shannon et al., 2008;
Sherman et al., 2019; Surratt et al., 2012). Tailored
PrEP interventions are needed for FSW.

Pre-exposure prophylaxis (PrEP) is a user-controlled
HIV prevention method that offers a means of empow-
ering individuals to protect themselves from HIV even
in the context of enduring socio-structural vulnerability
(Abdool Karim et al., 2012; Glick et al., 2019). Four
clinical trials that included women demonstrated
reductions in HIV acquisition by 49%–79% in intent-
to-treat analyses (Baeten et al., 2012; Choopanya et al.,
2013; Donnell et al., 2014; Marrazzo et al., 2013; Mur-
nane et al., 2013; Thigpen et al., 2012). Two other
large trials ended early due to suboptimal adherence,
highlighting the need to support adherence in future
interventions (Van Damme et al., 2012; Van Der Straten
et al., 2016).

Studies have found high PrEP interest and ease in
taking a pill daily amongst FSW (Eakle et al., 2018;
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Garfinkel et al., 2017; Glick et al., 2019; Koechlin et al.,
2017; Peitzmeier et al., 2017; Shea et al., 2019; Tomko
et al., 2019). In one Baltimore-based study, while only
20% of FSW had heard of PrEP, the vast majority
(74%) were interested upon learning about it (Tomko
et al., 2019). While domestic and international PrEP
policy recommendations have resulted in increased
FSWs’ PrEP engagement (Cowan et al., 2018; Eakle
et al., 2017), little has been done in the U.S. to include
FSW in current PrEP initiatives (Raifman & Sherman,
2018; WHO, 2015).

In response to this gap, we developed and delivered a
multifaceted PrEP intervention, the Promoting Empow-
erment And Risk Reduction (PEARL) study. PEARL
had three aims: (1) to employ community-engaged for-
mative research to inform the development of an inter-
vention tailored for cisgender FSW (hereafter referred
to as “FSW”); (2) to assess PEARL’s acceptability, feasi-
bility, and preliminary efficacy on PrEP uptake and
adherence; and (3) to explore patterns and predictors
of PrEP adherence. Here, we outline PEARL study pro-
tocols and explore emergent challenges to study
implementation to inform future PrEP interventions
among this understudied population.

Methods

Study design

To optimize the relevance and effectiveness of the study
(Aim 1), the intervention was informed by systematic
literature reviews, (Glick et al., 2019, 2020) focus groups
with FSW, and key informant interviews with providers.
Incorporating these perspectives enhanced the rel-
evance of PEARL to the needs of the target population.
Aim 2 involved intervention and retention components
(daily text message reminders, peer navigation, and
small group sessions), and assessed the intervention’s
feasibility, acceptability, and preliminary efficacy on
PrEP uptake and adherence among intervention versus
control participants at 6-month follow-up. Aim 3
explored correlates (e.g., homelessness, violence) of
PEARL’s efficacy among intervention participants on
drug adherence measured at baseline, 3, and 6 months
by plasma and dried blood spots (DBS). The study
was reviewed and approved by the Johns Hopkins
Bloomberg School of Public Health Institutional Review
Board.

Setting and participants

In June 2019, PEARL was implemented at the SPARC
(Sex Workers Promoting Action, Risk Reduction, and

Community Mobilization) Center, a harm reduction
drop-in center that provides low-barrier medical (e.g.,
reproductive health, STI clinic, wound care), social,
legal, and drop-in services at no cost. While SPARC is
open to anyone who does not identify as a man, services
are specifically promoted to women who use drugs and/
or trade sex in Baltimore. Locating PEARL at SPARC
provided additional opportunities to encounter partici-
pants in person, provide adherence counseling, and
remind participants about PEARL study visits.

Recruitment
Recruitment occurred from June 2019 to March 2020 at
SPARC and on foot and mobile outreach, offering bus
tokens to those in need. Participants were also recruited
through promotional flyers at partnering organizations
and relevant research studies. Due to shut-down man-
dates from the Maryland Governor in March 2020, all
research activities were suspended.

Inclusion and exclusion criteria
Women were screened using a brief socio-demographic
questionnaire and clinical testing. Eligibility criteria
were: (1) age 18+; (2) cisgender woman; (3) HIV nega-
tive; (4) not pregnant or planning to become pregnant
in the next 6 months (per BCHD policy); and (5) traded
sex for money or drugs at least three times in the past
three months. Women were excluded if they were: (1)
taking PrEP; (2) did not agree to share data with the
BCHD; and (c) unable to provide informed consent
(e.g., language barriers, cognitive impairment). We
initially excluded women if they did not own a cell
phone; however, this criterion was a significant recruit-
ment barrier and was thus lifted to recruit a more repre-
sentative sample of FSWs.

Screening
Enrollment was conducted at SPARC two days a week,
five hours a day. Interested women met with study staff
in a private office to learn about the study and if inter-
ested, be screened for study inclusion. If tentatively eli-
gible, participants consented to health screening, which
included blood draws and test results sharing with
BCHD.

Potential participants then met with a Certified
Registered Nurse Practitioner (CRNP) as part of stan-
dard BCHD protocol, which included but was not lim-
ited to: (1) pre-test HIV counseling; (2) a rapid HIV Ab/
Ag screening test; (3) bloodwork including a complete
metabolic panel and hepatitis B serology; (4) a preg-
nancy test, and (5) HIV and pregnancy test results. All
potential participants were offered STI and hepatitis C
virus screening. Counseling, treatment, and linkage to
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care was offered to participants with positive or abnor-
mal results. If a woman was HIV negative and not preg-
nant, she was offered PEARL enrollment and consented
if interested.

Once enrolled, the CRNP provided medication and
adherence counseling, reviewed the follow-up plan,
and provided a 30-day prescription for TDF/FTC so
the participant was able to start PrEP the same day as
study enrollment while waiting for lab results. When
lab results returned, the CRNP contacted the participant
to review results and provided counseling on continu-
ation, or if medically necessary, discontinuation of
PrEP and linkage to care. Participants received prescrip-
tions at a pharmacy of their choice and were informed
of a partnered pharmacy within walking distance that
covered co-pays.

Randomization and control condition

Participants were randomized to control and interven-
tion after completion of the baseline survey. The control
condition was “standard of care” comprised of HIV risk
reduction counseling and PrEP referral. All participants
were able to receive PrEP standard of care with a CRNP
using Baltimore City Health Department (BCHD) stan-
dard guidelines for PrEP care. An overview of the study
design is shown in Figure 1; intervention components
are described below.

Intervention

The intervention arm included control conditions and sev-
eral components that have proved effective among other
populations but have yet to be piloted among FSWs: peer
navigators, mHealth, and small group sessions.

Peer navigators
Peer navigators (PNs) were selected based on FSW prefer-
ences (e.g., shared lived experience, respectful demeanor),
uncovered through formative research. Peers are defined
here as individuals with relevant lived experience who
could empathize with experiences of stigma, marginaliza-
tion, druguse, andHIV risk. Previous research has demon-
strated that PNs can be instrumental to connect
underserved populations to such resources as health edu-
cation, harm reductionprograms (i.e., syringe services pro-
grams (SSPs)), and linkage to care (e.g., HIV, HCV)
(Cunningham et al., 2018; Latkin, 1998; Latkin et al.,
2003; Mayer et al., 2018; Purcell et al., 2007; Tobin et al.,
2011; Weeks et al., 2009). PNs were matched with partici-
pants at enrollment and supported them throughout their
intervention engagement. PNs provided: face-to-face and
phone counseling; appointment reminders; service

coordination; referrals; harm reduction supplies, and
accompanying participants to medical and social service
appointments at the study location and elsewhere.

Mhealth
mHealth is the use of mobile and wireless technologies to
support health promotion and has been usedwith numer-
ous populations, yet use with FSW is limited (Catalani
et al., 2013; Cooper et al., 2017). We designed a two-way
textmessaging system that sent automated dailymessages,
including appointment and daily medication reminders
for intervention participants with cell phones. Interven-
tion participants also receivedweeklymessages requesting
their self-reported PrEP adherence. PNs helped partici-
pantswithout phones apply for one through a free govern-
ment cell phone program. Study participation was not
predicated on cell phone ownership.

Small group sessions
Wedeveloped four 2-hour guided sessions to foster a sense
of community and supportive norms around PrEP uptake
and adherence, emphasizing the self-care and empower-
ment potential PrEP affords. Sessions positioned PrEP in
a broader framework of access and barriers to care, provi-
der/patient communication, sexual health, HIV/STI edu-
cation, harm reduction, stigma, and health/science
literacy. The bi-weekly sessions occurred at the SPARC
Center andwere co-led by the PNs, CRNP, and study coor-
dinator. Lunch was provided and participants were com-
pensated $25 per session. Participants were encouraged
to attend four sessions and received a certificate of com-
pletion upon doing so.

Data collection

PEARL consisted of baseline, 3-, and 6-month study vis-
its, each of which included a survey, bloodwork, case
management services, and compensation for control
and intervention participants. Baseline visits were the
most intensive and lasted approximately 2 h. The
audio computer-assisted self-interview (A-CASI) survey
lasted 45–60 min. Survey items, informed by the litera-
ture and our prior research, included: socio-demo-
graphics and structural vulnerabilities; health service
access and utilization; HIV/STI history and risk beha-
viors; PrEP use, interest, barriers, and facilitators; sex
work history; sexual and physical violence; arrest and
prison history; stigma; police encounters; social support;
resilience; and mental health history (Decker et al.,
2017; Sherman et al., 2019). A whole blood sample
was collected at baseline and both follow-up visits for
tenofovir diphosphate testing through dried blood
spot and plasma, conducted at the Hopkins’ Clinical
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Pharmacology Analytical Laboratory. At the last study
visit, intervention participants were invited to partici-
pate in a 45-minute qualitative interview led by an
experienced ethnographer to discuss PrEP and the
acceptability of study content and delivery. These inter-
views gauged participants’ exposure to and perceptions
of novel intervention components (e.g., mHealth, small
group sessions, PNs).

Participant incentives

If participants completed the initial screener but were
ineligible due to HIV or pregnancy status, they received
a $15 gift card for their time. Participants received $50
for their baseline visit, $25 for their 1- and 3-month

visits, and $50 for their 6-month visit. Intervention par-
ticipants who attended the small group sessions received
$25 for each session. Intervention participants who par-
ticipated in qualitative interviews after study completion
received an additional $25.

Results

Recruitment and enrollment

A total of 90 FSWs were recruited between June 2019 to
March 2020, at which point the COVID-19 pandemic
disrupted recruitment and data collection. 43% (N =
39) of the women recruited were enrolled. A CONSORT
diagram (Figure 2) describes the flow of FSWs from
recruitment to enrollment.

Figure 1. Study process diagram.
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Two-thirds of those screened met all eligibility cri-
teria. 28% had not recently traded sex and 6% were
pregnant or living with HIV, thus excluding them
from participation. Five women were lost to follow-up
before health eligibility could be established as the on-
site provider was unavailable or unable to draw blood,
so women were directed to an off-site blood draw
location but never returned to complete enrollment.

Forty-eight eligible women were invited to participate
in PEARL and underwent further bloodwork to determine
PrEP candidacy. Again, 10% of eligible women were lost to
follow-up due to inability to draw blood on-site the same
day. Three of the women who completed the necessary
bloodwork were found to have decreased kidney function
that needed to be addressed before the CRNP could pre-
scribe PrEP. None of these women returned to re-enroll.
Ultimately, 39 women were enrolled in PEARL and ran-
domized into intervention (n = 19) and control groups
(n = 20). The study was not powered to detect differences
in drug adherence between the two arms, yet the smaller
than expected sample size limited a modest examination
of the intervention’s impact.

Baseline socio-demographics

Baseline socio-demographic information can be seen in
Table 1. The study sample contained a balance of non-

Hispanic Black and White women and had a median
age of 40 (interquartile range: 33–48). Most participants
reported recent drug use (97%). Participants lived in a
median of four places and 92% experienced homelessness
in the past six months. Analyses of relevant demographic
data show that there are very few significant differences
between the intervention and control groups.

Challenges to implementation

Substantial barriers impacted the ease of PEARL recruit-
ment, efficacy of intervention components (mHealth,
small group sessions, PNs), and the study’s ability to
quickly adapt to unexpected challenges in real time.
PEARL implementation was hindered by structural
constraints beyond individual control, medical compli-
cations and mistrust, and programmatic hurdles
inherent in the system itself. By discussing these
obstacles, we aim to better inform future interventions
to promote PrEP uptake and adherence among FSWs.

Structural barriers, including unstable transpor-
tation, criminalization, and financial constraints
reduced participation over time. Intermittent phone
access and housing instability challenged follow-up
and PN’s ability to support adherence. Several partici-
pants had their medication stolen or lost. Although
SPARC offered access to secure lockers for client use,

Figure 2. CONSORT diagram describing participant recruitment for PEARL at baseline.
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lockers were unavailable during evenings and weekends.
Further, follow-up was challenged by participants
moving, becoming incarcerated, or entering inpatient
rehab.

There were significant barriers to obtaining the
necessary bloodwork and samples for PrEP prescription
and maintenance. Many participants had limited and
complex vasculature (e.g., collapsed and inaccessible
veins) due to long-term injection drug use, dehydration,
and malnourishment that made it difficult to draw
blood. Some participants were withdrawn from the
study for various clinical reasons, including decreased
kidney function (n = 3), positive HIV status (n = 3),
and positive Hepatitis B status, per BCHD policy (n =
1). Some participants reported side effects with taking
TDF/FTC, such as nausea and headache, which resulted
in skipping pills or stopping the medication. Moreover,
medical mistrust and concern regarding the class action
lawsuit against Gilead regarding TDF/FTC obstructed
PrEP uptake among some participants.

Efforts to overcome these structural and medical
challenges, discussed in full below, resulted in additional
programmatic barriers. Though partnerships with
BCHD and the lab enabled the provision of more com-
prehensive health services, emergent and necessary
changes to study procedures (e.g., distributing bus
tokens) were impeded by the extensive internal approval
processes and memorandums of understanding associ-
ated with collaboration.

Given provider availability, PEARL recruitment and
follow-up was limited to two days a week with one phle-
botomist and one CRNP who could prescribe PrEP,

providing a narrow window for study activities. When
the phlebotomist or CRNP were unavailable, recruit-
ment paused. Furthermore, the phlebotomist was
newly certified at study commencement and was chal-
lenged by many “hard sticks” due to the compromised
vasculature of many of the participants discussed above.

Overcoming implementation challenges

PEARL implemented various strategies to counter these
barriers and to facilitate PrEP uptake and maintenance
among FSWs in real time. For example, we began issu-
ing bus tokens to address transportation barriers. Pay-
ment for various study components motivated
participation, yet many obstacles persisted.

To counter blood draw issues, the phlebotomist con-
tinuously worked to hone her skills through continuing
education training and extensive mentorship and gui-
dance from phlebotomists at BCHD. Further, she uti-
lized single use heating packs and an LED vein finder.
When the phlebotomist was unable to successfully per-
form venipuncture, participants were brought to an out-
side facility to more experienced phlebotomists.
Additionally, SPARC had signage in the waiting room
encouraging clients to drink water. SPARC also pro-
vided electrolyte replacement fluids and protein shakes
as needed. SPARC clients could receive daily snacks,
weekly emergency food bags, and weekly fresh veg-
etables, all of which helped counter malnourishment
and made it easier to access veins and, therefore,
improve PrEP persistence and study engagement.

Table 1. Descriptive statistics of socio-demographic information for participants (N = 39).

Variable
Total (N = 39) Control (N = 20) Intervention (N = 19)

p-valueaN (col %) N (row %) N (row %)

Age (median, IQR) 40 (33–48) 38 (32–44) 42 (33–49) 0.383
Race/ethnicity 0.205
Non-hispanic white 20 (51.3) 8 (40.0) 12 (63.2)
Non-hispanic black 19 (48.7) 12 (60.0) 7 (36.8)

Highest educationb 0.507
Less than high school 12 (31.6) 7 (58.3) 5 (41.7)
Graduated high school/GED 11 (28.9) 7 (63.6) 4 (36.4)
Some higher education 15 (39.5) 6 (40.0) 9 (60.0)

Structural insecurity (6 months)
Experienced homelessnessb,c 32 (82.0) 16 (50) 16 (50) 0.661
Number of places stayed or livedb,c (median, IQR) 4 (2–8) 3.5 (2–6.5) 4.5 (3–9) 0.4177
Go to bed hungry at least once a weekc 26 (66.7) 10 (38.5) 16 (61.5) 0.041

Drug use
Ever injected drugs 19 (48.7) 8 (42.1) 11 (57.9) 0.343
Recent injection drug usec 2 (5.1) 1 (50) 1 (50) 1.000
Recent heroin usec 29 (74.4) 14 (48.3) 15 (51.7) 0.716
Recent crack or powdered cocaine usec 35 (89.7) 19 (54.3) 15 (45.7) 0.342

Sex work
Number of paying clients in the past weekb (median, IQR) 3 (1–10) 2.5 (1–11) 3 (1–10) 0.6805

Continuous variables of displayed as median (interquartile range).
ap-values were tested the difference between the two groups: Fisher’s exact test for categorical variables and Wilcoxon rank-sum test for continuous variables.
bN = 38.
cReported within the past 6 months.
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To counter medical barriers, all participants who
reported side effects were offered countermeasures,
including over-the-counter analgesics and prescription
anti-nausea medication. Medical concerns were miti-
gated by counseling at baseline on the basic pharma-
cology, safety, efficacy, side effects, and box warnings
of TDF/FTC for all participants. All SPARC staff were
informed about the latest PrEP research and were able
to dispel myths about the class action lawsuit against
Gilead and offer guidance about side effects (e.g., nausea
and headache are temporary and do not pose a serious
risk, over-the-counter medications can help mitigate
side effects). The CRNP was involved in training staff
and met with participants regularly to answer any
questions.

Discussion

PEARL was the first randomized pilot intervention
aimed to develop a comprehensive PrEP adherence pro-
gram and to examine its impact of PrEP uptake against
standard of care among FSW in the US. It was informed
by extensive formative research to build a nuanced
approach to support PrEP adherence and persistence
(Glick et al., 2020; Tomko et al., 2019). The study pro-
vided critical insights into the nature of novel interven-
tion components (i.e., mHealth, small group sessions,
PNs) that could help FSWs to initiate PrEP and reduce
PrEP care cascade gaps. The PEARL intervention tar-
geted adherence and focused on bolstering women’s
peer support and provider engagement, which could
substantially strengthen PrEP efforts within the FSW
community in Baltimore and elsewhere. Results from
PEARL will inform future integrated interventions tar-
geting similar populations.

PrEP care at SPARC provided FSWs an opportunity
to positively engage with the healthcare that was tailored
to their needs in an affirming space (Cowan & Delany-
Moretlwe, 2016; Ortblad & Oldenburg, 2018). In
addition to existing legal and social services at SPARC,
PEARL’s partnership with BCHD expanded clinical ser-
vices beyond PrEP and included STI screening and
treatment, HIV testing and linkage to care, expanded
contraception services, wound care, and HCV treat-
ment. These services improved the health and wellbeing
of FSWs and also supported participant recruitment and
retention as participants visited SPARC for a range of
health and social services regularly, not solely for
PrEP. However, this pilot intervention revealed chal-
lenges to developing and implementing PrEP interven-
tions for FSW.

Challenges to recruitment and follow-up predated
the COVID-19 pandemic; however, COVID-19 and

mandated shutdowns aggravated existing vulnerabilities
in this population and disrupted access to essential ser-
vices (e.g., increased arrests, fines, accessing health ser-
vices) (Platt et al., 2020). SPARC was forced to
temporarily restrict access to on-site resources and
reduce the number of services provided to reduce the
risk of COVID-19 infection for staff and clients, while
expanding the outreach program. While this disruption
hindered PEARL’s progress and impact, it also under-
scores the precarity of service access for FSWs, includ-
ing PrEP, and the need for tailored interventions. The
experiences of implementing this pilot intervention
highlight the importance of flexibility as interventions
identify barriers and adapt in real time to better reach
FSWs and reduce HIV transmission worldwide.
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