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Abstract

Despite growing availability, HIV pre-exposure prophylaxis (PrEP) uptake and adherence remains 

suboptimal among female sex workers (FSW) in the United States. Using cross-sectional data 

from a survey of 236 street-based cisgender FSW in Baltimore, Maryland, we examined interest in 

event-driven and long-acting PrEP formulations. Latent class analysis identified discrete patterns 

of interest in five novel PrEP agents. Multinomial latent class regression then examined factors 

associated with probabilistic class membership. A three-class solution emerged as the best-fit 

latent class model: Injectable Acceptors (~ 24% of sample), Universal Acceptors (~ 18%), and 

Non-Acceptors (~ 58%). Compared to Non-Acceptors, Universal Acceptors had significantly (p 
< 0.05) higher odds of reporting condomless vaginal sex with clients, client condom coercion, 

and client-perpetrated physical violence. Relative to Non-Acceptors, Injectable Acceptors were 

distinguished by significantly higher rates of condomless vaginal sex with clients and injection 

drug use. Expanding PrEP options for FSW could help overcome barriers to PrEP initiation and 

persistence.
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Introduction

Pre-exposure prophylaxis (PrEP) is an empowering biomedical HIV prevention tool for 

women experiencing elevated occupational risk of HIV infection, including female sex 

workers (FSW). In 2018, women accounted for one of every five new HIV diagnoses in the 

United States [1] but fewer than 5% of all PrEP prescription recipients [2]. PrEP is optimally 

suited for FSW, who experience overlapping burdens of substance use [3, 4], violence and 

sexual coercion [5–7] that synergistically elevate HIV [8] and sexually transmitted infection 

(STI) risks [9]. In the United States, FSW are nearly nine times more likely to be living 

with HIV relative to women in the general population [10]. Increasing PrEP coverage in this 

population through tailored interventions is, therefore, an urgent HIV prevention priority.

While willingness to use PrEP has been widely documented among FSW globally [11–15], 

PrEP uptake and persistence (9–30% at 12 months) remain suboptimal [16–18]. Large 

multi-site trials have attributed attenuations in the effectiveness of daily oral PrEP among 

women to poor adherence [16, 19–22]. Daily pill burdens [23–26], healthcare inaccessibility 

[27, 28], layered stigma (i.e., sex work, drug use) [28–30], limited opportunities for 

safe medication storage [29], and concerns about side effects [14, 27, 31] are frequently 

cited barriers to oral PrEP uptake and persistence among FSW. These barriers are further 

amplified by high levels of structural vulnerability among FSW, specifically homelessness 

[32, 33], food insecurity [33], and lack of health insurance [34]. Given the competing 

survival needs and healthcare access barriers experienced by FSW, the attributes of currently 

available PrEP formulations (i.e., pills requiring near-daily adherence for optimal protection) 

could render this HIV prevention tool undesirable or infeasible for the women who could 

benefit from it most.

Promising evidence shows alternative PrEP formulations in the development pipeline 

have comparable, even improved, protective efficacy compared to daily oral PrEP. Novel 

PrEP agents include long-acting injectables (in the arm or abdomen); topical microbicidal 

gels (administered vaginally or rectally); passive antibody transfer through intravenous 

infusion; vaginal rings; and subdermal implants [35, 36]. These non-oral and non-daily 

PrEP formulations have generated considerable scientific attention, given their potential 

to increase uptake and adherence in women with elevated HIV risk, such as FSW, 

for whom daily oral PrEP may be clinically indicated [37] but infeasible in practice. 

For example, in a preliminary study, long-acting injectable cabotegravir (administered 

bimonthly) demonstrated superior protection against HIV acquisition (> 80%) relative to 

daily oral PrEP [38]. In studies measuring acceptance of hypothetical event-driven and 

long-acting PrEP agents, injectable formulations have garnered the most interest among 

FSW [27, 39, 40].
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Given attribute heterogeneities of these novel PrEP technologies, situating FSW’s 

formulation preferences in the context of competing priorities, health needs, and risks is 

crucial for identifying suitable and acceptable HIV prevention alternatives to daily oral 

PrEP. In addition to injectables, multipurpose technologies like vaginal rings and subdermal 

implants may appeal to women seeking dual protection against HIV and pregnancy [41–

43]. Likewise, topicals gels appeal to women with episodic/intermittent HIV risk who 

may gravitate towards event-driven HIV prevention options [23, 44]. However, interest 

among FSW, whose HIV risk may be more consistent, is insufficiently characterized in 

the literature, particularly in concentrated HIV epidemic settings like the US. In addition 

to protective duration (e.g., long-acting or shorter-term methods), product attributes like 

application site, point of service delivery, and partner awareness are salient factors shaping 

women’s interest in novel PrEP agents [45–48]. Understanding how FSW’s interests in 

these hypothetical PrEP formulations maps onto the everyday HIV vulnerabilities and 

risks environments, from unstable housing to intimate partner violence, can help guide 

development and introduction of products with greatest potential to address persistent PrEP 

uptake and adherence challenges among FSW.

Responding to these evidence gaps, this study compares interest in various non-oral and 

non-daily PrEP formulations among street-based FSW in Baltimore, Maryland. Specifically, 

this study examines multilevel factors associated with interest in five hypothetical event-

driven and long-acting PrEP formulations. Findings will inform which combinations of PrEP 

formulations are most appealing to FSW and how these identified patterns of PrEP interest 

may vary among FSW with different social, occupational, and structural vulnerability 

characteristics.

Methods

Study Population and Recruitment

Data are derived from the baseline assessment of The Sex Workers And Police Promoting 

Health In Risky Environments (SAPPHIRE) study in Baltimore, Maryland [32]. Between 

April 2016 and August 2017, a prospective cohort of 312 cisgender and transgender 

women engaged in street-based sex work were recruited via targeted sampling in Baltimore 

City. Recruitment zones were selected through triangulation of primary and secondary 

data sources—including geospatial analyses of prostitution charge data, heatmapping of 

emergency call center reports, unstructured observations (“windshield tours”), ridealongs 

with Baltimore City Police Department, and key informant interviews—to identify public 

spaces of possible sex work activity [49]. Women were approached in recruitment zones 

and invited to participate in the study if they met the following eligibility criteria: (1) were 

aged 15 years or older; (2) sold or traded oral, vaginal, and/or anal sex for money, material 

goods (i.e., food or drugs), or favors; (3) picked up clients on the street or in public spaces 

(e.g., parks) 3+ times in the past 3 months; and (4) expressed willingness to undergo HIV 

and STI testing [50]. The analytic sample for this study includes only cisgender participants 

(participants who were assigned female at birth and who currently identify as women), as 

the PrEP formulations included in the survey differed between cisgender and transgender 
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participants to account for distinct biological mechanisms underpinning HIV risk and routes 

of PrEP administration.

Study Procedures

After providing written informed consent, participants completed a 50-min interviewer-

administered, computer-assisted survey assessing FSW demographics, sex work history, 

police and client interactions, housing and finances, sexual and drug use behaviors, and 

healthcare access. A rapid HIV test was administered following survey completion, and 

results were shared with participants. Referrals to case management, counseling, healthcare, 

and drug treatment programs were made for participants who expressed interest in health 

and social services. Biological specimens (vaginal swabs and urine collection) were 

collected for gonorrhea, chlamydia, and trichomonas serology on the van and sent to the 

Johns Hopkins International STD Research Infectious Diseases Laboratory for testing. 

Positive STI results were forwarded to disease intervention specialists at the Baltimore City 

Health Department, who notified participants and their partners of the results and referred 

them to treatment services. Participants received a $70 pre-paid gift card for completing the 

baseline survey and HIV/STI testing.

Measures

Outcomes—Acceptability of various event-driven and long-acting PrEP formulations was 

assessed by asking women, “Would you be interested in using PrEP in the form of any 

of the following?” Interest in each modality was measured dichotomously, with affirmative 

responses captured as endorsement of interest in a particular modality compared to all other 

response options (i.e., “no”, “not sure”, “refused”). Queried hypothetical PrEP formulations, 

routes and frequency of administration, and delivery settings are described in Table 1.

Independent Variables—The risk environment framework [51], coupled with our 

previous work with sex workers [15, 27, 32, 52] and other marginalized populations [53, 

54] in Baltimore City, guided the selection of multi-level, mutually reinforcing factors to 

assess in relation to HIV risk and subsequent interest in event-driven and long-acting PrEP 

formulations. These covariates are operationalized below.

Socio-demographics: Demographic characteristics assessed included age (in continuous 

years), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic or other), 

educational attainment (completed high school/GED vs. did not), and relationship status 

(married or in a partnership vs. single).

Structural Vulnerabilities: Numerous indicators assessed recent (past 3 months) structural 

factors heightening FSW’s vulnerability to risky sexual and drug use behaviors with 

potential to amplify HIV risk. These dichotomized measures included housing instability 

(living in ≥ 3 places), arrest or incarceration, unemployment (no formal full- or part-time 

employment), having financial dependents (any-one who relies on the participant for 

financial support), and food insecurity (going to bed hungry because there was not enough 

food at least one day in the past week).
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Sex Work Characteristics: Variables assessing entry into and sex work characteristics 

included entering sex work as minor (started sex work before age 18), being trafficked into 

sex work (being tricked, misled, coerced/threatened, or physically forced into sex work), 

duration in sex work (< 1, 1–5, 5+ years), daily sex work (sells/trades sex every day vs. not 

every day), and number of clients in the past 3 months (dichotomized at the median response 

of 30 clients).

Condom Use: Four dichotomous indicators were created to indicate any condomless vaginal 

or anal sex with clients (i.e., partners with whom participants had oral, vaginal, or anal sex 

for money, food, drugs, or favors) and non-paying (i.e., romantic) partners in the past 3 

months.

Violence: Recent (past 3 months) experiences of any physical and sexual violence, by 

clients and non-paying partners, were assessed via six dichotomous indicators using items 

adapted from the Revised Conflict Tactics Scale, a widely used validated measure of 

intimate partner violence [55]. Sexual violence was defined as being pressured, coerced, 

or forced into having sex. Physical violence was defined as being hit, punched, slapped, 

physically hurt, or threatened/hurt with a weapon. Condom coercion was defined as any 

experience where a client or non-paying partner refused a condom before sex or removed a 

condom during sex after initially agreeing to use one.

Police Avoidance Strategies: Policing practices, including targeted stopping and perceived 

threat of arrest, have been shown to influence sex workers’ decision-making around spaces 

where they sell/trade sex, clients to whom they sell/trade sex, and practices for screening 

clients and negotiating sex [52]. Responses to the following indicators of police avoidance 

strategies in the previous year were captured dichotomously: (1) avoided carrying condoms; 

(2) moved to an unfamiliar area for clients; and (3) rushed negotiations with clients.

Substance Use: A number of survey items assessed injection drug use behaviors. Responses 

were used to create the following categories of injection related HIV risk behaviors in 

the past 3 months: no injection drug use, injected drugs without sharing syringes, and 

injected drugs and shared syringes. Daily binge drinking was captured dichotomously 

from “daily or almost daily” responses to a single item measuring alcohol consumption 

frequency, adapted from the Alcohol Use Disorders Identification Test–Concise (AUDIT-C)

—a validated, widely used instrument assessing hazardous drinking behaviors in adults [56].

Analysis

The analytic sample was restricted to HIV-seronegative cisgender participants at baseline (N 
= 236), verified by rapid HIV testing. Descriptive statistics were first calculated to explore 

covariate distributions in the study population, including frequency measures for socio-

demographic characteristics, HIV risk environment factors, and endorsement of interest in 

event-driven and long-acting PrEP formulations.

To examine whether FSW’s interest in event-driven and long-acting PrEP agents clustered 

around product attributes (e.g., formulation type, site of administration, use frequency, 

dispensing venues), latent class analysis was used to identify mutually exclusive and 
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discrete response patterns in items measuring FSW’s interest in various PrEP formulations. 

Compared to traditional covariate-driven regression approaches, latent class analysis 

estimates unobservable (latent) subgroups from item-response patterns for specific variables, 

specified a priori [57]. This subject-oriented approach to data analysis helps identify 

homogenous subgroups of FSW, characterized by interest in hypothetical PrEP formulations, 

that would be otherwise unobservable using classical regression techniques on individual 

variables.

Using dichotomous items measuring FSW’s interest in five event-driven and long-acting 

PrEP formulations (Table 1), two-, three-, and four-class models were iteratively estimated. 

Model fit indices and distinguishability of item-response probabilities, conditioned on 

predicted probability of latent class membership, guided selection of the final latent class 

solution [57, 58]. Inspected fit indices included the chi-square likelihood ratio test (χ2 LRT) 

[59], Akaike and Bayesian Information Criteria (AIC and BIC, respectively) [57], entropy 

[60], Vong–Lo–Mendell–Rubin likelihood ratio test (VLMR-LRT) [61], and bootstrap 

likelihood ratio test (BLRT) [62, 63].

After identifying the optimal latent class model fit for the data, post-estimation multinomial 

latent class regression using the R3STEP method identified associations of HIV risk 

environment characteristics with probabilistic latent class membership. Compared to two-

step (fit-then-analyze) approaches, where subjects are assigned to a single latent class 

based on their most likely (highest) predicted probability of class membership [57, 64], 

the R3STEP procedure evaluates covariate differences between enumerated latent classes 

without altering fitted latent class model parameters [65]. Because latent class analysis 

enumerates subgroups based on item-response probabilities conditioned on posterior 

probabilities of class membership, both of which are measured with error, the R3STEP 

method accounts for measurement error from latent class enumeration when regressing 

probabilistic latent class membership onto specified covariates, yielding more accurate 

standard errors. HIV risk environment covariates significantly associated with latent class 

membership at the p < 0.05 level were further inspected in multivariable analysis, adjusting 

for socio-demographics and sex work characteristics. Data were managed and descriptively 

analyzed in Stata/IC 15.1 (StataCorp®, College Station, TX). Latent class analyses and 

regressions were implemented in MPlus 8.3 (Muthen & Muthen®, Los Angeles, CA).

Results

Sample Characteristics

Table 2 presents descriptive sample statistics. The median age was 35 years (range 18–61 

years). Most FSW were non-Hispanic white (66%), and nearly one-fourth (23%) identified 

as non-Hispanic black. Half did not complete high school (52%). With respect to structural 

vulnerabilities, over half reported unstable housing (56%), unemployment (92%), and 

weekly food insecurity (53%) in the past 3 months. Past-year arrest/incarceration (46%) 

was frequently reported. Over one-third (39%) had financial dependents. About half of FSW 

reported selling sex for 5 years or longer (50%). Few reported initiating sex work as minors 

(20%) or being trafficked into sex work (8%). Most FSW reported selling sex daily (66%). 
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About half of participants (55%) reported having 30 or more sex work clients in the past 3 

months.

Sexual risks and violence were prevalent among FSW. Over one-third of participants 

reported condomless vaginal sex with clients (38%) and non-paying partners (44%). Relative 

to vaginal sex, condomless anal sex in the past 3 months was reported less frequently with 

clients (8%) and non-paying partners (17%). Recent condom coercion (by clients: 42%, by 

non-paying partners: 10%), sexual violence (by clients: 30%, by non-paying partners: 9%), 

and physical violence (by clients: 19%, by non-paying partners: 15%) were disconcertingly 

high.

Police avoidance strategies were endorsed with notable frequency among FSW. In the past 

12 months, over half (57%) reported rushing negotiations with potential clients to avert 

police detection. Furthermore, 23% and 14%, respectively, reported moving to an unfamiliar 

area to sell sex and avoided carrying condoms. Finally, in terms of substance use, a majority 

of FSW (70%) reported injection drug use in the past 3 months, over half of whom (39%) 

shared syringes.

Acceptability of Event-Driven and Long-Acting PrEP Formulations

Interest in novel event-driven and long-acting PrEP agents fluctuated widely (Table 1). 

Quarterly arm injections were the most popular (56%). Interest dipped substantially when 

FSW were queried about quarterly abdomen injections (29%), vaginal rings (replaced 

monthly) (25%), gels applied topically to the vagina before penetrative sex (25%), and 

quarterly intravenous infusions of broadly neutralizing antibodies against HIV (20%). 

Approximately two-thirds (67%) reported interest in at least one event-driven or long-acting 

PrEP formulation.

Identifying Clusters of Interest in Event-Driven and Long-Acting PrEP Using Latent Class 
Analysis

Table 3 presents fit indices for the two-, three-, and four-class models of event-driven and 

long-acting PrEP formulation acceptability. Three model fit indices (χ2 LRT: 37.260, p < 

0.001; BIC: 1273.372; entropy: 0.841) favored selection of a three-class solution, relative to 

other enumerated latent class models. The three-class model was also preferred because of 

meaningful and interpretable differences in item-response probabilities between enumerated 

classes.

Figure 1 illustrates posterior class membership probabilities and item response probabilities, 

conditioned on class membership, for the three-class model. Class 1 (24% sample 

prevalence, Injectable Acceptors) was characterized by high interest (> 60%) in only 

injectable PrEP formulations (arm: 93%; abdomen: 71%) but lower interest in other 

formulations, including vaginal gels (15%), intravenous infusion (34%), and vaginal rings 

(0%). Class 2 (18% sample prevalence, Universal Acceptors) was characterized by high 

interest (> 60%) across event-driven and long-acting PrEP formulations (arm injectable: 

94%, abdomen injectable: 64%, vaginal gel: 63%, intravenous infusion: 67%, vaginal ring: 

100%). Lastly, Class 3 (58% sample prevalence, Non-Acceptors) was characterized by 

generally low acceptance (< 50%) across PrEP formulations (range 0–29%). The most 

Rosen et al. Page 7

AIDS Behav. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



popular hypothetical PrEP formulations in this class were arm injectables (29%), vaginal 

gels (17%), and vaginal rings (12%).

Multilevel Factors Associated with Probabilistic Latent Class Membership

Table 4 presents adjusted (multivariable) associations between probabilistic latent class 

membership and HIV risk environment characteristics, identified in multinomial latent class 

regression. Relative to Non-Acceptors, Injectable Acceptors had significantly higher odds 

of condomless vaginal sex with clients [adjusted odds ratio (aOR) 2.35, 95% confidence 

interval (CI) 1.01–5.45, p = 0.047] and injection drug use (aOR 3.64, 95% CI 1.23–10.77, 

p = 0.020). Injectable Acceptors class membership was only marginally associated with 

avoiding carrying condoms to avert police detection (aOR 3.18, 95% CI 0.88–11.49, p = 

0.077) compared to Non-Acceptors.

Likewise, relative to Non-Acceptors, Universal Acceptors exhibited significantly higher 

odds of condomless vaginal sex with clients (aOR 2.28, 95% CI 1.02–5.11, p = 0.044) 

as well as client-perpetrated condom coercion (aOR 2.66, 95% CI 1.18–5.78, p = 0.018) 

and sexual violence (aOR 3.18, 95% CI 1.38–7.29, p = 0.006), respectively. Although 

significantly higher among Universal Acceptors in bivariate analysis, client-perpetrated 

physical violence (aOR 2.44, 95% CI 0.97–6.18, p = 0.059), avoiding carrying condoms to 

avert police detection, (aOR 3.17, 95% CI 0.90–11.23, p = 0.073), and rushing negotiations 

with potential clients as a police avoidance strategy (aOR 2.15, 95% CI 0.95–4.87, p = 

0.066) were only marginally associated with membership in the Universal Acceptors class, 

compared to Non-Acceptors, in multivariable analysis. Lastly, the adjusted odds of client-

perpetrated sexual (aOR 3.27, 95% CI 1.25–8.57, p = 0.016) and physical (aOR 4.30, 95% 

CI 1.42–12.98, p = 0.010) violence, respectively, was significantly higher among Universal 
Acceptors compared to Injectable Acceptors.

Covariates that were not significantly associated (p ≥ 0.05) with probabilistic latent class 

membership were excluded from Table 4. These included: socio-demographics, structural 

vulnerability factors, sex work characteristics, condomless vaginal sex with non-paying 

partners, condomless anal sex (across partner types), any violence perpetrated by non-paying 

partners, moving to an unfamiliar area to avoid police in the past 12 months, and daily binge 

drinking.

Discussion

We sought to understand which combinations of acceptable hypothetical PrEP modalities 

exist among FSW and how these preferences differ by socio-demographic characteristics 

and structural vulnerabilities influential in the HIV risk environment. FSW’s interest in 

novel event-driven and long-acting PrEP formulations was high and clustered around 

specific modalities. We identified three subgroups with distinct patterns of interest 

in hypothetical PrEP formulations: Universal Acceptors, Injectable Acceptors, and Non-
Acceptors. Nearly half of surveyed FSW were willing to use various event-driven or 

long-acting PrEP agents or exhibit specific preferences for injectable formulations (arm 

or abdomen). Injectable Acceptors were distinguishable from Non-Acceptors by higher 

odds of condomless vaginal sex with clients and injection drug use but lower odds of 
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client-perpetrated sexual and physical violence, relative to FSW who expressed broad 

interest across hypothetical PrEP formulations. Likewise, Universal Acceptors exhibited 

significantly higher odds of HIV risks—including condomless vaginal sex, condom 

coercion, and sexual violence—than Non-Acceptors. Given a majority (> 66%) of FSW 

expressed interest in at least one event-driven or long-acting PrEP formulation, the 

availability of numerous PrEP modalities could offer FSW more choice and agency in their 

HIV prevention options over the life course.

In both descriptive analysis and latent class modeling, injectable PrEP outshined 

other formulations in terms of interest among FSW. In the global literature on PrEP 

acceptability, women express substantial interest in injectable PrEP because of reduced 

dosing requirements [23, 27, 47, 48, 66] and its multipurpose potential (i.e., combination 

administration with injectable contraception for dual HIV and pregnancy prevention) [45]. 

Despite exclusive provision in healthcare settings, injectable PrEP may appeal to FSW 

who experience barriers to healthcare access, which ultimately reduce their frequency of 

healthcare interactions [67]. Innovative service-delivery strategies, including PrEP provision 

outside of health facilities (e.g., in pharmacies or community settings), can address the 

accessibility challenges that bottleneck the PrEP care continuum for FSW.

Injection drug use uniquely characterized FSW who expressed interest in injectable 

PrEP but lower interest in other event-driven and long-acting PrEP formulations (i.e., 

Injectable Acceptors). Globally, sex workers who inject drugs are more likely to experience 

homelessness and incarceration [34, 68], lack health insurance [34], report client violence 

[69, 70], and engage in higher-risk sex (i.e., unprotected anal sex or consent to higher 

payment for condomless sex) [71, 72]. Although the association between injection drug 

use and these aforementioned characteristics was not examined in this study, product 

attributes and service-delivery characteristics of injectable PrEP may better accommodate 

competing needs and interests of FSW who inject drugs than currently available PrEP 

modalities: by requiring minimal contact (four times annually) with the healthcare system 

and long-acting protection, it averts the adherence burdens and concerns about safe storage 

that dissuade women who inject drugs from using daily oral PrEP [73–75]. By design, other 

event-driven PrEP formulations, for example topical gels, offer intermittent HIV prevention 

at physiological sites of potential exposure; compared to injectable PrEP, these other non-

oral formulations could be perceived as providing incomplete systemic protection from HIV 

infection [23, 27, 76] and may, therefore, be less desirable among FSW who experience 

repeated potential HIV exposures from their injection behaviors. This was reaffirmed by 

how the interests of FSW who inject drugs in event-driven and long-acting PrEP clustered 

almost exclusively around injectable formulations.

By comparison, Universal Acceptors experienced violence at significantly higher rates 

relative to Injectable Acceptors and Non-Acceptors, respectively. Various formulations, 

from injectable PrEP to vaginal rings, have infrequent dosing requirements and can be 

administered or used discretely, without detection by controlling or violent partners [45]. 

Other formulations, like topical gels, may appeal to FSW who manage intermittent HIV 

risk, including inconsistent condom use with paying or non-paying partners. While some 

studies have shown that experiences with violence may attenuate interest in event-based 
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HIV prevention modalities like microbicides [77–79], others showed topical microbicides 

were highly acceptable, particularly when they could be used discretely without partner 

knowledge [80]. These inconsistencies may reflect fundamental differences in sex workers’ 

abilities to control the context and spaces in which they adopt HIV prevention behaviors. 

Ultimately, expanding choices can support PrEP initiation among street-based FSW, who 

can benefit from various options supporting their shifting needs, thus advancing HIV 

prevention efforts.

Non-Acceptors in this study reported lower rates of condomless vaginal sex compared to 

Injectable Acceptors and Universal Acceptors, which aligns with findings from the extant 

literature that perceived HIV risk is a critical facilitator of PrEP interest and willingness 

[11, 12]. For FSW who can safely negotiate condom use with clients and, therefore, report 

infrequent (or no) condomless sex with paying partners, any formulation of PrEP may be 

deemed unnecessary. Communicating the availability of biomedical HIV prevention options, 

including post-exposure prophylaxis, to FSW who consistently use condoms with clients 

and, thus, exhibit diminished interest in PrEP would close HIV prevention gaps in this 

population, especially for FSW who experience an unanticipated (potential) HIV exposure 

or whose condom negotiation capacities and use patterns shift.

As one of the few studies examining HIV prevention preferences among street-based 

FSW in the United States, a strength of this study is its use of latent class analysis to 

unearth patterns of interest in numerous event-driven and long-acting PrEP formulations. 

Findings from this study, nonetheless, are subject to at least five limitations. First, interest 

in various available and hypothetical PrEP formulations were measured independently and, 

therefore, do not capture ranked modality preferences among participants. Second, interest 

in hypothetical PrEP formulations may not align with uptake intentions or adherence 

outcomes. Third, given the relatively small sample size, observed effect estimates and 

magnitudes of association in this study may not capture relationships that would be observed 

with a larger sample of street-based FSW. In latent class analysis, the moderately sized 

sample also posed challenges for model estimability, as reflected by the presence of 

boundary and ceiling values (i.e., conditional item-response probabilities of 0 or 1) in 

the latent class model. Fourth, the study’s observational design is susceptible to recall 

and response biases. Lastly, because questions regarding interest in hypothetical PrEP 

formulations were asked only at the baseline visit, associations of PrEP interest with 

multilevel factors could only be examined cross-sectionally, rather than over time and 

potentially as a consequence of time-varying covariates.

Conclusions

In this cross-sectional study of women engaged in street-based sex work in Baltimore, 

most FSW endorsed interest in at least one event-driven or long-acting PrEP formulations. 

Latent class analysis uncovered interest patterns in novel PrEP agents that clustered around 

specific product attributes (i.e., formulation, frequency of use/replacement, administration 

venue) were associated with specific social, occupational, and structural risks, including 

condomless sex, physical and sexual violence, and injection drug use. Given the 

heterogeneity of interests in event-driven and long-acting PrEP formulations in this 
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population, availing multiple formulations can close gaps in PrEP interest and uptake among 

FSW, whose HIV prevention needs and preferences are highly variable. Expanding choice 

in HIV prevention commodities, in addition to counseling on the benefits and constraints of 

specific PrEP formulations, can more effectively link FSW to the appropriate PrEP options 

that complement, rather than compete with, their financial, social, and health priorities.
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Fig. 1. 
Probability of expressing interest in event-driven and long-acting pre-exposure prophylaxis 

formulations among female sex workers, by posterior probability of latent class membership

—Baltimore, Maryland (N = 236)
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Table 2

Descriptive sample statistics of female sex workers at baseline assessment—Baltimore, Maryland (N = 236)

N %

Socio-demographics

 Age, in years (median, range) 34.5 18–61

 Race/ethnicity

  Non-Hispanic white 155 65.7

  Non-Hispanic black 55 23.3

  Hispanic or other 26 11.0

 Educational attainment

  Did not complete high school 123 52.1

  Completed high school/GED or higher 113 47.9

Structural vulnerabilities

 Housing instability, past 3 months 149 55.9

 Arrest or incarceration, past 12 months 109 46.4

 Unemployment, past 3 months 216 91.9

 Have financial dependents 93 39.4

 Food insecurity (≥ 1 weekly), past 3 months 125 53.0

Sex work characteristics

 Entered sex work as a minor (< 18 years) 47 19.9

 Trafficked into sex work 19 8.1

 Duration in sex work

  <1 year 43 18.2

  1–5 years 75 31.8

  5+ years 118 50.0

 Daily sex work 156 66.1

 Number of clients, past 3 months

  < 30 106 44.9

  30+ 130 55.1

Condom use (past 3 months)

 Condomless vaginal sex

  With clients 88 37.5

  With non-paying partners 104 44.1

 Condomless anal sex

  With clients 19 8.1

  With non-paying partners 40 17.0

Violence (past 3 months)

 Condom coercion

  By clients 99 41.5

  By non-paying partners 24 10.1

 Sexual violence

  By clients 71 30.1
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N %

  By non-paying partners 20 8.5

 Physical violence

  By clients 45 19.1

  By non-paying partners 35 14.8

Police avoidance strategies (past 12 months)

 Avoided carrying condoms 33 14.0

 Moved to an unfamiliar area for clients 54 22.9

 Rushed negotiations with (potential) clients 134 56.8

Substance use

 Injection drug use, past 3 months

 None 70 29.7

 Injected drugs without sharing syringes 74 31.3

 Injected drugs and shared syringes 92 39.0

Daily binge drinking 21 8.9
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