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Abstract

HIV disproportionately affects female sex workers (FSWs), so it is unlikely that an effective and
sustained HIV response will be achieved without effective HIV prevention strategies and
interventions for FSWs. Emerging evidence highlights the important role of structural factors,
such as violence, in risk of HIV acquisition and transmission among FSWSs, so structural
prevention approaches will be crucial for an effective HIV response in FSWs. To inform the design
and implementation of effective structural HIV prevention approaches for FSWs, it is essential to
better understand the patterns and effects of structural HIV determinants, and the effectiveness

of different types of structural interventions on reducing HIV transmission.

In this thesis, I investigate violence against FSWs, a key and pervasive structural determinant of
HIV in the sex work context. I use a combination of statistical analysis and mathematical
modelling to investigate the burden and determinants of violence against FSWs, to better
understand the effects of violence against FSWs and contribution of violence against FSWs to HIV
transmission, and to estimate the potential impact of violence interventions for FSWs on HIV
transmission. The statistical analyses I conduct and the dynamic mathematical models of
violence and HIV I develop and utilise in this thesis are focussed in two settings: Mombasa, Kenya
and Vancouver, Canada. In Mombasa, Kenya, my statistical analyses focus specifically on young

FSWs.

Taken together, the work and findings in this thesis, add to the limited literature on the burden
and effects of violence among young FSWs, and extend the emerging field of modelling structural
HIV determinants and structural HIV interventions in the sex work context. The findings have
important implications for the HIV response among FSWs, and provide some insights for future

modelling studies of violence and HIV.
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Chapter 1 Introduction

1.1 Overview

The world has committed to embarking on a Fast-Track plan to end the HIV epidemic by 2030
[1,2]. Successes over the past 15 years, such as the global scale-up of antiretroviral therapy (ART)
and a 48% decrease in AIDS-related death since 2005, have inspired confidence in the global
community that this bold target can be achieved [1,3,4]. However, in 2016 there were still 1.8
million new HIV infections occurring worldwide [4], and the pace of decline in new HIV infections
in recent years is too slow to achieve the Fast-Track target of fewer than 500,000 new HIV

infections by 2020 [3].

In all settings, key populations, such as sex workers, men who have sex with men (MSM) and
people who inject drugs (PWID) are disproportionately affected by HIV [5]. UNAIDS estimates
suggest that as many as 50% of all new HIV infections worldwide occur in key populations [5].
Without addressing HIV in key populations, who are at high risk of acquiring and transmitting
HIV, it is unlikely that an effective and sustained HIV response will be achieved [5]. The research

in this thesis focuses on one of these key populations: female sex workers (FSWs).

Globally, FSWs suffer a disproportionate burden of HIV and in many HIV epidemics sex work
plays a key role in HIV transmission [6]. Effective interventions for FSWs are therefore an
essential component of HIV prevention programming [7]. In order to design and implement
effective HIV prevention strategies for FSWs, it is critical to understand the factors that shape risk
of HIV acquisition and transmission among FSWs. Emerging evidence indicates that structural
factors, such as violence, are important determinants of HIV risk among FSWs [8,9]. As such,
there is an increasing emphasis on incorporating structural approaches into HIV prevention for
sex workers and on gaining a better understanding of the structural patterns that shape HIV risk

[8-11].

Worldwide, FSWs experience high levels of violence from multiple perpetrators (e.g. clients,
police, and intimate partners) [12,13]. These abuses heighten HIV risk among sex workers
through multiple pathways, and undermine HIV prevention efforts [9,12,14,15]. Thus, addressing
and preventing violence is a critical part of the HIV prevention response, as well as being essential

for improving the safety and well-being of FSWs [11,12,15].

In this thesis, my overarching aims are to investigate the burden and determinants of violence
against FSWs, better understand the effects and contribution of violence against FSWs to HIV
transmission, and estimate the potential impact of violence interventions for FSWs on HIV
transmission. In particular, this thesis will look in more detail at these issues in young female sex
workers (YFSWs), who are a particularly vulnerable but understudied population. A key

methodological approach used in addressing these aims will be mathematical modelling. Models
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will be developed to dynamically model violence against FSWs. The work in this thesis is set
mainly in Mombasa, Kenya, and also in Vancouver, Canada. In undertaking this research, I hope
to help improve our understanding of the epidemiology and effects of violence against FSWs and
the potential impact of violence interventions, and in doing so help inform the design and
implementation of structural HIV prevention approaches and interventions for FSWs. I also hope
to provide useful insights for future model development, data collection, and methodological

approaches for modelling structural determinants of HIV risk among FSWs.

In the rest of this chapter I introduce the key topics and concepts relevant to this thesis. I start
with a broad overview of sex work, HIV epidemiology among FSWs, and HIV prevention, testing,
and treatment among FSWs. [ then introduce in greater detail structural HIV determinants and
structural interventions in the sex work context, with a focus on violence against FSWs. Following
this, I highlight specific vulnerabilities of YFSWs. Then, I review the role of mathematical
modelling in examining the impact of HIV interventions for FSWs, and highlight the current state
of the field in modelling structural determinants and structural interventions in the context of sex
work. Lastly, I introduce the study settings in this thesis. I conclude this chapter with an outline

of my thesis aims and chapter content.

1.2 Sex work

Sex work is often defined broadly as the exchange of sex for money, goods or other benefits [6,16-
18]. Within this broad definition, there can be substantial variation in the practice of sex work
within and between countries and communities, ranging from informal or intermittent sex in
exchange for money or goods, to formal or commercial sex work where individuals are more
likely to self-identify as sex workers and often have high client volumes [7,16-19]. Work
environments are diverse, with some selling sex in formal sex work establishments (e.g. brothels
or massage parlours) or entertainment venues (e.g. bars and night clubs), while others might
solicit clients in public places (e.g. streets, parks) or via the internet or mobile phones [9,16].
Some sex workers may work independently, or work together in brothels, or work for a manager

or pimp [9,16].

There is often inconsistency in definitions of sex work in the literature, and the distinctions
between sex work, transactional sex and other financially-motivated relationships can be
arbitrary and unclear [20,21]. Sometimes, transactional sex is considered separate to sex work,
and is a term used to describe sex in exchange for money, goods or gifts where there is typically
no explicit negotiation of the exchange and no self-identification as a sex worker, and sometimes
transactional sex is a broad term used to describe a broad range of sex work including commerecial

sex work [21]. Even when, sex work and transactional sex work are considered to be distinct, the
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boundaries of these two categories are often blurred, and women may transition between

transactional sex and formal sex work over time [20,21].

Nevertheless, categories of sex work and definitions of sex work are useful and necessary for
research and operational purposes, to help with appraising the role of sex work in HIV epidemics,
identifying priority groups in the HIV response, developing and designing targeted HIV
interventions, and incorporating the needs of sex workers into HIV prevention programmes
[21,22]. It is important that definitions of sex work are clear and context specific, useful for

programmatic and research purposes, and used with knowledge of their limitations [17,22].

1.3 Epidemiology of HIV among FSWs

1.3.1 Burden of HIV

Since the beginning of the HIV epidemic, FSWs have been a key population disproportionately
affected by HIV [7]. In many settings, HIV prevalence is much higher among FSWs than in the
general population [6]. A systematic review and meta-analysis examining the burden of HIV
among FSWs in 50 low and middle-income countries, estimated that FSWs had a pooled 13.9
(95% CI 10-0-18-1) times increased odds of living with HIV infection compared to women in
the general population, and an overall pooled HIV prevalence of 11:8% (95% CI 11-6-12-0)
[6]. There was substantial heterogeneity in estimates across regions [6]. In Sub-Saharan
Africa (SSA), overall HIV prevalence among FSWs was 36.9% (95% CI: 36.2-37.5%) whilst in
Eastern Europe, Latin American and the Caribbean, Asia, and Middle East and North Africa,
overall HIV prevalence among FSWs was 10.9% (95% CI: 9.8-12.0%), 6.1% (95% CI: 5.7-
6.6%), 5.2% (95% CI: 5.0-5.3%) and 1.7% (95% CI: 0.9-2.6%), respectively [6]. The odds ratio
for HIV infection was highest for FSWs in Asia (29.2 [95% CI: 22.2-38.4]), followed by FSWs in
SSA (12.4 [95% CI: 8.9-17.2]) and Latin American and the Caribbean (12.0 [95% CI: 7.3-19.7])
[6]. In a recent update to this systematic review, which included additional data for low
and middle-income countries, and also expanded the search to include data on high-income
countries, SSA remained the region with the highest HIV prevalence, with an overall HIV
prevalence among FSWs of 29.3% (95%CI:25.0-33.8%) [23]. In high income countries, for
which there was a paucity of data, the overall HIV prevalence among FSWs was 1.8% (95%
CIl: 0.8%-3.1%) [23]. Another more recent systematic review examined the prevalence of HIV
among FSWs in the United States and estimated an overall prevalence of 17.3% (95% CI 13.5-
21.9%); however there was a wide range in prevalence estimates (0.3-32%), spanning a 20
year period, with only 2 of the 14 studies identified being conducted in the last 10 years [24].
An earlier systematic review also examined HIV prevalence among FSWs in Europe, and found

a low HIV prevalence (<1%) among FSWs who did not inject drugs [25].
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1.3.2 Risk factors for HIV among FSWs

A variety of biological, behavioural and structural risk factors contribute to FSW’s increased
risk of HIV acquisition [6-8]. Biologically, for example, the high prevalence of sexually
transmitted infections (STIs) and synergistic relations between HIV and STIs increase the risk
of HIV acquisition among FSWs [6,8]. Behavioural factors at the individual level, such as
duration of time in sex work, age of sex work initiation, injection drug use, and alcohol use, as
well as behavioural factors at the partner-level, such as high number of sexual partners, more
risky sexual exchanges e.g. anal sex, and inconsistent condom use, also help to shape HIV risk
among FSWs [6,8]. Structural factors, which are factors that operate outside the control of
the individual, such as stigma, gender inequality, physical and sexual violence, and sex work
regulatory policies, can also directly or indirectly increase a FSW’s risk of HIV acquisition
[6,8,9]. Structural factors, which are the central focus of this thesis, are reviewed in greater

detail in Section 1.5.

1.3.3 Contribution of sex work to HIV transmission

There are a number of different approaches to estimating the contribution of sex work to HIV
transmission. Traditional approaches include the numerical proxy and the UNAIDS HIV modes
of transmission (MOT) model, but these approaches are limited as they do not take into
account chains of HIV transmission, and so can underestimate the contribution of sex work to
HIV transmission [22]. Emerging approaches include estimating the population attribution
fraction (PAF), which measures the fraction of HIV infections over a certain time period that
are due to a given risk factor (e.g. sex work), from dynamic mathematical models [22].
Dynamic mathematical models can capture chains of HIV transmission, so this approach
addresses some of the limitations of the traditional approaches [22]. There is a small, but
growing body of model-based evidence that highlight the important role of sex work in HIV
epidemics [22,26]. In a systematic review of mathematical modelling studies which aimed to
identify modelling studies estimating the PAF of HIV infections due to high-risk groups,
including FSWs, two of the studies, which were set in India, measured the PAF of sex work to
HIV transmission [26]. In South India, the estimated 1-year PAF of sex work ranged between
86%-98% in males, and 12-42% in females [26,27]. In the same region, the PAF due to short-
term client migration was estimated at 50% over 34 years in the total population [26,28].
Since this review, other modelling studies in India, Benin, Burkina Faso, and Cote D’lvoire,
have also estimated the contribution of sex work to HIV transmission [22,29-32]. A modelling
study in Bangalore, India, estimated that 68% of new HIV infections were attributed to

commercial sex work in 1986-1995 [31], and since then the PAF has declined as condom use
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has increased amongst key populations and HIV prevalence in the rest of the population has
increased [31]. In Cotonou, Benin, it was estimated that between 1993 and 2008, sex work
had contributed directly or indirectly to 93% (range: 84-98%) of all cumulative HIV infections
[32]. In Bobo-Diolasso, Burkina Faso, it was estimated that 75-88% of HIV infections were
attributable to commercial sexin 1985-1990, which declined to 39% in 1995-2010 as condom
use increased among FSWs [29]. In Cote D’Ivoire, it was also estimated that FSWs contributed
substantially to new HIV infections early in the HIV epidemic (PAF of 95% in 1976-1985),
which has declined in more recent years, with FSWs estimated to contribute to 19% of HIV

infections in 2005-2015 [30].

1.4 HIV prevention and treatment among FSWs

1.4.1 HIV prevention

Given the vulnerability and high burden of HIV among FSWs and the key role of sex work in HIV
transmission, FSWs have been recognised as an important risk group to target for HIV
prevention [7,11]. There are a number of different behavioral, biomedical and structural
approaches to HIV prevention among FSWs [7,10,11]. Existing behavioural prevention
strategies include promotion of condom use, control and treatment of STIs, peer-led education
and HIV testing and counselling, and these prevention interventions are often core components
of HIV programmes and large-scale, combination and structural interventions [7,10,11,33].
Existing structural approaches to HIV prevention, include community empowerment and
prevention of violence; these approaches will be reviewed in greater detail in Section 1.6. In
recent years, there has also been increasing interest in new biomedical ART-based HIV
prevention approaches for FSWs [10,34-36]. Given the emerging evidence that HIV-infected
individuals on ART are less likely to transmit HIV, there has been growing interest in Treatment
as Prevention (TasP) for FSWs [10,34,35,37-39]. TasP is a strategy which involves expanding
ART coverage among HIV-infected individuals to help reduce HIV transmission at a population-
level [40]. In addition to reductions in infectiousness, early treatment initiation also has
substantial health benefits for the HIV positive individual, so this strategy has benefits at both
the individual and population-level [10,40]. There has also been interest in strategies that use
ART to prevent HIV infection in FSWs, including oral pre-exposure prophylaxis (PrEP) and
vaginal microbicides [10,34,35,40-43].

1.4.2 HIV treatment and the care cascade

By reducing HIV viral load and helping to restore immune function, ART substantially improves

the longevity and quality of life for people living with HIV, and also reduces their infectiousness
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[40]. For successful treatment and sustained viral suppression it is essential that HIV infected
individuals engage and remain in the HIV care cascade [44]. The HIV care cascade is a series of
stages starting with being HIV diagnosed through HIV testing, followed by linkage to and
enrolment in HIV care after HIV diagnosis, retention in pre-ART care prior to ART initiation,
initiation of ART once eligible for treatment, retention on treatment once ART is started,
adherence to ART, and achievement of sustained viral suppression and immunological
improvement [39,44-48]. Although, under the new WHO guidelines to treat all HIV positive

individuals regardless of CD4 count, the “retention in pre-ART care” stage will cease to exist [49].
1.4.2.1 HIV testing

HIV testing and counselling (HTC) is an essential component of HIV programming worldwide,
serving as the main entry point to HIV treatment and care for those who are HIV-infected [47,50].
For those who test negative, HTC is also an important opportunity to link those at risk of HIV to
primary HIV prevention programmes and services, and also encourage re-testing [47]. The WHO
recommends that FSWs voluntarily test for HIV every 6-12 months [47]. In a WHO review of 52
low and middle-income countries in 2010, the median percentage of FSWs who tested for HIV in
the past 12 months and knew their test results was 49%, but there was wide variation across
countries [51]. For example, in SSA where the median percentage of FSWs who tested for HIV in
the past 12 months and knew their test results was 60%, estimates ranged between 0-95% across

countries [51].
1.4.2.2 Linkage, enrolment and retention in HIV care

Among FSWs, there are very limited studies on linkage to and enrolment in HIV care after being
HIV diagnosed [46,52-56]. In a study in Rwanda, 12-36 months after HIV diagnosis, 85% of HIV
positive FSWs reported having enrolled in HIV care a median of 30 days after their diagnosis [52],
while in a HIV self-testing trial in Zambia, 78% of FSWs reporting a positive HIV test at the 4
month follow-up visit reported that they had sought medical care following their positive test
[53]. In a study of HIV-positive FSWs in the Dominican Republic, 92% reported ever receiving
medical attention related to HIV (i.e. were linked to HIV care) [56], while in a cross-sectional study

in Malawi, the majority (69%) of HIV-infected FSWs had a history of HIV care [54].

A few studies have reported broadly on current engagement and retention of FSWs in HIV care
(i.e. not specific to either pre-ART or ART care) [56-62]. For instance, in a study of HIV-positive
FSWs in the Dominican Republic, 85% reported attending HIV-related services in the last 6
months, and of those women 63% did not miss any HIV service appointments in that 6 months
[56-58,62]. In a study in Mozambique, 83% of HIV positive FSWs reported being in HIV care [61],
while in Miami, 76% of HIV positive FSWs reported that they were currently in HIV care [59].

23



Chapter 1 Introduction

1.4.2.3 HIV treatment

In a systematic review and meta-analysis we conducted in March 2014 to characterise the HIV
treatment cascade stages among FSWs globally (Appendix A), we also found a paucity of data on
ART uptake, ART attrition, adherence and treatment response (viral suppression and CD4 count
improvement) among FSWs [39]. As of March 2014, only 39 studies, from fourteen different
countries in Africa, Asia, North America, South America, and Central America and the Caribbean,
reported information on these ART cascade stages among FSWs [39]. Of these studies, the
majority provided estimates of either current ART use or median CD4 counts at and/or after ART
initiation, with very few providing estimates of treatment attrition (e.g. treatment

discontinuation or loss to follow-up on ART), adherence and viral suppression [39].

ART uptake among HIV-infected FSWs was particularly variable across the different studies and
settings. Across 18 studies, the overall pooled estimate for current ART use among HIV positive
FSWs was 38% (95%CI: 29%-48%) (Figure 1.1) [39]. Treatment discontinuation was reported
for only one FSW study population in Kenya, increasing from 4% at 6 months to 10% at 12 months
[39]. Loss to follow-up after ART initiation was reported in three FSW study populations in Kenya
and Burkina Faso, with estimates ranging between 3-10% after varying times on ART [39].
Adherence to ART, which was reported in nine studies, was consistently high, ranging from 67%
to 100%, across the varying time periods, adherence thresholds, recall periods and methods of
assessment [39]. The fraction of FSWs on ART virally suppressed, which was reported in only 6
studies, ranged between 40%-82%, across varying time-periods and definitions of viral

suppression (pooled estimated: 57% [95% CI: 46-68%]) [39].

Since this review, additional studies have reported quantitative estimates on the HIV treatment
cascade stages among FSWs [34,54,56,59,60,63-75]. For example, in a study in the Dominican
Republic, which reported on multiple stages of the HIV treatment cascade, most HIV positive
FSWs had ever initiated ART (78%), and 72% were currently taking ART, of whom 79% reported
100% adherence in the past 4 days [56]. About a third (36%) also reported experiences with an
ART interruption, and 48% of all HIV positive FSWs in the study had undetectable viral load [56].
In a study in Malawi, 52% of HIV positive FSWs reported current ART use and 45% were virally
suppressed [54].
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Population Study-Period n/N Estimate (%)
and 95% CI
Low and Middle Income

Kenya | [49] 1993-2010 65282  23.0(18.3-28.4)* -

Brazil 1 [47] 2003-2004 1/4 25.0(0.6-80.6) =

Burkina Faso 1 [37) 2003-2003 26/273 9.5 (6.3-13.6) -

Burkina Faso 1 [57] 2007-2011 1804258  69.8 (63.8-75.3)* ——
India 1 [46] 2007 4/19 21.1 (6.1-45.6)* o=

El Salvador 1 [52] 2008 0/39 0.0 (0.0-9.0)* —

Zimbabwe | [50] 2009 151/480 31.3427.1-35.6)* -

India 3 [40] 2008-2009 17/35 48.6 (31.4-66.0y* —
Kenya 2 [34] 2009 177/607  29.2(25.6-33.0)* -

India 2 [55] 2011 252/003  41.8(37.8-45.8)y* -

Dominican Republic 1 [53]  2012-2013 194/268  72.4 (66.6-77.7)y" ——
Kenya 2 [36] NR 19/57 33.3(21.4-47.1) —

Subgroup (I* =97.1%, N, =9%) 39.3(27.2-52.9) ———

High Income

USA 1 [48] 1999-2000 02 0.0 (0.0-84.2) "
1021 47.6(25.7-70.2)* - =

Canada 3 [24] 2003 14/34 41.2 (24.7-59 3)* -

Canada 2 [58] 2003-2013 31/43 72.1 (56.3-84.7y* —

USA 2 [41] 2006-2010 8/46 17.4(7.8-31.4)* ——

Russia 1 [59] 2007-2011 3/42 7.1(1.5-19.5)* -

Canada 1 [45] 2011 35/88 39.8 (29.5-50.8)* — =

Subgroup (I’ = 86.9%, N, =6%) 35.3(19.8-54.7) e ——

Overall (I’ = 95.5%, p<0.001, N, =15%) 37.9 (28.5-48.4) ———

T T T T T T T T T T 1
] 10 i an ] 50 (o] 1] a0 a0 100

Current ART use (%)

Figure 1.1 Forest plot of current ART use among HIV-infected FSWs in studies published up until March 2014
(from Mountain et al [39]). Study estimates are grouped by country income and ordered by study period. The star
symbol (*) highlights the study estimates (one per study population) included in the pooled overall or subgroup
estimates. Only study estimates with a known time period of data collection which were measured among at least 10
FSWs were used for pooling. 12 and p-values are the measures of heterogeneity used. 2 ART was provided to FSWs in
the Kenyan cohort from 2004, » Sample is ‘active’ FSWs, ¢ Sample is ‘active’ and ‘former’ FSWs. ART = antiretroviral
therapy, FSW = female sex workers, CI = confidence interval, NR = not reported, n = number of FSWs with each outcome,
N= sample size of FSWs available for each outcome, Np = number of independent study populations

1.5 Structural HIV determinants and violence against FSWs

1.5.1 Structural factors and HIV risk among FSWs

Early research on risk factors for HIV among FSWs tended to focus on the individual and
partner-level biological and behavioural factors shaping FSWs HIV risk [8]. However, more
recently there has been growing interest in understanding the structural factors that shape
HIV risk, in order to better understand the heterogeneities in HIV epidemics among FSWs

[8,9,76].

HIV structural factors are any physical, social, cultural, organizational, community, economic,
legal, or policy aspects of the environment, that either directly or indirectly impede or facilitate

an individual’s HIV prevention behaviours [77,78]. A recent systematic review by Shannon and
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colleagues found a number of structural factors associated with HIV infection among FSWs,
including migration and mobility, geographic residence, sex trafficking, physical and sexual
violence from clients, police and managers, local policing practices, drug and alcohol use in the
workplace, type of sex work venue, economic incentives from clients, and client demand for
non-condom use [9]. Many of these structural factors were also found to be associated with
decreased condom use among FSWs [9]. Other structural factors that were also found to be
associated with decreased condom use among FSWs, included laws and policies governing sex
work (e.g. enforcement of criminal sanctions), stigma, food insecurity, economic and
residential insecurity, poverty, and historical gender-based violence [9]. Conversely, structural
factors that were found to be protective against HIV infection or associated with higher rates
of condom use, included community empowerment, supportive managerial and peer practices,
as well as access to sexual health care and HIV prevention [9,79]. In some cases, structural
factors were found to confer both HIV risk and HIV protection (e.g. migration and work
environment), highlighting the complexity of the causal pathways between structural factors
and HIVrisk [8,9]. Studies among FSWs have also documented a number of structural-related
barriers to accessing health services and engaging in the HIV care cascade, including stigma,
discriminatory medical staff, economic and residential insecurities, violence and fear of
violence or arrest, policing practices, and imprisonment [46,52,53,56,58,59,65,67,70,80-97].
Conversely, in a study in Swaziland, higher levels of social participation were associated with

increased HIV testing among FSWs [98].

Given the wide range and complexity of structural factors, different conceptual frameworks
have been proposed to try and classify structural factors and their impact on HIV risk, and help
guide future research. Barnett and Whiteside proposed a framework where structural factors
were organised based on their distance from HIV risk behaviour [77,99]. Sweat and Denison
grouped structural elements into four levels: superstructural factors which affect nations,
structural factors which affect smaller segments of the population, environmental factors
which affect an individual’s conditions and resources, and individual factors which affect an
individual’s experience of environmental factors [77,78,99]. Rhodes also described a risk
environment framework, in which different physical, social, economic and policy
environments can interact at the micro- and macro-levels, through a combination of
susceptibility and vulnerability factors, to influence drug-related harm [8,100]. More recently,
Latkin and colleagues proposed a dynamic social systems model for HIV-related behaviours
that includes six structural dimensions (resources, science and technology, formal social
control, informal social influences and control, social interconnectedness, and settings) which

can operate at the macro, meso and micro levels [99]. Blanchard and Aral also presented a
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conceptual framework which incorporates the dynamic interactions between individual and
societal factors, that together create structural patterns (e.g. mixing patterns and sexual
networks), and which combined with individual characteristics and behaviours interact to

influence HIV transmission dynamics [101].

Structural HIV determinants frameworks specific to FSWs have also been proposed
[8,98,101,102]. For example, Blanchard and Aral also proposed a dynamic conceptual
framework specific to FSWs, in which the macro-level societal context influences both the
population size, socioeconomic and demographic characteristics of FSWs and their clients, as
well as the organisation of sex work (e.g. locations and venues of sex work, how FSWs and
clients connect, and who controls work conditions) [101]. Together, the organisation of sex
work and individual characteristics of FSWs and their clients, result in structural patterns (e.g.
network structure and mixing patterns) and aggregate properties (e.g. average client volume
and condom use rates), which influence transmission dynamics and epidemic trajectories
[101]. Shannon and colleagues also describe a conceptual framework in which structural
determinants interact with individual and interpersonal behavioural and biological factors (e.g.
drug use, duration in sex work, condom negotiation, STI co-infection) to influence HIV
acquisition and transmission dynamics and epidemic trajectories [8]. This conceptual
framework incorporates multiple levels of structural determinants, including macro structural
factors (e.g. policies and laws governing sex work, stigma, mobility and migration), community
organisation of sex work (e.g. community empowerment, sex work collectivization), and the
physical, social, economic and policy features of the work environment (e.g. venue-based
characteristics, managerial practices, local policing, ART use, and HIV testing), which are
organised by their relative proximity to HIV transmission dynamics, and which can act

dynamically and interactively to increase or reduce HIV risk among FSWs [8].

1.5.2 Violence and HIV among FSWs

1.5.2.1 Burden and determinants of violence against FSWs

Violence against FSWs, which has many negative consequences for FSW’s physical, sexual,
reproductive and mental health, including increased risk for HIV, is widespread across many
sex work settings [12,13]. FSWs are often subject to many different forms of violence,
including physical, sexual, and psychological violence (see Box 1.1), from a wide range of
perpetrators, including clients, police, managers, co-workers, and intimate partners [11-
13,103,104]. Workplace violence, which can include violence perpetrated by individuals such
as clients, police, managers, pimps or co-workers, is often a ubiquitous feature of many sex

work environments [11,13,15,105,106]. Other police abuses and policing strategies, such as
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arrest, raids, police crackdowns, extortion, harassment, and confiscation of condoms are also
pervasive and have negative consequences for FSWs health and safety [9,107-109]. As
outlined later in Section 1.11, the research in my thesis is focused on physical and sexual
violence against FSWs, as well as policing abuses and strategies which can negatively impact
FSWs safety and HIV risks. For the rest of this thesis, “violence against FSWs” will be used as
a broad term encompassing the different types of physical, sexual and psychological violence,

as well as negative policing practices.

Box 1.1 Examples of types of violence experienced by FSWs [11,103]

Physical violence: Physical assault (e.g. slapped, pushed, hit, kicked), battery,
murder, physical restraint, robbery

Sexual violence: Rape, gang rape, sexual harassment, coercion or intimidation
into engaging in sex, subject to sex acts against one’s will

Psychological violence: Harassment and verbal abuse, threats, belittlement,
humiliation

A few global reviews in recent years have examined the burden of violence against FSWs
[12,13,108,109]. A systematic review by Deering et al, which examined the correlates of
violence against FSWs, found a high prevalence of lifetime sexual workplace violence (ranging
between 14% to 54%) and lifetime physical workplace violence (ranging between 19% to 67%)
[13]. Sexual and physical workplace violence in the past year were similarly high, ranging
between 19% to 44% and 15% to 31%, respectively [13]. Estimates of sexual and physical
violence from intimate or non-paying partners in the past year ranged between 15% to 61%
and 8% to 19%, respectively [13]. A systematic review by Footer et al, which examined the
influence of policing practices on HIV and STI risk among sex workers, found that police arrest
was very common in the studies included, with 6-45% of sex workers reporting that they had
ever been arrested [108]. Sexual coercion by police was also reported by 3-37% of sex workers
across the studies, while police extortion was reported by 12-28% of sex workers [108]. In a
broader review of human rights violations against sex workers by Decker et al, police-
perpetrated sexual violence was reported by 7-89% of sex workers in the studies identified,
while quantitative estimates of police arrest and police extortion ranged between 4-75% and
12-100%, respectively [12]. Physical or sexual violence from clients was also reported by 8-

76% of sex workers [12].

28



Chapter 1 Introduction

FSWs are particularly vulnerable to experiencing violence due to their stigmatised and
marginalised position in society and the often criminalised nature of sex work
[12,13,15,104,110,111]. Criminalisation of all or some aspects of sex work is the main policy
approach to sex work globally, but other policy approaches including legalisation and

decriminalisation also exist (see Box 1.2) [12,112].

In Deering et al’s systematic review, numerous social, physical, policy, economic, interpersonal
and individual factors were found to be correlated with elevated rates of physical and sexual
violence among sex workers [13]. In particular, there was consistent evidence that policing
practices (e.g. arrest, violence, coercion) were associated with increased rates of physical or
sexual violence by clients [13]. For example in India, FSWs reported numerous police-related
experiences, including police raids, having sex with or giving gifts to police to avoid trouble,
and confiscation of condoms, all of which were associated with FSWs experiencing more client
violence [113]. In Canada, police assault (including sexual or physical violence) was associated
with increased odds of client violence [114]. Forced or coerced entry into sex work (sex
trafficking), was found to be associated with increased sexual violence at sex work initiation
among FSWs in Thailand, and increased physical or sexual violence in the first month of sex
work among FSWs in India [115,116]. Other studies from India have also documented an
increased risk of recent physical and sexual violence among FSWs trafficked into sex work
[115-118]. Work environment also appeared to be an important risk factor for violence, with
client or police violence highest amongst FSWs working outdoors, on the street, or in public
places [13]. In addition, heavy alcohol consumption has been associated with increased sexual
violence against sex workers [13,119]. For example, in Kenya, FSWs who were binge drinkers
were more likely to experience sexual violence in the pastyear [120]. Similarly, in China, FSWs
who were classified as heavy or hazardous drinkers were more likely to experience client
sexual violence [121], whilst in Russia, FSWs reporting binge drinking in the past year were
more likely to experience police sexual coercion [122]. Other factors that have also been found
to be linked to risk of violence among FSWs include: drug use, gender and economic inequities,
and voluntary migration [13]. Conversely, in Karnataka, FSWs that were members of a
community group were found to be significantly less likely to report violence in the past 6
months [123]. Collective empowerment among FSWs in Karnataka was also strongly
associated with reduced violence [124]. In Andhra Pradesh, FSWs living in areas with active
community advocacy groups were found to report that police treat them more fairly than FSWs

living in areas without active community advocacy groups [125].
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Box 1.2 Policy approaches to sex work (adapted from [12,112])

Full criminalisation: All aspects of sex work, including selling sex, purchasing sex,
and earning money from someone’s sex work are illegal. Examples of settings where
sex work is fully criminalised include China, India, South Korea, Russia, South Africa,
Uganda, Zimbabwe, and most of the USA.

Partial criminalisation: Some aspects of sex work are illegal (e.g. selling sex or
buying sex, or activities related to sex work). Criminalisation of clients (also known
as the end demand Swedish model), is the policy approach in a number of settings,
including Sweden and Norway.

Legalisation: Sex work is legal and permitted under specified conditions (e.g. licensed
brothels or sex work zones). Legalisation is of often accompanied by compulsory
registration and mandatory health checks. Examples of settings with a legal policy
approach include the Netherlands, Nevada (USA), Tijuana (Mexico), and Senegal.

Decriminalisation: All laws criminalising sex work are removed. Sex work is legal
and regulated under occupational health and safety laws. Various international
bodies now recommend decriminalisation of sex work, but so far only New Zealand
and New South Wales in Australia operate under full decriminalisation.

1.5.2.2 Impact of violence on HIV

There are many possible mechanisms, both direct and indirect, through which violence against
FSWs is hypothesised to heighten FSW’s vulnerability to HIV and undermine HIV prevention

efforts:

e Forced sex (i.e. rape) can directly increase risk of HIV infection, as the genital trauma

(lacerations and tears) from forced sex can facilitate HIV transmission [12-15].

e Violence is associated with higher-risk sexual behaviours, such as anal sex, and if anal
sex is forced this may confer an even higher risk of HIV transmission, due to both
genital trauma and the increased risk of HIV transmission associated with anal

intercourse [12-14,126].

e Forced or coerced sex is less likely to be protected with condoms [81,106,127], and

condom breakage is more likely during sexual violence [104].

e Violence or fear or violence from clients and intimate partners can deter FSWs from

negotiating condom use in order to prioritise their own safety [14,15,83,128].

e Through threats of violence and acts of violence, gatekeepers, such as managers and

owners of sex work establishments, may force sex workers into taking on more clients
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and foregoing condom use with clients [14,15,83,128].

e FSWsmay be forced into sexual situations with more men than was arranged by a client

[14].

e Sex workers may be forced or coerced into unpaid and unprotected sex by police to

escape arrest or harassment, or to avoid prolonged detainment in prison [12,15,129].

e Condom confiscation by police can directly increase FSWs risk of HIV infection by
prompting unprotected sex, and FSWs may be less likely to carry condoms to avoid
arrest or extortion by police who use condoms as evidence against them [12,108].
Confiscation of drugs and injecting equipment is also associated with HIV infection

among FSWs [12,108].

e Experiencing violence has a negative impact on sex workers physiological well-being,
leading to anxiety, depression, loss of self-esteem and low self-efficacy, which can affect
sex workers ability and willingness to negotiate condom use and access health services

[15,59,91,106,128,130-134].

e Hostility and abuse from health care workers can impede and make sex workers

reluctant to access health care services [15,90].

e Experiences of violence or fear of violence and arrest can deter and impede FSW’s
access to health services and engagement in the HIV care cascade (e.g. HIV testing,

treatment and adherence) [12,58,66,67,70,81,82,91,135].

e When arrested and detained, sex workers may not be able to access and adhere to their

medications, including ART [12,52,136].

e Police raids and crackdowns can lead to re-location of FSWs to unknown and unsafe
areas, which may put FSWs at further risk of client violence [13,106,113]. This
displacement of FSWs to remote areas may also lead to FSWs being unable to access

HIV prevention and health care services [13,109,113,129,137].

e Survivors of violence are more likely to be re-victimised and experience additional

violence [14,138].

e As sex work is often illegal, reporting experiences of violence to the police may be

difficult, which can result in violence continuing [136].

e Men who perpetrate violence are more likely to engage in high risk behaviours and be

infected with HIV or other STIs [14,81].
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Two systematic reviews to date by Shannon et al and Footer et al have examined the
quantitative evidence for the effects of violence on FSWs HIV risk and HIV-related outcomes
[9,32,108]. In the systematic review by Shannon et al, which examined the effects of structural
determinants on HIV prevalence, incidence and condom use among FSWs, a number of studies
found that physical and sexual violence from clients, managers and police, and other policing
practices (e.g. arrest, harassment, detainment, raids, incarceration) were associated with HIV
infection, inconsistent condom use, condom use failure and condom breakage [9]. In the
systematic review by Footer et al, the effects of policing on HIV and STI infection, condom use,
syringe use, number of clients, and HIV/STI testing access among FSWs, were examined [108].
In the small number of studies identified (14 studies), being arrested by police was consistently
associated with HIV infection and inconsistent condom use, and sexual coercion by police and
extortion were also associated with current or recent HIV and STI infection and inconsistent
condom use [108]. Quantitative data linking violence to reduced uptake of health services and
poor HIV testing, care and treatment outcomes, although limited, has also begun to emerge in
recentyears [58,66,67,70,81,82,91,107,135]. Among FSWs in the Dominican Republic, violence
from an intimate partner was significantly associated with not currently being on ART and
missing an ART dose in the last 4 days, while violence from a client was significantly associated
with never having received HIV care and ever interrupting ART [58]. Among FSWs in the
Gambia, forced sex by a clients was negatively associated with receiving an STI test in the past
year [91]. In a longitudinal analysis of sex workers in Vancouver, Canada, incarceration was
associated with experiencing gaps in ART use over a 2.5 year period [67]. In the same cohort
of FSWs, a greater density of displacement due to policing was associated with HIV treatment
interruptions [66]. Studies in Cote d’Ivoire, Swaziland, and Cameroon, also found that
experiences of violence were significantly associated with fear and avoidance of seeking health
services among FSWs [70,82,107]. In a pooling booth survey of FSWs in South India, at the
ecological level, FSWs who reported violence in the past year were significantly less likely to
have accessed the HIV intervention program or to have ever visited the project sexual health
clinic [81].

Taken together, these studies provide important quantitative evidence for the negative effects
of violence on HIV risks and HIV related outcomes in different settings. However, there are still
gaps in the literature. In particular, few studies have quantitatively examined the effects of
police violence and law enforcement strategies on FSWs HIV risks, and there is a paucity of
quantitative studies examining the effects of violence on uptake of health services, and
engagement in the HIV care cascade. In addition few studies have conducted mediation
analyses to explore the most likely and important pathways and mechanisms underlying the

associations between violence and HIV infection among FSWs [104,139-141].
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1.6 Structural interventions and addressing violence against FSWs

Broadly speaking, structural interventions are those that aim to promote HIV prevention and
reduce HIV vulnerability by changing the structural context in which people live, and often
involve one or a combination of legal, policy, social, community, organisational, cultural or
economic actions or processes [77,142-144]. In the context of sex work, the main structural
approaches to HIV prevention have included government policy initiatives, community
mobilization, and interventions to address violence, and often these approaches are integrated
together [10,11,145]. In some settings, micro-finance programmes, which are another type of

structural intervention, have also been implemented among FSWs [146-149].

1.6.1 Government policy initiatives

The most notable government policy initiative that has been implemented is the 100% condom
programme in Thailand [145,150]. This was a countrywide government led initiative that
aimed to increase condom use through empowering FSWs to be able to refuse sex without a
condom and through imposing sanctions on sex work establishments that did not follow the
100% condom rule [145,151]. This programme resulted in a rapid increase in condom use in
sex work [145,151]. Since its conception in 1989, the 100% Condom Use Programme has been
implemented in numerous other countries, including Cambodia, Philippines, Vietnam and China

[151].
1.6.2 Community empowerment

Community empowerment (also known as community mobilisation) is a strategy that seeks to
empower and mobilise FSWs to gain control of and change the structural barriers that impact
their health, HIV risk and human rights [11,152,153]. In the WHO guidelines on HIV
prevention for FSWs, community empowerment was recommended as a necessary component
of HIV interventions, that should be the foundation for all HIV intervention and prevention
approaches for sex workers [11]. Community mobilisation and empowerment approaches
often involve numerous activities, such as advocacy with stakeholders who hold power and
control, consciousness raising among FSWs about their rights, identifying and challenging
barriers to HIV prevention, formation of FSW collectives and peer-groups, and establishment
of community-led safe spaces (e.g. drop-in centres), and will also normally include more
traditional elements, such as condom promotion, peer-led education, and HIV screening and
treatment [11,79,123,143,154,155]. A recent systematic review found that community-based
HIV prevention approaches for FSWs were associated with improved HIV outcomes in India,

Brazil, and the Dominican Republic [79].
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One of the earliest and most well-known community mobilization initiatives is the Sonagachi
Project in Kolkata, India, which started as a peer-led condom education programme in the
Sonagachi red-light district in 1992 but evolved into a community empowerment program
[152,156,157]. A large FSW collective was formed, and through promoting group solidarity,
fostering empowerment, creating political awareness, forming savings and business co-
operatives, and increasing access to condoms and other social and material resources, this
initiative led to significant increases in condom use among sex workers, from 3% in 1992 to
90% in 1999 [79,98,158,159]. The low rate of HIV infection in Kolkatta is also thought to be
attributed to this programme [79,145]. To test the efficacy of the Sonagachi model, 2 other
communities in West Bengal were randomly assigned to a Sonagachi replication intervention or
a standard intervention [158]. Over a 15 month period, condom use significantly increased in
the Sonagachi intervention community compared to the standard intervention control

community [157,158].

Community mobilisation of sex workers is also a key component of Avahan, which is another
large-scale HIV prevention programme in India [154,160]. When evaluated in Karnataka and
Andhra Pradesh, these Avahan community mobilisation activities were found to have had
positive effects on condom use and structural barriers [123,154,160-162]. Outside of India, in
Brazil; a recent study has looked at the impact of Encontros, an intervention which included
strategies to mobilise FSW communities, expand social networks, create community
partnerships, and reduce stigma [163,164]. FSWs exposed to the Encontros intervention were
found to have significantly higher odds of reporting consistent condom use with regular clients
than FSWs not exposed to the Econtros interventions [163,164]. A study in the Dominican
Republic also looked at the impact of two community solidarity interventions among FSWs, one
with the addition of government policy on condom use and one without [165]. The community
solidarity intervention without the addition of government policy was associated with
significant increases in condom use with new clients, whilst the community solidarity
intervention with the addition of government policy was associated with significant increases
in condom use with both clients and regular partners and was also associated with a decrease
in STI prevalence [165]. Abriendo Puertas, a multi-level intervention in the Dominican Republic,
which included community mobilisation activities, stigma reduction, and sensitivity training for
HIV clinical care providers, was also found to significantly improve HIV outcomes (condom use
and ART adherence) in pre-post intervention surveys [165]. An integrated individual
community, and structural intervention in China, which included structural components such
as, community solidarity, collective commitment, multisectoral government community

partnership coordination, and stigma and discrimination reduction, also showed a positive
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impact on reducing HIV and STI risks (e.g. improved rates of condom use with different types of

partners) [150].
1.6.3 Addressing and preventing violence against FSWs

Given that FSWs experience a high burden of violence and that violence is an important risk
factor for HIV among FSWs, it is essential that violence against FSWs is addressed and
incorporated into HIV prevention for FSWs, to improve both the health, safety and well-being
of FSWs. In the recent WHO guidelines on HIV prevention among FSWs, it was recommended
that violence against FSWs should be addressed and prevented, and that antidiscrimination and
right-respecting laws should be established in order to protect against violence, discrimination,

and other violations of rights faced by sex workers [7].

One of the key strategies suggested by the WHO to try to address violence against FSWs is
community empowerment [11]. Community empowerment can provide a mechanism for
FSWs to engage in their problems, such as violence, and then mobilise and advocate for
changes to behaviours of groups and institutions that perpetrate violence and deny them their
rights [11]. In India, collective empowerment, being a member in a community group, and
living in an area with active community advocacy groups, have all been shown to be associated

with either reduced violence or fairer treatment from police [101,123,125].

Promoting the safety and security of sex workers, building sex workers’ knowledge of their
rights in relation to sex work and violence, and providing legal, health and other supportive
services for sex workers, have also been suggested as key strategies to reducing violence [11].
For example, SWEAT (Sex Worker Education and Advocacy Task Force), an organisation in
South Africa, has developed a list of safety tips for sex workers, organises community
meetings to help raise awareness among sex workers of their rights, refers sex workers to
lawyers if legal services are needed, and also provides counselling for those who have
reported incidents of abuse [11,15]. In Scotland, sharing lists and descriptions of violence
perpetrators, known as the Ugly Mugs Scheme, provides an early warning system for sex
workers about violent clients [166]. In Kenya, the sex worker project KASH (Keeping Alive
Societies’ Hope) has set up a phone hotline for sex workers in order to provide immediate
support and response to violence [11]. Advocating for legal and policy reforms, such as
decriminalisation of sex work, and working with police to reduce police harassment and
violence and raise their awareness about sex workers’ rights and laws, have also been

suggested as important violence reduction strategies [11,12,15].
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In India, numerous strategies to try and reduce violence against FSWs have been incorporated
into the Avahan HIV prevention programme [81,123,128,167-169]. For example, in
Karnataka, one of the states where Avahan operates, interventions include policy-level
advocacy, in which co-ordination committees with various stakeholders have been
established to work in partnership with the HIV prevention programme and to provide a
platform for sex workers to raise concerns, such as harassment and violence, with
government officials and police [81]. Partnerships with police heads have been created to try
to reduce police violence [81,128], and HIV/AIDS awareness and sex worker sensitisation
training has also been provided to journalists [81]. Volunteer human rights lawyers have also
been brought together, to provide sex workers with legal literacy and the ability to bring
perpetrators of violence to justice [81]. These human rights lawyers also deliver legal
empowerment workshops to many FSWs [81,128]. Crisis management teams have also been
set up to try and provide immediate responses to any violent attacks, sexual assaults, or
wrongful arrests against FSWs [81,128]. Community mobilization efforts also include
activities which focus on addressing feelings of powerlessness and isolation, and advocacy
against violence, wrongful arrest, stigma and discrimination [81,123]. Integrated bio-
behavioural surveys in Karnataka, indicate that these violence reduction interventions have
led to significant reductions in the proportion of FSWs reporting experiences of violence [81].
Similar police interventions implemented as part of Avahan in Andhra Pradesh, also led to a

significant decline in negative police interactions with FSWs [168].

There are now numerous positive examples of police practice and partnerships between
police and sex workers, including in Kisumu, Kenya, where KASH has helped foster
partnerships with police [109,170]. In Kenya, a brief alcohol reduction intervention was also
found to significantly reduce the odds of FSWs reporting experiences of different types of
violence [171,172].

1.7 Vulnerabilities of young female sex workers

Studies suggest that YFSWs may be more vulnerable to HIV than older FSWs for reasons such as
reduced ability to negotiate condom use, increased use of drugs and alcohol use, and
susceptibility to violence [173-175]. Furthermore, adolescents are often more vulnerable to
manipulation and exploitation or abuse by older people, which can potentially increase risk of
HIV infection [173-175], and for young women there are a number of biological mechanisms that
are thought to increase their risk of HIV acquisition [173,176]. Stigma, discrimination and
criminalisation of sex work can also be barriers to YFSWs uptake of health services, which may

contribute to YFSW’s heightened risk of HIV infection [173,175]. In addition to criminalisation
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of sex work, laws classifying sex work among people under 18 years of age as sexual exploitation,
make it particular difficult for young women under 18 who sell sex to access health services
compared to older sex workers [173-175]. Despite their unique vulnerabilities, YFSWs are an
under-researched population, whose needs are often not adequately addressed in the HIV
prevention response [173,175,177,178]. To address the specific needs of YFSWs, and for an
effective HIV response in YFSWs, it is important that studies are conducted to better understand

the dual epidemics of HIV and violence in this at risk population.

1.8 Mathematical modelling approaches for evaluating the impact of

interventions in the sex work context

Determining the effectiveness of HIV interventions and their impact on reducing HIV
transmission is essential for guiding HIV prevention approaches for FSWs. However, evaluating
interventions, especially complex structural and combination interventions is challenging, and
often conducting randomised controlled trials, the gold standard for evaluating efficacy of
interventions, is not possible [77,128,179,180]. Mathematical models are useful tools that are
increasingly being used to estimate the impact of HIV interventions and guide policy decisions
[181-184]. By simulating “what-if’ scenarios, mathematical models can help assess the impact
of any one or combination of behavioural, biological and structural interventions on

population-level HIV transmission [26,185].

Two recent reviews have identified a growing number of mathematical modelling studies that
have assessed the impact of FSW focussed interventions on HIV transmission among FSWs and
the wider community [26,181]. Mishra et al systematically searched for modelling studies
published between 1986 and 2011 that evaluated the impact of focused interventions among
high-risk groups, including FSWs [26]. The modelling studies identified evaluated a wide range
of interventions, including condom use, syndromic STI management, periodic presumptive
treatment for STIs, ART use, PrEP, and vaginal microbicides, and demonstrated that
interventions focused on FSWs could be effective in both high and low prevalence epidemic
settings [26]. However, there was also considerable variation in estimated impact across models
[26]. In low-prevalence epidemic settings, sex worker interventions in the absence of risk
compensation were estimated to avert 6-97% of HIV infections in the total population (i.e. FSWs,
clients and general population), and in high-prevalence epidemic settings, sex worker
interventions in the absence of risk compensation were estimated to avert 7-40% of HIV
infections in the total population (i.e. FSWs, clients and general population) [26]. Boily and
Shubber’s review of modelling studies among key populations published between 2012 and

2013 found that, across a number of models, targeting interventions to higher-risk individuals
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was often found to be more efficient [181]. Models assessing FSW focused interventions were
limited, but indicated that increasing ART coverage or reducing violence could avert HIV
infections among FSWs, other high-risk groups and the general population [181,186,187]. Since
these two reviews, other mathematical models have suggested that maximising FSWs access to
care and treatment (e.g. increased HIV screening, improved linkage to and retention in pre-ART
care, scale-up of ART, early ART initiation), targeting the most active FSWs for condom and STI
interventions, PrEP prioritised to FSWs, community empowerment, elimination of violence,
promotion of safe work environments, and decriminaisation of sex work, could be effective at
reducing HIV transmission [9,29,31,155,184,188,189]. Section 1.9 will describe in further detail
the existing studies which have modelled the potential impact of structural interventions among

FSWs.

1.9 Modelling structural HIV determinants and structural HIV interventions

in the sex work context

In addition to estimating the impact of interventions, mathematical models have been utilised
to explore complex and heterogeneous HIV transmission dynamics, estimate HIV incidence, and
understand the contribution of different sexual behaviours and risk factors to HIV epidemics,
[26,181,190,191]. As mathematical models allow you to study multiple, complex, interacting
dynamics through time, mathematical modelling could also be a potentially useful tool in helping
to understand structural HIV determinants and the impact of structural interventions among
FSWs. However, to date, very few mathematical models of HIV transmission among FSWs have
incorporated structural factors or assessed the impact of structural HIV interventions

[9,155,186,189)].

A recent modelling study conducted by Shannon and colleagues, which examined the potential
impact that structural changes could have on HIV infections among FSWs and their clients, was
the first and is the only study to date to directly incorporate structural factors into dynamical
HIV transmission models in the context of sex work [9]. In this study a deterministic
compartmental model was used to simulate sexual HIV transmission among FSWs and their
clients in three different settings (Vancouver, Canada; Mombasa, Kenya; and Bellary, India) [9].
For each setting modelled, the FSW population was stratified by structural determinants that
were important in shaping HIV risk to FSWs in each setting [9]. The main structural
determinants considered across all settings were work environment and different forms of
violence, and two settings additionally considered community empowerment (community
collectivization and peer-led outreach) [9]. The model considered the associations between

structural factors (e.g. higher rates of violence in some work environments), and the impact of
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these structural factors on different partner level risks (e.g. condom use), and individual
behavioural (e.g. duration of sex work) and biological (e.g. STI co-infection rates) factors in each
setting [9]. In two of the study settings (Canada and Kenya), it was estimated that reducing or
eliminating sexual violence and its short-term and long-term negative impacts on condom use
could substantially avert HIV infections by 17-20% in the next 10 years, and in Kenya, modest
coverage of peer-led outreach could avert 20% of HIV infections in the next decade [9]. Across
all settings, decriminalisation of sex work had the largest impact, averting 33-46% of HIV

infections in the next 10 years [9].

Three other modelling studies have also indirectly evaluated the impact of structural
interventions on HIV transmission among FSWs [155,186,189]. Vassall et al examined the
added impact of adding community empowerment interventions to core HIV prevention
services for FSWs delivered as part of Avahan for FSWs in two districts in Karnataka, India
(Bellary and Belgaum) [189]. In this study, an exposure analysis was first conducted to
estimate the incremental change in condom use with clients related to exposure to the
community empowerment intervention, and then these effect estimates were used to
parameterise in the model the fraction of increases in condom use with clients associated with
the community empowerment intervention [189]. It was estimated that the community
empowerment intervention had averted 1257 and 2775 HIV infections over a seven year period
in Belgaum and Bellary, respectively, which represented 31% and 39% respectively of the total
impact of Avahan over this period, respectively [189]. Another modelling study by Wirtz and
colleagues, also indirectly evaluated the impact of scaling up coverage of community
empowerment among FSWs in four countries (Kenya, Thailand, Brazil and Ukraine), using the
Goals model (a deterministic model which projects HIV prevalence and incidence) and an
impact matrix which translates changes in coverage of the community empowerment
intervention to changes in levels of inconsistent condom use in the model [155]. The impact of
expanding the community empowerment intervention from the baseline coverage (5% in
Kenya and Ukraine, and 10% in Thailand and Brazil) was examined. Over a 5-year period,
scaling-up the coverage of community empowerment interventions to optimistic levels (65%
in Kenya and Ukraine and 75% in Thailand and Brazil), was estimated to avert 220 infection
among sex workers in Thailand (8% reduction), 1830 in Brazil (10% reduction), 2220 in
Ukraine (12% reduction) and 10,800 in Kenya (12% reduction) [155]. Decker et al also used
the Goals model to estimate the impact of a hypothetical decrease in prevalence of violence
against FSWs on HIV transmission in Kenya and Ukraine. Reducing physical and sexual violence
among FSWs was estimated to avert 21,000 and 4,700 infections among FSWs and adults over 5

years, in Kenya and Ukraine, respectively, through reducing unprotected vaginal and anal sex
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[186].

Despite the importance of structural factors for HIV among FSWs, very few mathematical
modelling studies to date in the sex work context have incorporated structural HIV determinants
or evaluated structural interventions [9,155,186,189]. Only one study to date has modelled
structural factors for FSWs dynamically [9]. Modelling structural factors dynamically is important,
as it allows changes in structural factors over time, recurrence of exposure to structural factors,
and interactions between structural factors to be captured. All the modelling studies to date have
examined the impact of structural changes and interventions on HIV epidemics, but no studies
have utilised dynamic models to try and understand the dynamics and contribution of different
structural factors to HIV transmission in the sex work context. Given the emerging state of this
field, it is important to explore how different types of structural factors could be dynamically
modelled, and what types of research questions such models can be used to address, and also

determine what data is important to collect to inform and improve the predictions of these models.

1.10 Study settings

The work in this thesis is set mainly in Mombasa, Kenya, and also in Vancouver, in British
Columbia, Canada. These two settings have different types of HIV epidemics. Vancouver provides
a key example of a HIV epidemic concentrated among key populations [9]. Similar to other high-
income countries, and elsewhere in North America, the beginning of the Vancouver HIV epidemic
in the 1980s was characterised by a high incidence of HIV among men who have sex with men
(MSM) [192]. In the mid-1990s there was then a shift in HIV trends, with a rapid rise in HIV
incidence among injecting drug users (IDUs) and street-based FSWs [192]. Mombasa, like the
rest of Kenya, has a high HIV prevalence in the general population, but there is also a
concentration of very high HIV prevalence among key populations, including FSWs [9]. HIV
prevalence was 7.4% in the general population in Mombasa in 2014, and over the years, women
in Mombasa have consistently had a higher prevalence than men [193]. Mapping estimates
suggest that there are about 9000 FSWs in Mombasa [194]. HIV prevalence among FSWs in
Mombasa ranged between about 30-35% in 2005-2006 [120,195,196]. More recent studies
suggest that this may have reduced but is still high at about 20% [60,197].

There have been successful efforts in recent years to scale up ART access in both Kenya and
British Columbia, Canada among the general population [66,67,198-200]. Data on HIV treatment
and care for FSWs is limited in both settings (Figure 1.1) [39]. Alongside ART scale-up, there has
also been improved coverage of syringe distribution and other harm reduction in British

Columbia among the general population and PWID, which have all contributed to reductions in
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HIV incidence [9,67]. In addition to scaling up ART coverage, Kenya has made substantial
progress towards achieving other goals and targets set out in the Kenya AIDS Strategic
Framework [200]. For example, the country achieved 20% reduction in new HIV infections
among adults between 2013 and 2015 and 50% reductions in new HIV infections among children
in the same time period [200]. However, the contribution of young people to adult new HIV
infections has increased from 29% in 2013 to 51% in 2015 [200]. Young people, along with key
populations, such as FSWs, have been identified as priority populations in the Kenyan HIV
response [201,202]. Key populations, including FSWs, were first prioritised in the 2009-2013
Kenya National AIDS Strategic Framework, and since then there has been considerable expansion
in key population programmes, although prior to this, key populations were not a focus of the

Kenya HIV response [203].

In both settings, sex work is criminalised, and as will be described in further detail in later
chapters, there is a heavy burden of violence among FSWs in both settings, from numerous

perpetrators, including clients, intimate partners and police [9].

1.11 Thesis aims and chapter content

1.11.1 Thesis aims

There is increasing evidence to highlight the important role of structural factors in HIV risk and
transmission among FSWs. To achieve an effective HIV response among FSWs, it is essential that
structural interventions are incorporated into HIV prevention programmes for FSWs. In order to
inform the design and implementation of effective structural HIV prevention approaches and
interventions for FSWs, we need context specific data to better understand i) the patterns of
structural factors, ii) the effect of structural factors on HIV risk, and ii) the effectiveness of

different types of structural interventions on reducing HIV transmission at a population-level.

Responding to these needs, the aims of my thesis are to 1) investigate the burden and
determinants of violence against FSWs (a key structural determinant of HIV risk), 2) better
understand the effects and contribution of violence against FSWs to HIV transmission, and 3)

estimate the potential impact of violence interventions for FSWs on HIV transmission.

The next four chapters will address these aims using a combination of mathematical modelling
and statistical analysis: Chapters 2 and 3 address the first aim, Chapters 4 and 5 address the
second aim, and Chapters 2 and 5 address the third aim. The analyses undertaken are focussed
in two settings: Vancouver, Canada (Chapter 2) and Mombasa, Kenya (Chapters 3, 4 and 5). The

statistical analyses in Chapters 3 and 4 are focussed on YFSWs.
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1.11.2 Content of thesis and chapter organisation

In Chapter 2, I develop a new dynamic mathematical model to simulate experiences of workplace
violence among FSWs in Vancouver, Canada. I utilise this model to characterise the dynamics of
workplace violence, estimate incidence of workplace violence, and estimate the impact of
violence-related structural interventions on both workplace violence and inconsistent condom
use among FSWs in Vancouver. This analysis builds on the prior modelling work undertaken by
Shannon et al, which was introduced in Section 1.9, and utilises data from a prospective cohort of
sex workers in Vancouver, Canada, known as AESHA (“An Evaluation of Sex Workers Health
Access”). To date, very few mathematical models of HIV transmission among FSWs have
incorporated structural factors or assessed the impact of structural HIV interventions (see
Section 1.9), so this analysis addresses an important gap in the literature, and will provide
insights for future model development, data collection, and methodological approaches for

modelling structural determinants of HIV risk among FSWs.

In Chapters 3, 4 and 5, I focus on violence against FSWs in Mombasa, Kenya, with a focus on
YFSWs. In Chapter 3, [ examine the burden and determinants of violence (physical violence,
sexual violence, and police assault or arrest) among YFSWs in Mombasa, Kenya. I analyse data
from the Transitions study, which is a cross-sectional study of young women in Mombasa, Kenya,
that included participants who self-identified as sex workers. Following on from this analysis, in
Chapter 4, | examine whether there is a relationship between these experiences of violence and
HIV prevention programme exposure, inconsistent condom use, HIV/STI testing uptake and HIV
infection. I also explore the pathways underlying the associations found between violence and
HIV infection. YFSWs are often at even greater risk of violence and HIV than older FSWs, but are
a particularly under-researched population (see Section 1.7). Thus, the analyses conducted in
Chapter 3 and 4 address an important gap in the literature on violence and HIV for YFSWs. In
Chapter 5 [ utilise the findings from the data analyses in Chapter 3 and 4, to develop, parameterise
and calibrate a dynamic model of violence against FSWs and HIV transmission among FSWs and
their clients in Mombasa, Kenya. I use this model to explore the contribution of violence against
FSWs to HIV transmission and the potential impact of violence prevention on HIV transmission

among FSWs and their clients in Mombasa, Kenya.

In Chapter 6, I provide a broad overview and synthesis of the key findings, strengths, limitations
and implications of the work in this thesis; and discuss future directions of research. I also
provide a framework for guiding future modelling studies of structural HIV determinants, and

discuss the types of data needed for such modelling studies.
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2.1 Overview

In this chapter I develop a dynamic mathematical model to simulate experiences of workplace
violence among FSWs in Vancouver, Canada. My objectives are to use the model to characterise
the dynamics of workplace violence, estimate incidence of workplace violence, and estimate the
impact of violence-related structural interventions on both workplace violence and inconsistent
condom use among FSWs in Vancouver. A large cohort of sex workers in Vancouver, known as
AESHA, was the primary data source for guiding the development of the model structure,
informing model parameters, and calibrating and validating the model. Dr Kate Shannon
(University of British Columbia) shared the AESHA data for this chapter. Statistical analyses to
generate the aggregate-level AESHA data used in this modelling analysis, were conducted by

Melissa Braschel (University of British Columbia).
2.2 Background and rationale

As highlighted in Chapter 1, FSWs continue to experience high rates of workplace violence (e.g.
violence perpetrated by clients, police, managers, pimps or madams), facilitated by
criminalisation of sex work and stigma [1-3]. Police harassment (e.g. verbal threats, raids, arrest,
coercion and assault) and client physical or sexual violence, which are among the most ubiquitous
forms of workplace violence against FSWs in many settings, are important structural
determinants of HIV risk among FSWs, associated with inconsistent condom use, client condom
refusal, condom use failure, and HIV and STI infection [3,4]. Although workplace violence is
widespread, empirical data highlight the heterogeneity in risk of violence among FSWs [2]. For
example, a recent systematic review found that work environments of FSWs (i.e. places of
solicitation and servicing clients) are particularly influential in shaping risk of violence, with
studies from Canada, Britain and Russia documenting that FSWs working on the streets or in
public places were at highest risk of experiencing client or police violence [2,5-7]. Individual drug
and alcohol use were also found to be associated with elevated rates of workplace violence in a
number of settings [2]. Additionally, a number of studies have found an independent link
between negative policing practices (e.g. arrest, violence and coercion), and increased rates of
client physical and sexual violence [2,8-11], which highlights the complex interactions between

different types of violence.

Given the emerging studies documenting the negative impact of workplace violence on HIV risk
among FSWs, it will be crucial to incorporate structural approaches that address workplace
violence into HIV prevention for FSWs [3,12,13]. To inform the development of structural
interventions to reduce violence against FSWs, it is essential to understand the dynamics and

patterns of violence against FSWs, and estimating incidence of violence could also be helpful for
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monitoring trends in the burden of violence before and after structural changes and
interventions. Investigating the potential impact that different types of structural interventions
could have on HIV risk and transmission is also crucial for informing structural HIV prevention
approaches, and given the complex interacting nature of structural factors (e.g. the relationship
between different types of workplace violence, such as the influence of police harassment on
increasing client violence [2]), it is also important to consider and examine what impact structural
interventions could have on other structural conditions (e.g. to what extent could reducing police

harassment help to reduce client violence?).

As previously discussed in Chapter 1, mathematical models can help to understand the dynamics
of structural determinants and predict the potential impact of structural interventions. In the
absence of longitudinal data, models can be utilised to provide estimates of incidence of structural
determinants using cross-sectional prevalence data, which could potentially be useful given that
longitudinal studies are not often able to be conducted. A recent study by Shannon and colleagues
was the first to directly incorporate structural factors, including workplace violence against
FSWs, into a HIV transmission model for FSWs [3]. This novel model was utilised to explore the
impact of structural changes (e.g. violence elimination) on HIV transmission in three settings,
including Vancouver, Canada [3]. Outside the sex work context, there are also limited studies in
other key populations that have dynamically modelled structural HIV determinants [14]. In a
recent study by Altice and colleagues, a dynamic model of incarceration and HIV transmission
among PWID was developed and utilised to estimate the contribution of incarceration to HIV
transmission and the potential impact of prison-based interventions on HIV transmission among
PWID [14]. In the same study, calibration of the incarceration model component to data on
prevalence of incarceration among PWID and the mean number of times previously incarcerated,
was used to estimate incarceration and re-incarceration rates, average time spent in prison, and
PWID exit rates; and calibration of the HIV transmission model to HIV prevalence data among
PWID in different stages of incarceration was used to estimate the HIV transmission risk among
PWID in different stages of incarceration [14]. However, there are no comparable studies in the
sex work context that have been utilised to gain insights into the dynamics of violence, or other
structural HIV determinants. In addition, no studies have explored whether dynamic models can
be utilised to provide estimates of incidence of violence, or investigated what impact structural
interventions may have on the mediating factors on the pathway between violence and risk of
HIV acquisitions and transmission (e.g. condom use), and other structural conditions (e.g. to what

extent might client violence be reduced if police harassment was eliminated?).

In this Chapter, I build on the prior modelling work by Shannon and colleagues [3] to begin to

explore and address some of these unanswered research questions in the emerging field of
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modelling structural determinants of HIV among FSWs. My work is focused in the Vancouver
setting, where there is a heavy burden of different types of workplace violence, including police
harassment, client physical violence and client sexual violence; and police harassment increases
risk for client violence [2,3]. My aim is to develop, parameterise and calibrate a new dynamic
model of workplace violence experiences among FSWs in Vancouver, using data from a large

cohort of FSWs in Vancouver, and utilise it to:

1) Investigate the dynamics of workplace violence among FSWs in Vancouver
2) Estimate incidence of workplace violence among FSWs and validate these estimates
against empirical estimates from Vancouver
3) Estimate the potential impact of violence-related structural interventions on:
a. Levels of workplace violence among FSWs
b. Levels of inconsistent condom use (ICU) with clients among FSWs

4) Explore the sensitivity of model results to model assumptions and parameters

The new model developed in this chapter generalises the structure of the Shannon et al model, to
provide a more flexible and representative framework for understanding the dynamics of
workplace violence, and estimating incidence of violence. By estimating incidence of violence
using cross-sectional prevalence data, and validating these estimates against empirical incidence
estimates, I aim to determine if dynamic models of violence can be useful in estimating incidence
when only cross-sectional data is available. 1 do not explicitly model HIV transmission, testing,
or treatment among FSWs. Instead, this study focuses on the relationship between workplace
violence and a key mediating interpersonal partner-level HIV risk factor: ICU with clients. Overall,
from this study I hope to gain useful insights for future model development, data collection, and

methodological approaches for modelling structural determinants of HIV risk among FSWs.

2.3 Methods

The methods is split into the following five sections: i) study setting and primary data source, ii)
violence model, iii) incorporating condom use into the violence model, iv) modelling structural

interventions, and v) plan of analysis.

2.3.1 Study setting and primary data source

2.3.1.1 Study setting

This setting for this study is Vancouver, Canada, which has a HIV epidemic concentrated in key
populations, including FSWs (see Chapter 1, Section 1.10). In Vancouver, where most aspects of

the sex work industry have historically been criminalised, there is a high prevalence of workplace
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violence, especially among street-based FSWs and those who use illicit drugs [3,11,15,16]. Police
harassment is particularly common; 62% of FSWs report ever experiencing police harassment in
their lifetime, and 40% report experiencing police harassment in the past 6 months [3]. A high
proportion of FSWs also report ever experiencing client physical violence and client sexual
violence in their lifetime (51% and 47%, respectively), while recently experiencing client physical
violence and client sexual violence in the past 6 months is reported by 17% and 15% of FSWs,
respectively [3]. These experiences of workplace violence have many negative consequences for
FSWs HIV/STI prevention (e.g. has a sustained negative effect on condom use with clients) and
safety (e.g. recent police harassment reduces FSWs ability to screen clients and displaces them to
more isolated areas, which increases their risk for experiencing client violence) [3,11,15,17]. In
2013, a Supreme Court ruling deemed that three laws that prohibited running a bawdy house,
public solicitation, and living on the avails of prostitution were unconstitutional on the grounds
that these laws increased risk of harm to FSWs and thus violated their rights to security of the
person [15,18]. However, under new legislation introduced by the government in 2014 (Bill C-
36: The Protection of Exploited Persons and Communities Act), which criminalises the purchasing
of sex like the Nordic model introduced by Sweden in 2009, sex workers and service providers
report that they continue to experience the same negative impacts on their safety that led to the

Supreme Court ruling [15,19].
2.3.1.2 Primary data source

A large open prospective cohort of sex workers in Vancouver, Canada, known as AESHA (“An
Evaluation of Sex Workers Health Access”), was the primary data source for guiding the
development of the model structure, informing model parameters, and calibrating and validating
the model. AESHA, which initiated recruitment in 2010, was developed through substantial
community collaborations with sex work agencies, and continues to be guided and monitored by
a Community Advisory Board with representatives from over 15 agencies [20]. Time-location
sampling is used to recruit participants from outdoor (e.g., streets, alleys) and indoor (e.g.,
massage parlours, micro-brothels, other in-call locations) sex work locations [20]. Outdoor
solicitation locations and indoor sex worker venues were identified through community mapping,
and continue to be updated by outreach teams. Online recruitment is also used to reach sex
workers working through online solicitation spaces. Eligibility for the study includes being a
woman (trans inclusive), having exchanged sex for money within the last 30 days and providing
written informed consent. Participants complete a questionnaire, administered by a trained
interviewer, at baseline (i.e. when enrolled) and on a bi-annual basis thereafter, which elicits
responses on socio-demographics, sex work and drug use patterns, work environments, violence,

and policing experiences [21,22]. The study holds ethical approval through Providence Health
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Care/University of British Columbia Research Ethics Board. @ To be consistent with the
terminology used throughout the rest of this thesis, the women sex workers in this cohort will be
referred to as female sex workers (FSWs). Melissa Braschel, the AESHA statistician, provided the
aggregate-level data from AESHA that was utilised in this chapter (further details in Sections
2.3.2.3 and 2.3.5.2). Secondary analyses that I conducted on this aggregate-level data (further
details in Section 2.3.2.3) were approved by the Imperial College Research Ethics Committee,

United Kingdom.
2.3.2 Violence model

In the following sections I describe the development, structure, parameterisation, and calibration

of the dynamic violence model used in this chapter.
2.3.2.1 Model development

The violence model developed in this chapter, builds on prior work by Shannon and colleagues
[3], and was guided by data on experiences of workplace violence among FSWs in the AESHA
cohort (Figure 2.1). The new model includes the same essential components as in the Shannon
et al model, namely: three types of workplace violence (police harassment, client physical
violence and client sexual violence), stratification of the FSW population by work environment
and injecting drug use, and inclusion of between-violence dynamics. However, the model also
includes three key new features, which together provide a more flexible and representative
framework for understanding the dynamics of violence, and estimating incidence of violence. The

three key new features are as follows:

1) Distinguishing between recent and non-recent experiences of client sexual violence
The structural component of the Shannon et al model distinguished between recent and non-
recent experiences of police harassment and client physical violence, and allowed FSWs to
flow between these states, but client sexual violence was represented as a single
compartment which FSWs permanently remain in, which was done to reflect the greater
severity of sexual violence and larger increase in inconsistent condom use if ever exposed to
sexual violence. The new model, which also distinguishes between recent and non-recent
experiences of police harassment and client physical violence, additionally distinguishes
between recent and non-recent experiences of client sexual violence, with FSWs allowed to
flow between all these states of violence (i.e. FSWs do not remain permanently in any
compartment). This was done to better reflect that FSWs may continue to experience police

harassment and client physical violence after an experience of client sexual violence. By
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2)

3)

allowing FSWs to move in and out of each state, rather than being forced to stay in one

compartment, incidence of violence can be calculated.

Client sexual violence can occur prior to experiencing client physical violence

The Shannon et al model assumes that client physical violence necessarily preceded client
sexual violence. The new model relaxes this assumption, allowing FSWs to experience client
sexual violence prior to experiencing client physical violence. This was done to better reflect
data suggesting that some FSWs have experienced client sexual violence but not client
physical violence (Figure 2.1). However, based on AESHA data, to take into account that client
sexual violence may be more likely to occur with and following client physical violence, rates
of experiencing client sexual violence in the model are higher for FSWs who have recently

experienced client physical violence.

Concurrent experience of different types of workplace violence

In the Shannon et al model there are only six states of violence experience which are
represented by separate compartments: never experienced workplace violence, recent police
harassment, non-recent police harassment, recent client physical violence, non-recent client
physical violence, and ever client sexual violence. In the new model, there are three states for
each type of workplace violence (never experienced violence, recently experienced violence
and non-recently experienced violence), and each compartment represents a different
combination of violence states across the three types of workplace violence. This more
complex model structure was developed to better reflect that FSWs can experience multiple
types of workplace violence in a given time-period (Figure 2.1), and means that the model can
more easily be fitted and cross-validated to additional empirical estimates on the proportion

of FSWs who have experienced multiple types of workplace violence.
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A. Ever B. Recent
Police harassment Police harassment
Total=55% Total=35%
12.4% 21.7%
8.1% 3.8% 4.5% 4.3%
30.7% 4.5%
4.3% 6.9% 2.6% 4.3% 3 7% 1.5%
Client physical Client sexual Client physical Client sexual
violence violence violence violence
Total=50% Total=44% Total=17% Total=14%

Figure 2.1 Experiences of workplace violence among FSWs in Vancouver, Canada. Proportion of FSWs
who have (A) ever experienced police harassment, client physical violence and client sexual violence, and
(B) recently experienced police harassment, client physical violence and client sexual violence in the last 6
months. Figure shows baseline data (2010-2014) from 753 FSWs enrolled in AESHA, an open prospective
cohort of sex workers in Vancouver, Canada. These data were provided by Melissa Braschel, the AESHA
statistician. FSWs, female sex workers; AESHA, An Evaluation of Sex Workers Health Access.

2.3.2.2 Model structure

A flowchart of the new model structure, representing the dynamics of the following three types
of workplace violence: police harassment (excluding arrest and sexual violence), client physical
violence and client sexual violence, is shown in Figure 2.2. Each compartment represents a
different state of each of the three types of violence, and the arrows represent the flow of FSWs
between them. Based on AESHA data survey items, each type of violence has three possible
states: never experienced violence, recently experienced violence (within the last 6 months), and
previously but not recently experienced violence. FSWs in the model are also stratified by their
work environment (either outdoor/public space [e.g. street, alley, parks, public bathroom, or
vehicle], informal-indoor [e.g. bar, hotel, sauna, nightclub], or brothel/quasi-brothel [e.g.
managed indoor space/brothel, massage/beauty parlour, micro-brothel]) and injecting drug use
(ever injection drug use [ever IDU] or never injection drug use [non IDU]), which results in 6

different FSW sub-groups.

61



Chapter 2 Vancouver model

The model represents an open and stable population over time. FSWs enter and exit the modelled
population through initiation and cessation of sex work. Duration in sex work is specific to each
work environment and injecting drug use status. All new FSWs initiate sex work with no prior
experience of workplace violence (i.e. enter the never experienced police harassment/client
physical violence/client sexual violence compartment), with a fixed proportion starting sex work
in each work environment and injecting status. For simplicity, it is assumed that FSWs remain in
their given work environment and injecting drug use status for their duration in sex work.
Following sex work debut, FSWs can repeatedly experience each type of violence over time. The
rates of experiencing violence (for the first time and recurrently after a previous experience)
depend on FSWs work environment and injecting drug use status. To capture interactions
between different types of workplace violence, the rates at which FSWs experience one type of
workplace violence may also be increased (by a multiplicative rate ratio) if they have already
experienced another type of workplace violence. Specifically, FSWs who have recently
experienced police harassment are at increased risk of experiencing recent client physical
violence and client sexual violence, and FSWs who have recently experienced client physical
violence are at increased risk of experiencing recent client sexual violence [2,3]. A combination
of AESHA data, review of existing literature [3], and discussion with experts in Vancouver (Dr
Kate Shannon and Dr Kathleen Deering) informed the inclusion of these specific violence

interactions.

Model equations

The new violence model is defined by a set of ordinary differential equations (ODEs), which are
solved through numerical integration. The model equations, which are shown in the appendix
(see Text B1 in Appendix B), were coded in Matlab and solved numerically using the odel5s

solver, with outputs validated using the ode45 solver.
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Figure 2.2 Model structure for each FSW sub-group. The flowchart represents the dynamic and iterative
experiences of workplace violence among FSWs during their time in sex work. The model describes
progression through three different states of violence experience (none, recent or non-recent) for three
types of workplace violence: police harassment (PH), orange arrows; client physical violence (CPV), purple
arrows; and client sexual violence (CSV), green arrows. All FSWs enter the model with no prior experience
of workplace violence. Note that ceasing being a FSW, which can occur in each state, is not shown on this
diagram for simplicity. FSW, female sex worker.
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2.3.2.3 Model parameterisation

Table 2.1 describes the parameters in the violence model and gives their values (if a fixed
parameter) or prior ranges (if a calibrated parameter). The fixed parameters were varied in a
sensitivity analysis, which is described later (Section 2.3.5.4). The majority of parameter values
were based on baseline survey data (2010-2014) from AESHA for 753 FSWs in the cohort.
Melissa Braschel, the AESHA statistician, provided descriptive statistics on the proportion of
FSWs in each sub-group, the years in sex work among FSWs in each sub-group, and the proportion
of FSWs experiencing each type of workplace violence recently and ever (all FSWs and by sub-
group), and also provided estimates of the relative risk of experiencing one type of violence
among FSWs who have recently experienced another type of workplace violence, which were
used to inform the fixed and prior parameter ranges. The definitions of workplace violence based

on the AESHA survey items are given in Table 2.2.

To inform the prior parameter ranges of some parameters, further analysis of the aggregate-level
AESHA data was required. First, as the years in sex work is reported by active FSWs and on
average would be half the actual lifetime duration in sex work, the data on the duration of sex
work was adjusted by a two-fold factor to give the prior range of lifetime duration in sex work.
Second, a system of ODEs simplifying the full violence model component to represent the
dynamics for just one type of violence and one FSW sub-group at a time, was used to generate
prior ranges for the first-time and repeat violence rates for each type of violence among each sub-
group of FSWs. The equilibrium prevalence of violence in this simplified system of equations,
which assumed a constant population size and no violence interactions, was derived and matched
to the AESHA prevalence data. To take into account that this simple system of ODEs ignore
interactions between the different types of violence, the lower limit of the prior ranges for each
violence rate was widened to zero. Other sources of data for informing model parameterisation

are shown in Table 2.1.
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Table 2.1 Parameter values and prior ranges for the violence model

Vancouver model

Parameter Symbol  Type of Value or Source
parameter Prior
Range

FSW population size in Vancouver city ~ Ntot Fixed 1500 Shannon et al 2014 [3]
in 2013
% of FSWs in each sub-group (pmn) AESHA survey data

Non-IDU, outdoor-based p11 Fixed 12.0

Non-IDU, informal indoor-based p12 Fixed 8.0

Non-IDU, brothel-based p13 Fixed 29.0

Ever-IDU outdoor-based p21 Fixed 30.0

Ever-IDU, informal indoor-based p22 Fixed 18.0

Ever-IDU, brothel-based p23 Fixed 3.0
Lifetime duration selling sex (years) in Based on AESHA survey
each sub-group (kmn) data (see Section 2.3.2.3 for

Non-IDU, outdoor-based K11 Calibrated 16.5-23.3 further details)

Non-IDU, informal indoor-based K12 Calibrated 16.8-27.1 Note: 1/kmn = annual rate

Non-IDU, brothel-based K13 Calibrated 6.4-8.0 of turnover (€mn)

Ever-IDU outdoor-based K21 Calibrated 28.1-32.2

Ever-IDU, informal indoor-based K22 Calibrated 32.2-39.7

Ever-IDU, brothel-based K23 Calibrated 23.7-39.4
Rate (per year) that FSWs experience Based on AESHA survey
police harassment for the first time by data (see Section 2.3.2.3 for
sub-group (abH further details)

Non-IDU, outdoor-based affl Calibrated 0-0.134

Non-IDU, informal indoor-based aft Calibrated 0-0.066

Non-IDU, brothel-based alf Calibrated 0-0.038

Ever-IDU outdoor-based abt Calibrated 0-0.157

Ever-IDU, informal indoor-based abf Calibrated 0-0.132

Ever-1DU, brothel-based abll Calibrated 0-0.252
Rate (per year) that FSWs experience Based on AESHA survey
client physical violence for the first data (see section 2.3.2.3 for
time by sub-group (a$hY further details)

Non-IDU, outdoor-based aftv Calibrated 0-0.084

Non-IDU, informal indoor-based aftv Calibrated 0-0.069

Non-IDU, brothel-based alt’ Calibrated 0-0.027

Ever-IDU outdoor-based astv Calibrated 0-0.122

Ever-IDU, informal indoor-based astv Calibrated 0-0.096

Ever-1DU, brothel-based astv Calibrated 0-0.256
Rate (per year) that FSWs experience Based on AESHA survey
client sexual violence for the first time data (see section 2.3.2.3 for
by sub-group (aSs’ further details)

Non-IDU, outdoor-based aftv Calibrated 0-0.060

Non-IDU, informal indoor-based afsv Calibrated 0-0.066

Non-IDU, brothel-based a3y Calibrated 0-0.024

Ever-IDU outdoor-based assv Calibrated 0-0.076

Ever-IDU, informal indoor-based assv Calibrated 0-0.073

Ever-IDU, brothel-based assv Calibrated 0-0.119
Rate (per year) that FSWs re- Based on AESHA survey
experience police harassment if data (see section 2.3.2.3 for
previously experienced police further details)
harassment by sub-group (vi?

Non-IDU, outdoor-based vPH Calibrated 0-7.950

Non-IDU, informal indoor-based vPH Calibrated 0-4.493

Non-IDU, brothel-based viH Calibrated 0-12.497

Ever-IDU outdoor-based viH Calibrated 0-4.438

Ever-IDU, informal indoor-based vPH Calibrated 0-3.963

Ever-IDU, brothel-based vPH Calibrated 0-14.758
Rate (per year) that FSWs re- Based on AESHA survey
experience client physical violence if data (see section 2.3.2.3 for
previously experienced client physical further details)
violence by sub-group (vFY

Non-IDU, outdoor-based vEerv Calibrated 0-1.856
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Non-IDU, informal indoor-based vERv Calibrated 0-1.614

Non-IDU, brothel-based vEey Calibrated 0-8.168

Ever-IDU outdoor-based vs§Pv Calibrated 0-1.349

Ever-IDU, informal indoor-based 2144 Calibrated 0-1.260

Ever-IDU, brothel-based vEPv Calibrated 0-1.858
Rate (per year) that FSWs re- Based on AESHA survey
experience client sexual violence if data (see section 2.3.2.3 for
previously experienced client sexual further details)
violence by sub-group (v53Y

Non-IDU, outdoor-based vy Calibrated 0-2.185

Non-IDU, informal indoor-based vy Calibrated 0-1.755

Non-IDU, brothel-based vEsY Calibrated 0-3.913

Ever-IDU outdoor-based Ve Calibrated 0-1.446

Ever-IDU, informal indoor-based vssv Calibrated 0-0.994

Ever-IDU, brothel-based visv Calibrated 0-2.629
Multiplier (relative risk ratio) for RRPHtoCPV Calibrated 1.2-2.3 AESHA survey data
increased rate of first-time and repeat
client physical violence if recently
experienced police harassment
Multiplier (relative risk ratio) for RRPHtoCsV Calibrated 1.6-3.4 AESHA survey data
increased rate of first-time and repeat
client sexual violence if recently
experienced police harassment
Multiplier (relative risk ratio) for RRCPVtCSV  Calibrated 4.1-8.1 AESHA survey data
increased rate of first-time and repeat
client sexual violence if recently
experienced client physical violence
Time to non-recent police harassment 0 Fixed 0.5 Timescale from AESHA

or client physical violence or client
sexual violence from recent police
harassment, client physical violence or
client sexual violence (years)

survey item (experienced
violence in last 6 months)
Note: 1/6 = rate of
transition from recent to
non-recent violence states

(e)

Note: parameter symbol subscript m = injecting drug status (1= non-IDU, 2 = ever-IDU); parameter symbol subscript
n = work environment (1= outdoor-based, 2 = informal indoor-based, 3 = brothel-based).

Table 2.2 Definitions of violence

Type of workplace Definition

violence

Police harassment
(without arrest or
sexual violence)

Experienced any of the following encounters with police while working: told to move on,
police raid, threated with arrest/detainment/fine, searched, followed, picked up and
driven elsewhere to work, verbally harassed, detained, delayed/held against will without

arrest, physically assaulted, drugs/drug use equipment taken, other property taken

Client physical
violence

assaulted with a weapon

Experienced any of the following from clients: physically assaulted/beaten,
abducted/kidnapped, strangled, locked/ trapped in car, thrown out of a moving car, or

Client sexual violence

attempted sexual assault, or raped

Experienced any of the following from clients: forced to have sex without a condom,

66



Chapter 2 Vancouver model

2.3.2.4 Model calibration

To take into account uncertainty in the model parameters, model calibration was done in a
Bayesian framework, using Latin Hypercube Sampling (LHS) combined with a target fitting
method, to obtain multiple parameter sets that simultaneously fit to data on prevalence of

violence [23,24]. The model calibration involved four steps:

1) LHS was used to randomly select a large number of parameter sets from the prior
parameter ranges given in Table 2.1. Each prior parameter range was assigned a uniform
prior distribution for this sampling process.

2) The model was initialised with all FSWs having never experienced any violence and then
run with each parameter set for 100 years in order to reach equilibrium prevalence of
each type of violence. To check that equilibrium prevalence was reached I used an
equilibrium tolerance criterion which examined the relative difference in prevalence of
violence at 100 years and the previous year. The tolerance criterion was set to 0.00025
which was guided by early model simulations in which I visually verified that equilibrium
prevalence of violence was reached by 100 years.

3) A parameter set was accepted as a posterior parameter set for further analysis, if the
model run projections of workplace violence prevalence at equilibrium simultaneously
lay within the 95% confidence intervals of the following workplace violence prevalence
data: prevalence of client sexual violence among all FSWs (ever and recently), prevalence
of client physical violence among all FSWs (ever and recently), and prevalence of police
harassment among all FSWs (ever and recently) (Table 2.3). The process was repeated

to obtain 100 model fits that agreed with the fitting violence prevalence outcomes.

The model fit was cross-validated by comparing the model predictions on prevalence of each type
of violence among each FSW sub-group (ever and recently), and prevalence of experiencing
multiple different types of violence (ever and recently) to additional observed data (see Table B1

in Appendix B).

The best fitting parameter set, which was determined using a least squares method (i.e. minimum
squared deviation between the observed prevalence data and model prevalence output), was

used in sensitivity analyses for the fixed parameters (see Section 2.3.5.4).
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Table 2.3 Prevalence data used in model fitting

% (95% CI) Source

Experienced police harassment

Ever 55.0% (51.3-58.6%) AESHA survey data?

Recently! 34.5% (31.1-38.0%) AESHA survey data?
Experienced client physical violence

Ever 50.3% (46.7-54.0%) AESHA survey data?

Recently! 16.7% (14.1-19.6%) AESHA survey data?
Experienced client sexual violence

Ever 44.4% (40.8-48.0%) AESHA survey data?

Recently! 14.2% (11.8-16.9%) AESHA survey data?

1 In the last 6 months
2 Baseline data from 753 participants enrolled between 2010 and 2014

2.3.3 Incorporating condom use into the violence model

Inconsistent condom use (ICU) was incorporated into the violence model in order to evaluate the
potential impact of violence-related structural interventions on reducing levels of ICU among
FSWs in Vancouver. This was done by linking the workplace violence model to an ICU matrix,
representing the fraction of FSWs using condoms inconsistently (henceforth referred to as ICU
prevalence) for each compartment of the violence model. The following sub-sections provide
details on the generation of the ICU matrix, and how information from the ICU matrix and violence
model were combined to generate the overall prevalence of ICU in the model, which is a key
outcome of interest. Following this, I describe the sampling of the parameters used in generating

the ICU matrix.
ICU matrix

The ICU matrix was generated using available data on i) the baseline prevalence of ICU for each
work environment, ii) the relative risk ratio for ICU associated with injecting drug use, and iii) the

relative risk ratio for ICU associated with violence (Table 2.4), as follows:

1) Baseline ICU prevalence: each work environment compartment was assigned its specific
baseline ICU prevalence (i.e. ICUg1 or ICUgz or ICUg3).

2) Condom use associated with IDU: the baseline ICU prevalence of each work environment
was multiplied by a relative risk ratio associated with a history of ever injecting drugs
(RRipu).

3) Condom use associated with violence: the ICU prevalence associated with each work
environment and IDU state was further multiplied by a relative risk ratio associated with
experience of violence. Data suggested an increased risk of ICU associated with recent
experience of police harassment (RRr-pu), with recent or non-recent experience of client
physical violence (RRr-crv or RRur.cpv, respectively), and with ever experiencing sexual

violence (RR Ecsv). For compartments representing experience of multiple types of
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workplace violence, the ICU prevalence was only multiplied further by the highest relative
risk ratio. This conservatively assumes that effects of violence on ICU do not compound
each other. The influence of this assumption will be assessed in sensitivity analyses (see

Section 2.3.5.4).
Linking the ICU matrix to the violence model to generate the ICU outcome

The overall prevalence of ICU, one of the key model outputs of interest, can easily be derived as
the sum of each ICU matrix value weighted by the relevant proportion of FSWs in the

corresponding violence model compartment.
Sampling parameter values for the ICU matrix

Table 2.4 gives the prior ranges of the ICU parameters used in generating the ICU matrix. LHS
was used to randomly sample from these ICU parameter prior ranges, to create 100 ICU

parameter sets (one for each of the existing 100 model fits).

Table 2.4 ICU parameters and prior ranges

Parameter Symbol Prior Range Source

ICU in 2013 if: Shannon et al
Non-IDU, outdoor-based FSWs ICUB1 9.7-26.1% 2014 [3]
Non-IDU, informal indoor-based FSWs ICUs2 10.3-32.9%

Non-IDU, brothel-based FSWs ICUs2 1.7-7.3%
Relative risk (RR) for ICU if ever-IDU FSW RRipu 0.9-2.0 Shannon et al
2014 [3]

RR for ICU due to the following workplace violence experiences: Shannon et al
Recent police harassment RRRr-pH 1.0-2.0 2014 [3]
Recent client physical violence RRr-cpv 1.1-3.8
Non-recent client physical violence RRnr-cPv 1.0-2.2
Ever client sexual violence RRE-csv 1.6-5.1

2.3.4 Modelling structural interventions

There are five structural interventions implemented in the model, which focus on the elimination
of different types of violence and the elimination of ICU associated with past (i.e. non-recent)
experiences of violence (see Table 2.5 for further details). These structural interventions assume
a perfect and instantaneous intervention, where violence or the excess risk of ICU due to non-
recent violence is eliminated immediately following implementation of the intervention.
Interventions are implemented when the equilibrium prevalence of workplace violence has been
reached. Each of the five interventions affects ICU (see Table 2.5), and due to the interactions
between police harassment and client violence, eliminating police harassment (Intervention 1)
also affects client violence. The outcomes of interest are the reduction in prevalence of client
violence (Intervention 1 only), and the reduction in average prevalence of ICU (all Interventions)

(see Section 2.3.5.3 for further details).
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Table 2.5 Structural interventions modelled

Vancouver model

Intervention

Intervention detail

Assumptions

Effect on condom use
and violence

1) Eliminate police
harassment

Eliminate future experiences of police
harassment by turning rates of first-
time and repeat police harassment to
Zero

Assumes that police
harassment is
eliminated
immediately

FSWs will no longer be
experiencing excess risk
of ICU or increased risk of
client violence due to
recent police harassment

2) Eliminate client
violence

Eliminate future experiences of client
violence by turning rates of first-time
and repeat client physical violence
and client sexual violence to zero

Assumes that client
violence is
eliminated
immediately

FSWs will no longer be
experiencing excess risk
of ICU due to recent client
physical and client sexual
violence

3) Eliminate client
violence and
eliminate ICU
associated with
previous exposure to
client violence

Eliminate future experiences of client
violence by turning rates of first-time
and repeat client physical violence
and client sexual violence to zero.
Eliminate excess risk of ICU due to
non-recent client violence by
switching the RR of ICU for non-
recent client violence to one.

Assumes that client
violence and excess
risk of ICU due to
non-recent client
violence is
eliminated
immediately

FSWs will no longer be
experiencing excess risk
of ICU due to recent and
non-recent client violence

4) Eliminate
workplace violence

Eliminate future experiences of police
harassment and client violence by
turning rates of first-time and repeat
police harassment and client physical
violence and client sexual violence to
Zero

Assumes that police
harassment and
client violence is
eliminated
immediately

FSWs will no longer be
experiencing excess risk
of ICU due to recent
police harassment, client
physical violence and
client sexual violence

5) Eliminate
workplace violence
and eliminate ICU
associated with
previous exposure to
workplace

Eliminate future experiences of police
harassment and client violence by
turning rates of first-time and repeat
police harassment and client physical
violence and client sexual violence to
Zero.

Eliminate excess risk of ICU due to
non-recent client violence by
switching the RR of ICU for non-
recent client violence to one.

Assumes that police
harassment, client
violence and excess
risk of ICU due to
non-recent client
violence is
eliminated
immediately

FSWs will no longer be
experiencing excess risk
of ICU due to recent and
non-recent police
harassment and client
violence

2.3.5 Analysis Plan

The base case (i.e. posterior parameter sets) is used to predict relevant model outcomes to
address the different chapter objectives. Model outputs from the 100 posterior parameter sets,

are reported as the median and 95% credible interval (CrI) (i.e. 2.5th and 97.5th percentiles).
2.3.5.1 Characterising the dynamics of violence

The posterior parameter sets that fit the data provide a posterior range and distribution for each
calibrated parameter, and thus give model estimates for the rates of first-time and repeat
workplace violence, and the multipliers (relative risk ratios) for rates of first-time and repeat

workplace violence if FSWs have recently experienced another type of violence.
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2.3.5.2 Estimating incidence of violence and external validation
Model estimates

Each model fit is used to estimate incidence rates (per 100 person year) of i) first-time (FT) and
ii) first-time and repeat (FTR) (i.e. all) exposure to police harassment, client physical violence,

and client sexual violence overall, and by sub-group, work environment and injecting drug use.

In the model, FT incidence rates at equilibrium were estimated by dividing the cumulative
number of FT violence events in one year by the total number of FSWs who have never
experienced violence at the start of the year, and multiplying by 100. FTR incidence rates at
equilibrium were estimated by dividing the cumulative number of FTR violence events in one

year by the total number of FSWs, and multiplying by 100.
External validation to empirical data

The model estimates of violence incidence rates were then compared to empirical incidence rates
of violence estimated from AESHA cohort data. Melissa Braschel, the AESHA statistician, carried
out analyses to estimate incidence of workplace violence from AESHA cohort data. These
incidence estimates, were based on baseline and follow-up interviews conducted between 2010
and 2014, which matches the time-period of baseline data used to parameterise and calibrate the
model. Further details on how incidence rates of workplace were derived from AESHA cohort

data are provided in the appendix (see Text B2 in Appendix B).
2.3.5.3 Evaluating the impact of structural interventions

The impact of each of the five structural interventions modelled (see Table 2.5) was quantified in
terms of the reduction in prevalence of recent client physical violence and recent client sexual
violence (evaluated for Intervention 1: Elimination of police harassment), and the reduction in
average prevalence of ICU (evaluated for Interventions 1 to 5), compared to the baseline scenario
without any structural intervention. These outcomes are calculated after 5 years of each

intervention, among all FSWs, and by sub-group.

The relative reduction in prevalence of recent client violence due to elimination of police
harassment (Intervention 1), was calculated by subtracting the prevalence of client violence after
implementation of the intervention from the prevalence of client violence at the start of the

intervention and dividing this by prevalence of client violence at the start of the intervention.

The relative reduction in average ICU due to each of the five interventions was calculated by

subtracting the average prevalence of ICU after 5 years of the intervention from the average
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prevalence of ICU at the start of the intervention and dividing this by the average prevalence of

ICU at the start of the intervention.

2.3.5.4 Sensitivity analyses

A number of sensitivity analyses were conducted to explore the influence of model parameters

and assumptions on model outcomes:

1

2)

3)

Influence of parameter uncertainty: Partial rank correlation coefficients (PRCCs) were
used to assess which calibrated parameters influenced selected model outcomes the
most, including: incidence rates of violence among all FSWs, relative reduction in
prevalence of client violence among all FSWs due to elimination of police harassment, and
relative reduction in ICU prevalence among all FSWs due to each of the five interventions.
PRCCs measure the monotonic relationship between each input parameter and outcome
measure while controlling for all other input parameters [23,25]. PRCCs range between -
1 and +1, with value of -1 or +1 indicating a perfect negative or positive correlation,

respectively [23,25].

Univariate sensitivity of fixed parameters: Univariate sensitivity analyses, using the best
fitting parameter set (see Section 2.3.2.4), were conducted to examine the influence of
fixed parameters on selected model outcomes. Fixed parameters of interest were the
proportion of FSWs in each work environment and the duration of time in the recent
violence compartment (0). Although 6 is based on the time-scale in the survey (FSWs are
asked about experiencing violence in the last 6 months), potential recall bias means that
itis important to understand the sensitivity of results to this parameter. Model outcomes
of interest were the same as those examined in the first sensitivity analysis. Fixed model
parameters were varied one at a time between an upper and lower value (#10% of their
fixed value) (see Table B2 in Appendix B), while holding all other parameters at their
baseline value (see Tables B2 and B3 in Appendix B). Further univariate sensitivity
analyses were also conducted for the calibrated parameters that were most strongly
associated with each outcome (PRCC=>0.5). Upper and lower values for these calibrated

parameters were +10% of their baseline value.

Sensitivity of intervention impact to ICU assumptions: The predicted impact of each
intervention on ICU was re-calculated based on an alternative ICU assumption, where the
increased risk in ICU for FSWs who have experienced multiple types of violence was a
product of the increased risk associated with each type of violence (e.g. RRr.py * RRp-crv),

rather than being capped at the highest RR value.
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4) Importance of incorporating between-violence dynamics: The model was re-calibrated and
model outputs were re-estimated when assuming that there was no relationship between
the different types of violence (i.e. RRPHtoCPV=1, RRPHoCSV=1 and RRCPVtoCsV=1). This was
done to understand the importance of incorporating between-violence dynamics in the
model for different outcomes, and if for some research questions between-violence
dynamics could potentially be ignored to reduce model complexity and the number of

model parameters.

2.4 Results

2.4.1 Calibration results
Fitting results

Figure 2.3 shows close agreement between the prevalence of violence predicted by the model and

the data from AESHA used in the fitting process.
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Figure 2.3 Prevalence of workplace violence among all FSWs: Model projections compared to AESHA
data used in the fitting process. PH, police harassment; CPV, client physical violence; CSV, client sexual
violence. Coloured bars represent the median value of the model fits or the point estimate from AESHA
data, and error bars represent the 95% credible interval of the model fits or the 95% confidence interval
of the point estimate from AESHA data.
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Cross-validation results

Similarly, Figure B1 in Appendix B shows generally good agreement between model estimates for
the prevalence of each type of violence by different FSW sub-groups and AESHA cross-validation
data (i.e. data not used for fitting), apart for brothel-based FSWs who have ever injected drugs.
Model estimates for experiencing multiple different types of violence also matched well to AESHA
cross-validation data (Figure 2.4), although the model tended to underestimate prevalence of
experiencing recent client sexual violence and recent client sexual violence and prevalence of

experiencing all three types of workplace violence recently.
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Figure 2.4 Prevalence of experiencing multiple types of workplace violence among all FSWs: Model
projections compared to AESHA cross-validation data. PH, police harassment; CPV, client physical
violence; CSV, client sexual violence. Coloured bars represent the median value of the model fits or the
point estimate from AESHA data, and error bars represent the 95% credible interval of the model fits or
the 95% confidence interval of the point estimate from AESHA data.

2.4.2 Insights from posterior parameter values

Table B4 in Appendix B shows the posterior median and 95% credible intervals of the calibrated
parameters. The posterior parameter distributions that were more restricted and informed by
the fitting data compared to their prior distributions, were the annual rates of first-time police
harassment and the annual rates of repeat police harassment, which were typically skewed
towards higher values; and the annual rates of repeat client sexual violence and increased risk of
first-time and repeat client sexual violence if recently experienced police harassment (RRPHtoCSY),

which were typically skewed towards lower values.

The posterior parameter values for the annual rates at which FSWs re-experience workplace

violence (vhH,viPVand v53Y) are much higher than the annual rates at which FSWs experience
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workplace for the first-time (abH, a$PVand a$;V). These suggest that FSWs who have previously
been exposed to police harassment, client physical violence, and client sexual violence on average
re-experience it again within 1.7-4.5 months, within 0.2-1.8 years, and within 0.7-7.1 years,
respectively (based on the reciprocal of the relevant rate estimate of repeat violence). Some FSWs
re-experience violence even sooner if they have recently been exposed to another type of
violence, due to the interactions between violence types (i.e. RRPHtCPV RRPHtoCSV  RRCPVtoCSV),
Interestingly, FSWs in brothels who never injected drugs have the lowest rates of experiencing
workplace violence for the first-time, but have the highest rates of repeat workplace violence once
exposed to workplace violence. The model also suggests that FSWs who have recently
experienced police harassment are on average 1.8 and 2.3 times more likely to experience client
physical violence (RRPHt©CPV) and client sexual violence (RRPHtCSV), respectively, than FSWs who

have not recently experienced police harassment.
2.4.3 Incidence of violence and external validation
Model estimates

Table B5 in Appendix B shows the model estimates for incidence rates of FT and FTR violence.
As would be expected, for each type of violence the incidence of FT violence is substantially lower
than incidence of FTR violence, as it takes a lot longer on average to experience violence for the
first-time (Table B4 in Appendix B). Overall, the median incidence of FT violence is highest for
police harassment (5.2 per 100 person years), followed by client physical violence (4.1 per 100
person years) and then client sexual violence (3.3 per 100 person years). Similarly, the median
incidence of FTR violence is highest for police harassment (67.8 per 100 person years), followed
by client physical violence (33.4 per 100 person years) and then client sexual violence (30.3 per
100 person years). Outdoor-based FSWs had the highest incidence rates of each type of violence,
followed by informal indoor-based FSWs, then brothel-based FSWs who had the lowest incidence
rates, about 2-3 times lower than that of outdoor-based FSWs. FSWs who had ever injected drugs
had 2-3 times higher incidence rates of violence compared to FSWs that had never injected drugs.
Incidence rates were typically higher among brothel-based FSWs who had ever injected drugs
compared to FSWs in other sub-groups, but the estimates for this sub-group also had the largest

uncertainty.
Validation to empirical data

Figures 2.5 and 2.6 compare incidence rate estimates of FT and FTR violence predicted by the

model with empirical estimates from the AESHA cohort data.
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The model estimates for incidence rates of FT client sexual violence and client physical violence
match reasonably well to the empirical estimates, but tended to underestimate the client violence
incidence rates among all FSWs, and the client physical violence incidence rates among brothel
based FSWs (Figure 2.5). The model estimates for incidence rates of FT police harassment did
not match well to the empirical estimates, tending to underestimate the incidence rates
substantially, but did reproduce the empirical trends in incidence rates across the work

environments (Figure 2.5).

The model estimates for incidence rates of FTR violence did not match well to the empirical
estimates (Figure 2.6), with the model overestimating all FTR violence incidence rates
substantially. However, the trends in incidence rates across work environment were consistent

for police harassment and client physical violence (Figure 2.6).
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Figure 2.5 Incidence rates of first-time workplace violence among all FSWs and by FSWs work
environment: model projections compared to empirical data. (A) Police harassment (B) Client
physical violence. (C) Client sexual violence. Coloured bars represent the median value of the model
fits or the point estimate from AESHA data, and error bars represent the 95% credible interval of the model
fits or the 95% confidence interval of the point estimate from AESHA data.
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Figure 2.6 Incidence rates of first-time and repeat (i.e. all) workplace violence among all FSWs and
by FSWs work environment: model projections compared to empirical data. (A) Police harassment
(B) Client physical violence. (C) Client sexual violence. Coloured bars represent the median value of
the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval
of the model fits or the 95% confidence interval of the point estimate from AESHA data.
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2.4.4 Impact of structural interventions
Impact on client violence

The potential impact that eliminating police harassment (Intervention 1) could have on reducing
the prevalence of recent client violence is shown in Figure 2.7. Due to the interactions between
police harassment and client violence, these results indicate the eliminating police harassment
could reduce the prevalence of recent client physical violence in relative terms by a median of
18.1% (95% Crl: 7.6-28.8%) after 5 years, and could reduce the prevalence of recent client sexual
violence in relative terms by a median of 26.8% (95% Crl: 18.4-41.1%) after 5 years. In general,
larger reductions in prevalence are seen for FSWs who have ever injected drugs compared to
FSWs who have never injected drugs. The lowest relative reduction in prevalence is among non-
IDU brothel-based FSWs, due to the fact this this group of FSWs report the fewest recent

experiences of police harassment.
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Figure 2.7 Five-year impact of eliminating police harassment (Intervention 1) on prevalence of (A)
recent client physical violence and (B) recent client sexual violence among all FSWs and by risk
group. Coloured bars represent the median value of the model fits and error bars represent the 95%
credible interval of the model fits.
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Impact on ICU

Figure 2.8 shows the relative reduction in average prevalence of ICU after 5 years of each
structural intervention. The baseline level of ICU among all FSWs was 43% (Table B6 in Appendix
B). Eliminating police harassment alone (Intervention 1) had the smallest impact on ICU, with a
median relative reduction in ICU of 3.2%. Eliminating client violence alone (Intervention 2) had
alarger impact, resulting in a median relative reduction in ICU 0f 9.8%. The combined elimination
of both police harassment and client violence (Intervention 4) reduced the prevalence of ICU by
a median of 12.1%. Interventions that eliminated workplace violence while also addressing the
long-term negative effects of previous workplace violence on ICU (Interventions 3 and 5) resulted
in the largest relative reductions in ICU (median relative reduction of 47.1% and 55.3%,

respectively).

Results stratified by FSW sub-group all show the same trend in impact across interventions (see
Table B7 in Appendix B). For Interventions 1, 2 and 4, the relative reduction in ICU was similar
across sub-groups (Table B7, Appendix B). For Interventions 3 and 5 the relative reduction in
ICU was much lower for non-IDU, brothel-based FSWs compared to FSWs in other sub-groups, as
very few non-IDU, brothel-based FSWs have a history of workplace violence, so the impact of

Interventions 3 and 5 will be similar to that of Interventions 1, 2, and 4 (Table B7, Appendix B).
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Figure 2.8 Relative reduction in prevalence of inconsistent condom use among all FSWs after 5 years
of each intervention. Coloured bars represent the median value of the model fits and error bars represent
the 95% credible interval of the model fits. Intervention key: Intervention 1 - Eliminate police harassment;
Intervention 2 - Eliminate client physical violence; Intervention 3 - Eliminate client violence and eliminate
ICU associated with previous exposure to client violence; Intervention 4 - Eliminate workplace violence;
Intervention 5 - Eliminate workplace violence and eliminate ICU associated with previous exposure to
workplace.
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2.4.5 Sensitivity analyses

This section highlights the key results from across the four sensitivity analyses. Text B3 in
Appendix B provides further details on each analysis, and Table B8-B11 and Figures B2-16 show

the results from each sensitivity analysis.

As expected, the PRCC analysis showed that model estimates of workplace violence incidence
were most strongly positively associated with the rates (first-time and/or repeat) at which FSWs
experience each type of workplace violence (Tables B8-B9 in Appendix B). Due to the high
prevalence of police harassment, incidence of client physical violence and incidence of client
sexual violence also had strong positive correlations with RRPHtoCPV (the multiplier for increased
rates of client physical violence if recently experienced police harassment) and RRPH©CSV (the
multiplier for increased rates of client sexual violence if recently experienced police harassment),
respectively (Tables B8-B9 in Appendix B). The univariate sensitivity analysis also highlighted
that incidence estimates of violence were sensitive to the proportion of FSWs who are brothel-
based, the proportion of FSWs who ever injected drugs, and the time spent recently experiencing

violence (0) (Figures B2-B3 in Appendix B).

Unsurprisingly, the relative reduction in prevalence of recent client physical violence and
prevalence of recent client sexual violence due to eliminating police harassment was strongly

positively correlated with RRPAtCPY and RRPH®CSV (Table B10 in Appendix B).

As expected, estimates of the relative reduction in prevalence of ICU due to each intervention
were larger under the alternative ICU assumption compared to the original ICU assumption
(Figure B6 in Appendix B), as the average ICU at baseline is larger under the alternative ICU
assumption than the original ICU assumption (Table B6 in Appendix B). The impact of
Intervention 1 (elimination of police harassment) increased the most under this alternative ICU
assumption (Figure B6). Univariate sensitivity analyses also showed that the relative reduction
in prevalence of ICU due to each intervention was sensitive to the proportion of FSWs who are

ever IDU (Figure B5 in Appendix B).

When the model was re-calibrated assuming that there was no relationship between the different
types of workplace violence (i.e. RRPHtoCPV=1 RRPHoC(SV=1 and RRCPVto(SV=1), there were no longer
any model fits that matched the cross-validation data for the prevalence of experiencing both
recent client sexual violence and recent client physical violence or the prevalence of experiencing
all three types of workplace violence recently (Figure B13 in Appendix B). Otherwise, the re-
calibrated model agreed well with the fitting and other cross-validation AESHA data (Figures B7-
B12 in Appendix B), and the majority of model outcomes were similar to the original model

calibration (Figures B14-B16 in Appendix B).
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2.5 Discussion

In this chapter, the dynamic, recurrent and interacting experiences of three different types of
workplace violence among FSWs in Vancouver, Canada, were simulated using a mathematical
model that was calibrated to workplace violence prevalence data. The model, which took into
account differences in risk of workplace violence among FSWs in different work environments
with different levels of injecting drug use, was used to characterise the dynamics of workplace
violence, estimate incidence of workplace violence, estimate the impact of structural
interventions, and explore the sensitivity of model results to model assumptions and parameters.

The model estimates of violence incidence rates were also compared to empirical estimates.
2.5.1 Summary of key results and implications
Characterising dynamics of violence

By calibrating the model to prevalence data, the model provides some potential insights into the
dynamics of workplace violence. The results suggest that regardless of work environment and
injecting drug use, the time between recurrent experiences of police harassment is short, ranging
on average between 1.7-4.5 months across the different FSW sub-groups. This suggests that there
is a similar risk of repeat police harassment among all FSWs who have ever been exposed to police
harassment, and that among these FSWs who have ever experienced police harassment there is
a high frequency of repeat police harassment. Police harassment has many negative
consequences for FSWs health and safety, so it will be important to address. As described
previously in Chapter 1, potential strategies for reducing police harassment include community
empowerment and building partnerships with police. FSWs in formal-establishments who never
injected drugs had the lowest rates of experiencing workplace violence for the first-time, which
agrees with previous studies which have found formal establishments to be one of the safer work
environments for FSWs in Vancouver [2,5,6,11]. However, interestingly, once exposed to
workplace violence this group of FSWs had the highest rates of repeat workplace violence,
suggesting that there is potentially a vulnerable sub-group of FSWs in formal establishments who

should be identified and supported.
Estimating incidence of violence and validation to empirical data

One aim of this analysis was to see if calibrating the model to prevalence data could be used as a
method of estimating incidence of workplace violence, which would be particularly useful for
settings where FSW cohorts do not exist or where longitudinal studies of FSWs are not feasible
to conduct. The model was calibrated to baseline prevalence data and the resulting incidence

projections were validated against empirical incidence estimates from AESHA longitudinal
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follow-up data. The model generally predicted well the incidence of first-time client physical
violence and first-time client sexual violence, but tended to over or under-estimate other violence
incidence rates. This indicates that the current method is of limited usefulness for estimating
incidence of violence, and incidence estimates from the model should be interpreted with caution.
However, there may have been changes in rates of violence exposure over time in reality [26],
which may mean that assuming an equilibrium prevalence of violence and constant rates of
violence may not hold. Additional prevalence and incidence estimates by year could help tease
out if there have been changes in violence experiences. If evidence suggests any changes, the
model could include rates of violence that vary over time in a pre-determined way based on the

empirical data.

Even though the current method and model formulation was unable to satisfactorily reproduce
empirical cohort data incidence estimates, this should not impact too much on the subsequent
analyses where I evaluated the impact of structural interventions on ICU and client violence, as
these impact outcomes are driven by prevalence of violence rather than incidence of workplace
violence. The model matched well to the fitting and cross-validation prevalence data.  This
analysis is also an important first step in developing a method for estimating incidence of violence
from prevalence data, and also motivated the generation of novel estimates of violence incidence
from the AESHA cohort in Vancouver, which in themselves are important outcomes from this
modelling exercise given the limited data on incidence of violence among FSWs [27,28]. Among
FSWs enrolled in AESHA, incidence of violence averaged over a 4-year period was substantially
lower among FSWs working in brothels or quasi-brothels compared to those working in
outdoor/public spaces or those working in informal-indoor venues (Figure 2.6). Incidence of
workplace violence was highest among FSWs working in outdoor/public spaces, tending to be
one and a half to two times higher than the incidence of workplace violence among informal-
indoor based FSWs (Figure 2.6). This highlights the need to promote and improve access to
indoor work environments which are safer, and to implement strategies to improve safety for

FSWs working in outdoor/public spaces [3].
Impact of structural interventions

The calibrated model was also used to evaluate the impact of structural interventions on client
violence and levels of ICU with clients. Interventions examined focussed on elimination of

violence and elimination of ICU associated with past experiences of workplace violence.

Due to the interaction between police harassment and client violence in the model, the results
suggest that an intervention which eliminates police harassment (Intervention 1) could lead to

an average 18% and 27% relative reduction in prevalence of client physical violence and client

83



Chapter 2 Vancouver model

sexual violence, respectively over 5 years. This result supports calls to work with police to help
improve the health and safety of sex workers [1,29,30]. There are emerging examples from
around the world of positive partnerships between police and FSWs [30]. Larger reductions in
prevalence were seen for FSWs who have ever injected drugs compared to FSWs who have never
injected drugs, suggesting that police-related interventions may be particularly beneficial for

improving safety among FSWs who inject drugs.

Due to the large and sustained effects of client violence on ICU, eliminating both client violence
and the long-term negative effects of client violence, had a large impact on reducing levels of ICU,
which supports WHO recommendations to incorporate violence prevention strategies into HIV
prevention programmes for FSWs [13,31]. Elimination of both police harassment and client
violence, coupled with support to address the long term negative effects of client violence,
resulted in the largest reductions in ICU, which indicates the need for multi-pronged structural
interventions to address and prevent workplace violence. Elimination of police harassment and
client violence alone, without support to address the long-term negative effects of client violence,
had a more limited impact over the next 5 years, which also highlights the importance of
providing comprehensive care and support for FSWs who have previously experienced client
violence. A similar result was found in the Shannon et al modelling analysis, where elimination
of police harassment and client violence alone had a negligible impact on HIV infections averted
over 10 years, whereas elimination of both police harassment and client violence, combined with
support to address the sustained negative effects of violence on condom use, could avert 24% of

HIV infections among FSWs and their clients over a decade [3].
Sensitivity analyses

The impact of eliminating violence on client violence was particularly sensitive to the degree of
association between police harassment and client violence, which highlights the need for context-
specific studies to understand and measure the degree to which different types of violence
interact and influence each other, in order to more robustly estimate the impact of structural

interventions on other related structural conditions.

The impact of each intervention on ICU was also particularly sensitive to ICU model assumptions.
When it was assumed that the increased risk in ICU for FSWs who have experienced multiple
types of workplace violence was a product of the RR associated with each type of workplace
violence, rather than capped at the highest RR value, the impact of interventions was greater, and
elimination of police harassment was markedly more impactful. This result highlights the

importance of estimating ICU by number of types of violence experienced.
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Univariate sensitivity analyses highlighted that a number of the model outcomes estimated in this
analysis were sensitive to the relative sizes of the FSW sub-groups in the model, which suggests
a need for more data to be collected on the size of FSW sub-groups, how they evolve over time,
and how FSWs move between the sub-groups. Future work should seek to incorporate
uncertainties in the size of FSW sub-groups, which was not done in the current analysis to reduce

the number of parameters being varied in the LHS process.

Another issue that was explored in this analysis, was the importance of including between
violence-dynamics in the model for different model outcomes and research questions. This was
examined through re-calibrating the model when assuming that there was no relationship
between the different types of workplace violence and comparing model outputs with the original
model calibration where the different types of workplace do interact. [ found that the two model
calibrations produced very similar results in terms of model fitting and cross-validation to
prevalence data, estimation of incidence of workplace violence, and impact of client violence
interventions on ICU. The two model calibrations differed the most when cross-validating to
prevalence of experiencing multiple types of workplace violence. Taken together, these results
suggest that for research questions that relate to either estimating incidence of violence or the
impact of structural interventions on HIV transmission, it may be acceptable, in the context of
further study in Vancouver, to not include between-violence dynamics if model complexity could
benefit from being reduced. This result does not apply when evaluating the impact of structural

interventions on other interacting structural conditions.

2.5.2 Strengths and limitations

To the best of my knowledge, this is one of the first modelling studies among FSWs to focus on
structural HIV determinants, and the multiple sensitivity analyses conducted provide useful
insights for future model development and data collection. The model developed for this analysis
is novel in terms of its more detailed representation of experiences of workplace violence among
FSWs in Vancouver, and a key strength of this analysis is that the model design was informed by
context-specific data and discussions with epidemiologists in Vancouver. Despite being able to
utilise data from a large cohort of FSWs, data availability was still a limiting factor in the design
of the model. As data on the frequency of workplace violence was not collected, the model was
structured to reflect the available data on prevalence of workplace in the last 6 months (i.e. recent
workplace violence) and ever. This results in a conservative model assumption that a maximum
of one event of each type of workplace violence can occur in a 6 month period. This means that
model is likely to be underestimating incidence of violence and the time it takes for FSWs to re-

experience workplace violence. If new data on the frequency of violence becomes available (e.g.
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from survey questions such as “how often have you experienced violence in the last 6 months?”),

the model structure could be updated to reflect these more realistic inputs.

A strength of the model is that it takes into account important heterogeneities in risk of workplace
violence by stratifying the FSW population into sub-groups with different rates of workplace
violence. However, due to limited data, it was assumed that FSWs remained in their given sub-
group for the duration of the model, which is unlikely to be an accurate representation of reality,
and may influence the model estimates. For parsimony, the model also assumed that rates of
workplace violence did not vary over time. This is a limitation of the model, as it does not take
into account that experiences of workplace violence may have changed over time due to
interventions and/or changes in policy (e.g. the introduction of Bill C-36 in Vancouver which

criminalises clients) [15,18].

Another strength of this analysis was the model calibration approach where prior parameter
ranges were sampled by LHS to identify multiple parameter sets for further analysis that agreed
with the empirical data. This approach allows the model results to take into account uncertainty
in the data. However, a limitation of this approach is that some parameter sets which agree with
the empirical data may have combinations of parameter values that may not be realistic (e.g. rates
of workplace violence being higher in non-IDU sub-groups compared to ever-IDU sub-groups)
(see Text B3 in Appendix B). Future work should consider whether to place additional

constraints on the parameter sets accepted for analysis.

There are also methodological limitations with the interventions modelled. Each intervention
modelled assumes that workplace violence or the excess risk of ICU due to non-recent workplace
violence is eliminated immediately following implementation of the intervention. The results
therefore reflect the maximum potential impact of each structural intervention modelled.
However, in reality, complete elimination of workplace violence could be challenging, and
reductions in workplace violence and ICU are likely to occur slowly. Thus, the results are likely

to be overestimates of the impact of structural interventions.

There are also additional limitations with the data used to parameterise and fit the model. First,
under-reporting of violence due to social desirability bias could have occurred during the
collection of the empirical data used in the model, which could lead to under-estimating incidence
of violence and the potential impact of structural interventions. Second, it may be difficult for
FSWs to remember exactly when violence experiences occurred, so the empirical data and thus

the model estimates may be affected by recall accuracy.

Another limitation of this analysis is that the model results cannot be generalised to other

settings, due to the context-specific nature of structural determinants. However, the flexible
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model structure I developed means that the model can be adapted and parameterised to other
settings, provided that data is available. In chapter 5, I adapt the model to the context of violence
against FSWs in Mombasa, Kenya. The adaptation of the model will be informed by data analysed
in the next two chapters (Chapters 3 and 4).

2.5.3 Conclusions

In summary, in this chapter, workplace violence experiences among FSWs in Vancouver, Canada
were dynamically modelled. The novel model developed more systematically simulates
experiences of workplace violence among FSWs in Vancouver compared to the prior modelling
study by Shannon and colleagues, and cross-validated well against prevalence data on workplace
violence. However, future work is needed to improve the accuracy of incidence estimates
projected by the model. The results highlighted the need to address different types of workplace
violence to improve the safety and health of FSWs in Vancouver. This novel analysis is one of the
first modelling studies conducted to try and understand structural determinants of HIV, estimate
incidence of structural determinants, and evaluate the impact of structural interventions among

FSWs; and provides important insights for future model development and data collection.
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Chapter 3: Burden and determinants of violence among
young women who self-identify as sex workers

in Mombasa, Kenya
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3.1 Overview

In this chapter, I examine the burden and determinants of violence among young women who sell
sexin Mombasa, Kenya. [ analyse data from the Transitions study, which is a cross-sectional study
of young women in Mombasa, Kenya, that included participants who self-identified as sex
workers. The work presented in this chapter has been written up as a manuscript for publication,
and so has benefitted from the critical review of co-authors. The co-authors for this manuscript
include: Dr Mike Pickles, Professor Marie-Claude Boily, Parinita Bhattacharjee, Dr Marissa Becker,
Dr Sharmistha Mishra, Dr Eve Cheuk, Helgar Musyoki, Dr Shajy Isac and Professor James
Blanchard. Dr Marissa Becker (University of Manitoba) and Dr Sharmistha Mishra (University of

Toronto) shared the Transitions data which was analysed in this chapter.
3.2 Background and rationale

As highlighted in Chapter 1, violence against FSWs is widespread, and has negative consequences
for FSW’s physical, sexual, reproductive and mental health, including increased risk for HIV and
other STIs [1-10]. FSWs commonly experience physical and sexual violence from multiple
perpetrators, including clients, police and intimate partners [1-3,9]. Harassment, extortion,
unlawful arrest and detention by police is also ubiquitous across many settings [1,3,9]. FSWs are
particularly vulnerable to these abuses due to their stigmatised and marginalised position in
society and the often criminalised nature of sexwork [1,7,9,11,12]. Existing literature documents
awide range of individual, interpersonal and structural factors (e.g. duration in sex work, number
of sexual partners, and work environment) that have been associated with increased risk of

physical and sexual violence among FSWs globally [2].

In Kenya, where sex work is criminalised [13,14], emerging studies demonstrate that violence
against FSWs perpetrated by clients, intimate partners and police are pervasive [7,11,13,15-32].
In Mombasa, 32% and 55% of FSWs reported client sexual violence and physical or sexual
intimate partner violence (i.e. by husband or boyfriend) in the past year, respectively [18,22]. In
a national pooling both survey across Kenya, 44% of FSWs reported being arrested or beaten up
by police or criminal elements in the past 6 months [16]. However, these studies have typically
focused on older populations of FSWs, with a mean (or median) age between 25 and 40 years.
Little is known about the experiences of violence among young FSWs, who may be even more
vulnerable to violence than their older peers [33-38]. It is important to understand the burden
of violence among young FSWs so that policies and programmes for FSWs can be designed to take

into account the specific needs of young FSWs [38].
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In several studies outside of Kenya, harrasment, arrest and violence by police have been shown
to increase FSW’s risk for sexual and physical violence [2]. No comparable studies have yet been
undertaken in Kenya, and prevalence estimates of police violence in Kenya still remain
particularly scarce. A previous study in Kenya identified childhood abuse as a risk factor for
experiencing intimate partner violence in adulthood, a phenomonen known as re-victimization
[25], but no study has yet examined whether violence experienced early on in sex work increases

FSWs risk of experiencing violence later on in sex work.

In this chapter, my objectives are to: (1) estimate the burden of sexual violence, physical violence
and police assault or arrest among young FSWs in Mombasa, Kenya, according to different time
periods (lifetime and since self-identifying as a FSW), (2) examine the individual, interpersonal
and structural factors associated with lifetime experiences of sexual violence, physical violence
and police assault or arrest among young FSWs in Mombasa, Kenya, and (3) examine the
relationship between sexual violence, physical violence and police assault or arrest in the first

month of sex work and most recent month of sex work among young FSWs in Mombasa, Kenya.
3.3 Methods

3.3.1 Study population and the Transitions study

The data analysed in this chapter were drawn from the Transitions study, which is a cross-
sectional study of young women aged 14-24 years who self-report engaging in either formal sex
work, transactional sex or casual sex in Mombasa, Kenya. In this chapter, my analyses focus on
the 408 participants in the Transitions study who self-identified as sex workers; who for the

remainder of this thesis will be referred to as young female sex workers (YFSWs).

The Transitions study, which is being led by a team of researchers from the University of
Manitoba, primarily aims to characterise the factors that influence HIV risk in the transition
period (time between first sex and formal entry into sex work) and access gap (time between
formal entry into sex work and engagement with HIV prevention services). Prior to
implementation of this study, geographical mapping was conducted to identify sex work
“hotspots” (defined in this study as locations where FSWs congregate to solicit clients or where
other women seek sexual partners). These hotspots formed the sampling frame for the study. A
multi-stage cluster sampling approach with probability proportional to the size of the
enumerated population of FSWs in each identified hotspot, was used to identify and recruit
participants into the study between April-November 2015. Following written informed consent,
trained interviewers conducted face-to-face interviews with participants using a structured
questionnaire. I was able to provide input on the design and types of questions included in the

violence section of the questionnaire, and to contribute to other questions included in the
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questionnaire relating to FSWs sexual behaviours, work environment, alcohol use, and health
care access (e.g. HIV testing uptake and ART use), which provide important information for the

analyses conducted here and other chapters of this thesis.

The Transitions study was approved by the institutional ethics review board of the University of
Manitoba, Canada and the Kenyatta National Hospital-University of Nairobi Ethics and Research
Committee, Kenya. The secondary data analyses [ have conducted on Transitions data (including
those presented here and in the following chapters) were also approved by the Imperial College

Research Ethics Committee, United Kingdom.
3.3.2 Measures
3.3.2.1 Violence

[ examined three types of violence against sex workers: sexual violence (being forced to have sex
when not willing), physical violence (being physically hurt by a sex partner), and police assault
or arrest (being physically assaulted or arrested by law enforcement during sex work). I created
dichotomous variables to examine the experience of each type of violence during a YFSW’s
lifetime (i.e. ever), and in the first and most recent month of sex work. I also examined the age at
which YFSWs first experience each type of violence, the frequency of each type of violence during

the first and most recent month of sex work, and the perpetrators of sexual and physical violence.

3.3.2.2 Explanatory variables

Drawing on Shannon et al’s structural HIV determinants framework [7], which was described in
Chapter 1 (Section 1.5.1),  examined a number of individual, interpersonal and structural factors
that could potentially increase risk for violence among sex workers. The selection of these factors
(i.e. explanatory variables) was based on a review of the literature on determinants of violence
against FSWs (see Box 3.1). Individual variables examined included age, literacy, education,
marital status, having a regular source of income, alcohol use, drug use, age at entry into sex work,
and duration in sex work. Interpersonal explanatory variables examined included number and
type of sexual partners, and alcohol or drug use by the participant or a sexual partner during sex.
Sexual partners include clients, transactional sex partners, and intimate partners. Clients are
defined as men with whom the price of sex was negotiated before the sex event and by whom
money is often paid before or immediately after the sex event. Transactional sex partners are
defined as men with whom the participant had had sex, with the expectation that she would
receive money, gifts or other resources in return, but where the price of sex was not negotiated
upfront and was implicitly understood. Intimate partners are defined as a participant’s husband,
spouse or boyfriends. Structural explanatory variables examined included main place or way to

meet clients, having a manager or pimp, and being coerced or deceived into sex with your first 10
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clients after self-identifying as a sex worker. The dichotomous violence variables were also

examined as explanatory variables.

Box 3.1 Literature review for determinants of violence against FSWs

Aim of literature review:
To identify individual, interpersonal and structural determinants of violence against sex workers

Relevant existing published reviews:
A systematic review was conducted by Deering et al in June 2013, and updated in September 2013, to
identify factors shaping sexual or physical violence against sex workers globally [2].

Methods for my review of the literature:
I reviewed the literature in three stages:

1) Ireviewed the papers included in the Deering et al systematic review

2) Iconducted a supplementary search in Pubmed and Embase to identify peer-reviewed studies
published after September 2013 which examined factors shaping sexual or physical violence against
sex workers:

- Searched in Pubmed and Embase on 13/09/2016 using the same search terms as the Deering et
al systematic review: violence OR sexual violence OR physical violence OR victimization; AND
sex work OR sex worker* OR prostitute* OR prostitution

- Articles were limited to those published in English and published after September 2013

3) Iconducted a supplementary search in Pubmed and Embase to identify peer-reviewed studies
examining factors shaping other forms of police perpetrated violence against FSWs (e.g. harassment,
arrest, extortion)

- Searched in Pubmed and Embase on 16/09/2016, using the following search terms: police OR
policing OR law enforcement OR officer* OR arrest* OR detention OR detain* OR raid* OR
crackdown*; AND sex work OR sex worker* OR prostitute* OR prostitution

- Articles were limited to those published in English and published from 2000 onwards

Findings from my literature review:

Table C1 in Appendix C summarises the different factors which were significantly associated with
violence against sex workers in adjusted analyses of the peer-reviewed studies identified in the Deering
et al systematic review (stage 1) and my supplementary literature review (stages 2 and 3). These
findings were used to guide the selection of individual, interpersonal and structural explanatory
variables for my analysis (see Section 3.3.2.2).
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3.3.3 Data analysis

For objective 1, I used descriptive statistics to estimate the prevalence and characteristics of
violence against YFSWs, and the McNemar test to compare the proportion of YFSWs reporting

violence in the first and most recent month of sex work.

For objective 2, I used bivariate chi-square tests and conducted univariate and multivariate
logistic regression to examine the association between explanatory variables and each lifetime
violence outcome. For these analyses, all continuous explanatory variables were categorised into
binary variables (based on the median), due to their non-linear relationships with the logits of at
least one outcome. Explanatory variables displaying little heterogeneity (i.e. >95% of YFSWs
falling in one category) were not evaluated. Multivariate logistic regression models were
constructed separately for each of the three outcome variables, and included all explanatory
variables associated with the outcome at p<0.1 from bivariate analyses [39,40]. For each
multivariate model, a complete case analysis was used, and adjusted odds ratios (AORs) with 95%
confidence intervals (CIs) are presented. Crude odds ratios (ORs) from univariate logistic
regression models are also presented for each explanatory variable included in multivariate
analysis. One explanatory variable (number of clients in the last week) was excluded from
multivariate analysis due to having >10% missing data. Two explanatory variables were strongly
correlated (frequency of inebriation in the past month and ever been inebriated when had sex in
the past month). If both were statistically significant at a p-value<0.1 in bivariate analysis, the
one most strongly associated with the outcome in bivariate analysis was kept in the multivariate
model [40]. Age, age at entry into sex work and duration in sex work are collinear (age at entry
into sex work is derived from age and duration in sex work), so only age and duration sex work
are included in multivariate models if all three were associated with the violence exposure

variable in bivariate analysis.

For objective 3, I used univariate logistic regression to examine the association between
experiences of each type of violence in the first month of sex work (explanatory variables) and
experiences of each type of violence in the most recent month of sex work (outcome variables).

Crude ORs and their 95% Cls are reported for each outcome.

All the analyses described above were conducted using STATA statistical software (version 12),

and took into account the survey design and within cluster-homogeneity using svyset commands.
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3.4. Results

3.4.1 Participant characteristics

Table 3.1 summarises individual, interpersonal and structural characteristics of the self-
identified YFSWs. Their median age was 20 years, and most participants were 18 years or older
(84.6%). Most participants had never been married (93.4%). A third (29.7%) reported drinking
alcohol almost every day or every day in the last month. Very few had ever injected drugs (1.2%).
The median age at start of sex work was 18 years (IQR: 16-19.5), the median number of years in
sex work was 2 (IQR: 1-3), and the median number of clients in the last week was 4 (IQR: 1-7).
Just over half reported working in an entertainment venue (e.g. bar, disco, club, café, sauna) in

both the first and most recent month of sex work (54.1% and 59.1%, respectively).

Table 3.1 Individual, interpersonal and structural characteristics of the YFSW participants

% or median (IQR) N

Individual
Current age, years 20.0 (18.0-22.0) 408
Literate (i.e. can read and write) 97.3 408
Highest level of education completed

None 30.2 407

Primary school 51.6 407

High school or higher 18.2 407
Ever married 6.6 408
Age at entry into sex work, years 18.0 (16.0-19.5) 385
Duration in sex work, years 2.0 (1.0-3.0) 385
Frequency of alcohol consumption, in last month

Less than once a month 229 407

1-3 times a month 14.7 407

1 to 3 times a week 32.7 407

Almost every day 13.0 407

Every day 16.7 407
Binge-drank in, last month 29.7 407
No. of times inebriated, in last month

0 times 62.2 407

1-3 times 23.8 407

4-6 times 7.4 407

7+ times 6.6 407
Ever used drugs 31.0 406
Ever injected drugs 1.2 405
Has a regular source of income 16.5 407
Interpersonal
No. of clients in a typical week, in first month of sex work 3.0 (2.0-4.0) 392
No. of clients, in last week 4.0 (1.0-7.0) 362
No. of transactional sex partners, in first month of sex work 1.0 (0.0-2.0) 396
No. of transactional sex partners, in last week 0.0 (0.0-1.0) 396
Had sex with an intimate partner, in last month 44.8 400
Ever been inebriated when had sex, in last month 27.7 404
Ever had sex with an inebriated partner, in last month 69.7 406
Ever been high when had sex, in last month 15.2 401
Structural
Main place/way met paying clients, in first month of sex work

Entertainment venue 54.1 405
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Street/bus stop 25.4 405

Other (e.g. hotel, home) 20.5 405
Main place/way met paying clients, in most recent month of sex work

Entertainment venue 59.1 403

Street/bus stop 16.6 403

Other (e.g. hotel, home) 24.3 403
Had a manager or pimp, in first month of sex work 10.8 408
Had a manager or pimp, in most recent month of sex work 2.9 408
Coerced or deceived into having sex with first 10 clients after self- 27.3 407

identifying as a sex worker
No. of sex workers that you know personally

0-5 31.5 406
6-15 40.2 406
16-30 17.0 406
31+ 11.3 406

Abbreviations: YFSWs, young female sex workers; IQR, inter-quartile range

3.4.2 Burden of violence
3.4.2.1 Prevalence

Figure 3.1 shows the prevalence of each type of violence among the sample of YFSWs. Two-thirds
(65%) had already experienced at least one type of violence in their lifetime. The lifetime
prevalence of each type of violence was high: police assault or arrest was most common (45.3%),
followed by physical violence (29.8%) and sexual violence (29.5%). Many YFSWs had
experienced multiple types of violence; 17.5% and 11.0% reported two and three types,

respectively in their lifetime.

Prevalence of police assault or arrest increased nearly four-fold between the first and most recent
month of sex work (4.0% versus 14.7%; p-value<0.001), while prevalence of physical violence
increased by half (5.0% versus 7.7%; p-value=0.007). There was a non-significant increase in
prevalence of sexual violence between the first and most recent month of sex work (4.8% versus
7.2%, p-value=0.149). Overall, twice as many YFSWs reported experiencing at least one type of
violence in the most recent month of sex work compared to the first month of sex work (23.5%

versus 11.9%, p-value<0.001).
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A. Lifetime (i.e. ever)

B. First month of sex work

Burden and determinants of violence

C. Most recent month of sex work

Police assault or arrest
Total=45.3%

Any type of
violence
Total=65.0%

23.5%
6.0% 4.8%
11.0%
- 7.0%
6.0% 6.8%

Sexual violence
Total=29.5%

Physical violence
Total=29.8%

Any type of Police assault or arrest
violence Total=4.0%
Total=11.9%
3.7%
0.0% 0.0%
0.3%
3.4% 3.2%
1.3%

Physical violence
Total=5.0%

Sexual violence
Total=4.8%

Police assault or arrest
Total=14.7%

Any type of
violence
Total=23.5%

11.9%
1.3% 0.8%
0.8%
3.1% 3.1%
2.6%

Sexual violence
Total=7.2%

Physical violence
Total=7.7%

Figure 3.1 Prevalence of each type of violence (sexual violence, physical violence and police assault or arrest) during a YFSWs A) lifetime (N=400), B) first month of
sex work (N=379), and C) most recent month of sex work (N=388). YFSWs, female sex workers.
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3.4.2.2 Age at first experience of violence

The first experience of sexual violence, physical violence and police assault or arrest occurred at
a median age of 17.0, 18.9 and 19.0 years, respectively (Table 3.2). In half of YFSWs, the first
experience of sexual violence occurred before they started sex work (Table 3.2). In contrast, the
majority of YFSWs (87.2%) reported that their first physical violence experience occurred after
starting sex work (a median of 1 year after) (Table 3.2). Experiencing police assault or arrest

during sex work first occurred a median of 1 year after starting sex work (Table 3.2).
3.4.2.3 Frequency of experiencing violence during sex work

Among YFSWs who reported sexual violence in their first or most recent month of sex work,
61.1% and 43.3%, respectively, reported that multiple men (2 or more) perpetrated sexual
violence against them during that month (Table 3.2). Of those who experienced physical violence
in the first or most recent month of sex work, the majority (75.0% and 81.1%, respectively)
reported that one sexual partner perpetrated physical violence against them during that month
(Table 3.2). Among YFSWs who reported police assault or arrest during the first or most recent
month of sex work, just over two-thirds (73.7% and 69.5%, respectively) reported one

occurrence of police assault or arrest during that month (Table 3.2).
3.4.2.4 Perpetrators of sexual and physical violence

The majority of YFSWs reported that their first experience of sexual violence or physical violence
was perpetrated by a client (41.4% and 74.6%, respectively) or intimate partner (31.9% and
18.9%, respectively) (Table 3.2). In the first and most recent month of sex work, clients remained

the main perpetrator of sexual and physical violence (see Table C2 in Appendix C).
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Table 3.2 Characteristics of YFSWs violence experiences

Sexual violence Physical violence Police assault or arrest
% or median (IQR) N % or median (IQR) N % or median (IQR) N
First lifetime experience

Age when it occurred, years 17.0 (15.0-19.5) 110 18.9 (16.9-20.7) 114 19.0 (17.0-21.0) 179
Occurred prior to entering sex work
Yes 46.3 108 12.8 109 NA NA
No. of years prior to entering sex work 1.6 (0.8-3.0) 50 1.0 (0.5-3.0) 14 NA NA
No 53.7 108 87.2 109 100.0 155
No. of years after entering sex work 0.5 (0.0-1.8) 58 1.0 (0.2-2.0) 95 1.0 (0.5-2.0) 155
Perpetrator
Regular client 18.1 116 36.9 122 NA NA
New client 233 116 37.7 122 NA NA
Regular transactional sex partner 5.2 116 4.1 122 NA NA
New transactional sex partner 6.0 116 1.6 122 NA NA
Intimate partner 319 116 18.9 122 NA NA
Other (e.g. stranger, friend, relative) 15.5 116 0.8 122 NA NA
Perpetrator was first sex partner 49.6 119 NA NA NA NA

First month of sex work
No. of men who perpetrated sexual violence against you!

One 38.9 18 NA NA NA NA

Two or more 61.1 18 NA NA NA NA
No. of sexual partners who perpetrated physical violence against you?

One NA NA 75.0 20 NA NA

Two or more NA NA 25.0 20 NA NA
No. of times you were assaulted or arrested by police3

Once NA NA NA NA 73.7 19

Two or more times NA NA NA NA 26.3 19

Most recent month of sex work
No. of men who perpetrated sexual violence against you!

One 56.7 30 NA NA NA NA

Two or more 43.3 30 NA NA NA NA
No. of sexual partners who perpetrated physical violence against you?

One NA NA 81.1 37 NA NA

Two or more NA NA 18.9 37 NA NA
No. of times you were assaulted or arrested by police3

Once NA NA NA NA 69.5 59

Two or more times NA NA NA NA 30.5 59

Abbreviations: YFSWs, young female sex workers; IQR, inter-quartile range.! Among those who reported sexual violence in that month; 2 Among those who reported physical violence in that
month; 3 Among those who reported police assault or arrest in that month
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3.4.3 Determinants of violence
3.4.3.1 Factors associated with lifetime violence

Tables C3-C5 in Appendix C show the bivariate relationships between individual, interpersonal
and structural factors and lifetime experience of sexual violence, physical violence and police
assault or arrest. Factors significantly associated with at least one type of violence at a p-
value<0.1 in bivariate analysis were age, marital status, having a regular sources of income,
frequency of alcohol use, binge-drinking, frequency of inebriation, age at entry and duration in
sex work, number of clients and transactional sex partners, being drunk or having a partner that
was drunk when had sex, being coerced or deceived into sex with your first 10 clients after self-
identifying as a sex worker, and lifetime experience of sexual violence, physical violence and

police assault or arrest.

Table 3.3 shows the multivariate results. After adjustment for other factors, lifetime sexual
violence was significantly associated with being coerced or deceived into having sex with the first
10 clients after self-identifying as a sex worker (AOR 2.4; 95%CI: 1.3-4.6) and experiencing
lifetime physical violence (AOR 7.3; 95%CI: 4.2-12.6). Lifetime physical violence was significantly
associated with drinking alcohol every day in the last month compared to drinking alcohol less
than once in the last month (AOR 2.6; 95%CI: 1.1-6.0), having a regular source of income (AOR
0.5; 95%CI: 0.3-0.9) and experiencing lifetime sexual violence (AOR 6.8; 95%CI: 3.7-12.4).
Lifetime police assault or arrest was significantly associated with working for three or more years
in sex work compared to less than three years (AOR 1.6; 95%CI: 1.0-2.4), being inebriated one to
three times or seven or more times compared to never being inebriated in the last month (AOR
2.8; 95%CI: 1.5-5.3, and AOR 3.9; 95%CI: 1.4-11.5, respectively), and having at least one

transactional sex partner compared to not having any in the last week (AOR 0.5; 95%CI: 0.3-0.8).
3.4.3.2 Re-victimization after experiencing violence in first month of sex work

Table 3.4 shows relationships between different types of violence in the first and most recent
month of sex work. Experience of sexual violence in the first month was associated with
experiencing both sexual and physical violence in the most recent month of sex work (OR 15.8;
95%CI: 5.5-45.9, and OR 3.8; 95%CI: 1.2-12.3, respectively). Similarly, experience of physical
violence in the first month was associated with both physical and sexual violence in the most
recent month of sex work (OR 13.0; 95%ClI: 4.8-35.0, and OR 5.2; 95%CI: 1.8-15.1, respectively).
YFSWs who reported police assault or arrest in the first month were more likely to report
experiencing police assault or arrest in the most recent month of sex work, compared to those
that did not report police assault or arrest in the first month (OR 7.5; 95%CI: 3.4-16.5), but were

not more likely to report sexual or physical violence.
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Table 3.3 Determinants of lifetime sexual violence, lifetime physical violence and lifetime police
assault or arrest: crude and adjusted odds ratio for factors assessed in multivariate analysis?!

Multivariate model Crude OR Adjusted OR p-value3
(95% CI) (95% CI)2

Lifetime sexual violence

Frequency of alcohol consumption, in last month **

Less than once a month 1.0 (ref) 1.0 (Ref)

1-3 times a month 1.9 (0.9-3.8) 1.4 (0.6-3.0) 0.440

1 to 3 times a week 1.5 (0.8-2.8) 1.1 (0.5-2.4) 0.794

Almost every day 2.3(0.9-5.4) 1.5 (0.6-3.8) 0.383

Every day 2.7 (1.4-5.5) 1.3 (0.6-3.1) 0.490
No. of times inebriated, in last month*

0 times 1.0 (ref) 1.0 (Ref)

1-3 times 1.1 (0.7-1.9) 0.6 (0.4-1.1) 0.093

4-6 times 1.9 (0.8-4.8) 1.2 (0.4-4.0) 0.745

7+ times 2.4 (1.1-5.0) 1.8 (0.8-4.0) 0.151
Has a regular source of income (yes vs no) ** 0.6 (0.4-1.0) 0.8 (0.4-1.6) 0.539
No. of clients in a typical week, in first month of sex work *

0-3 1.0 (Ref) 1.0 (Ref)

4+ 1.6 (1.0-2.8) 1.7 (0.9-3.1) 0.124
No. of transactional sex partners, in first month of sex work **

0-1 1.0 (Ref) 1.0 (Ref)

2+ 1.6 (1.0-2.5) 1.5 (0.9-2.5) 0.142
Coerced or deceived into having sex with first 10 clients after 2.0 (1.3-3.1) 2.4 (1.3-4.6) 0.006
self-identifying as a sex worker **
Lifetime physical violence (yes vs no) ** 7.5 (4.4-12.8) 7.3 (4.2-12.6) <0.001
Lifetime police assault or arrest (yes vs no) * 1.6 (1.0-2.5) 1.4 (0.8-2.3) 0.209

Lifetime physical violence
Frequency of alcohol consumption, in last month **

Less than once a month 1.0 (Ref) 1.0 (Ref)

1-3 times a month 2.2 (1.1-4.5) 1.4 (0.7-3.0) 0.355

1 to 3 times a week 2.5(1.4-4.4) 1.6 (0.8-3.2) 0.213

Almost every day 3.7 (1.6-8.2) 2.5 (0.9-6.5) 0.066

Every day 4.4 (2.1-9.3) 2.6 (1.1-6.0) 0.033
Binge-drank, in last month ** 1.8 (1.2-2.7) 0.9 (0.5-1.6) 0.772
Has a regular source of income (yes vs no) ** 0.5 (0.3-0.9) 0.5 (0.3-0.9) 0.020
No. of transactional sex partners, in first month of sex work *

0-1 1.0 (Ref) 1.0 (Ref)

2+ 1.6 (1.0-2.5) 1.2 (0.7-2.0) 0.527
Ever been inebriated when had sex, in last month (yes vs no) ** 2.2 (1.3-3.6) 1.4 (0.8-2.7) 0.259
Ever had sex with an inebriated partner, in last month (yes vs no) = 1.8 (1.1-3.0) 1.6 (0.8-2.9) 0.159
kk
Lifetime sexual violence (yes vs no) ** 7.5 (4.4-12.8) 6.8 (3.7-12.4) <0.001
Lifetime police assault or arrest (yes vs no) ** 2.0 (1.3-3.2) 1.4 (0.8-2.5) 0.226

Lifetime police assault or arrest
Current age, years **

14-20 1.0 (Ref) 1.0 (Ref)

21-24 1.7 (1.2-2.4) 1.5 (1.0-2.2) 0.059
Ever married (yes vs no) ** 2.6 (1.2-5.7) 1.1 (0.4-2.9) 0.818
Duration in sex work, years **

0-2 1.0 (Ref) 1.0 (Ref)

3+ 1.5 (1.1-2.2) 1.6 (1.0-2.4) 0.031
Frequency of alcohol consumption, in last month **

Less than once a month 1.0 (Ref) 1.0 (Ref)

1-3 times a month 1.7 (0.9-3.2) 1.1 (0.5-2.3) 0.840

1 to 3 times a week 2.4 (1.4-4.1) 1.8 (0.9-3.7) 0.082

Almost every day 2.7 (1.3-5.3) 1.9 (0.8-4.7) 0.162

Every day 2.7 (1.5-4.6) 1.7 (0.8-3.9) 0.165
Binge-drank, in last month ** 1.6 (1.0-2.6) 0.7 (0.4-1.4) 0.298
No. of times inebriated, in last month **

0 times 1.0 (Ref) 1.0 (Ref)

1-3 times 2.4 (1.5-3.9) 2.8 (1.5-5.3) 0.002
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4-6 times 1.5 (0.6-3.4) 1.4 (0.6-3.6) 0.467

7+ times 4.0 (2.0-8.2) 3.9 (1.4-11.5) 0.013
No. of clients in a typical week, in first month of sex work *

0-3 1.0 (Ref) 1.0 (Ref)

4+ 1.4 (1.0-2.1) 1.4 (0.9-2.2) 0.121
No. of transactional sex partners, in last week *

0 1.0 (Ref) 1.0 (Ref)

1+ 0.7 (0.5-1.1) 0.5 (0.3-0.8) 0.002
Ever had sex with an inebriated partner, in last month (yes vs no) 1.9 (1.3-2.9) 1.3 (0.8-2.1) 0.361
k%
Lifetime sexual violence (yes vs no) * 1.6 (1.0-2.5) 1.3 (0.8-2.2) 0.241
Lifetime physical violence (yes vs no) ** 2.0 (1.3-3.2) 1.6 (0.9-2.7) 0.096

Abbreviations: OR, odds ratio; CI, confidence interval

1 Table only includes explanatory variables entered into each multivariate model
2 OR adjusted for all other variables included in multivariate model

3 p-value for adjusted OR

* variable was significant at p<0.1 in bivariate analysis

** variable was significant at p<0.05 in bivariate analysis
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Table 3.4 Associations between experiences of violence in the first month of sex work and most recent month of sex work

Violence in most recent month of sex work

Sexual violence Physical violence Police assault or arrest
Yes Crude OR p-value | Yes Crude OR p-value = Yes Crude OR p-value
(%) (95% CI) (%) (95% CI) (%) (95% CI)
History of violence in first month of sex work
Sexual violence
No 4.8 1.0 (Ref) 7.0 1.0 (Ref) 14.4 1.0 (Ref)
Yes 444 158 (5.5-45.9) <0.001 222 3.8(1.2-12.3) 0.025 167 1.2 (0.3-4.6) 0.799
Physical violence
No 6.4 1.0 (Ref) 6.6 1.0 (Ref) 14.4 1.0 (Ref)
Yes 26.3 5.2 (1.8-15.1) 0.003 47.6  13.0 (4.8-35.0) <0.001 23.8 1.9 (0.6-5.4) 0.260
Police assault or arrest
No 7.4 1.0 (Ref) 8.6 1.0 (Ref) 11.8 1.0 (Ref)
Yes 11.8 1.7 (0.3-8.5) 0.530 15.8 2.0 (0.6-7.1) 0.283 50.0 7.5(3.4-16.5) <0.001

Note: Percentages refer to the proportion of YFSWs reporting violence in the most recent month of sex work (e.g. 44.4% of YFSWs who reported a history of sexual violence in the
first month of sex work experienced sexual violence in the most recent month of sex work compared to only 4.8% of YFSWs who did not report a history of sexual violence in the first
month of sex work).

Abbreviations: OR, odds ratio; YFSWs, young female sex workers

104



Chapter 3 Burden and determinants of violence

3.5 Discussion

3.5.1 Summary of key results

In this chapter [ examined the burden and determinants of violence against YFSWs in Mombasa,
Kenya. The findings from this analysis highlight that there is a heavy burden of violence against
YFSWs. By age 24, one in three YFSWs had experienced sexual or physical violence and one in
two had experienced police assault or arrest. Nearly two-thirds had experienced at least one type
of violence, and one in ten had experienced all three violence types. The high prevalence of
violence found is consistent with previous studies among older FSWs from Mombasa and
elsewhere in Kenya and add to the growing body of evidence documenting high rates of violence

experienced by sex workers in Kenya [7,11,15-19,21-32].

Over 10% of YFSWs reported experiencing at least one type of violence during their first month
of sex work, suggesting that the first month of sex work is already a vulnerable time in a young
sex workers career. On average two years later, in their most recent month of sex work, almost a
quarter of YFSWs (24%) experienced at least one type of violence. The increase in prevalence
across the two-time periods could be due to a number of factors such as taking on more clients or
becoming known to police the longer you remain a sex worker. In other studies, a longer time
spent in sex work was associated with higher rates of recent violence or negative police

interactions [41,42].

The age at which FSWs first experience violence has received little attention in the existing
literature. The YFSWsin this study first experienced sexual violence at an average age of 17 years,
which was about two years younger than the average age of first experiencing physical violence
or police assault or arrest. I also found that half of YFSWs who experienced sexual violence first
did so before starting sex work, whereas the majority (87%) of YFSWs who experienced physical
violence first did so after starting sex work. Taken together, these results highlight a high
vulnerability to sexual violence early on in life, even before entry into sex work, and suggest that

the period of time selling sex is a high risk time for experiencing physical violence.

Consistent with findings from other studies in Kenya and worldwide, heavier alcohol use was
associated with a higher prevalence of lifetime physical violence and lifetime police assault or
arrest [17,18,23,25,28,42-45]. Higher frequency of alcohol use and inebriation may directly lead
to violence, but given the cross-sectional nature of the data it also possible that YFSWs use alcohol
as a coping mechanism for the acts of violence they have experienced. This analysis also showed

that lifetime experience of sexual violence and physical violence were strongly correlated.
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Although it is difficult to assess the direction of this relationship in cross-sectional studies, the
younger age at which YFSWs first experienced sexual violence compared to physical violence may
potentially suggest that sexual violence occurs first and subsequently increases the risk of
experiencing physical violence. In other settings, police arrests, raids, and violence have been
associated with higher rates of physical and sexual violence against FSWs [46-49]. Although
police assault or arrest was significantly associated with a higher prevalence of lifetime physical
and sexual violence in bivariate analyses, these associations did not remain significant in

multivariate analysis.

[ also found factors that were associated with lower prevalence of violence. YFSWs who reported
having a regular source of income were less likely to report lifetime physical violence. Other
studies have also found that FSWs with higher income levels or in a better financial situation
report less violence [50-53]. YFSWs with more transactional partners were also less likely to
report lifetime police assault or arrest. It could be that young women with transactional sex

partners, have fewer clients, and so come into contact less with police [15,54,55].

Finally, I found that FSWs reporting a history of violence in the first month of sex work were more
likely to report violence in the most recent month of sex work, suggesting that experiences of
violence early on in sex work perpetuate a cycle of violence, increasing the likelihood of re-

victimization later on in sex work [56].

3.5.2 Implications

These results highlight the need to prevent and address violence against young women selling
sex in Kenya. Programmes with FSWs need to prioritise young sex workers, and enable them to
understand violence, understand their rights and inform them about violence prevention and
response services within and outside the programmes. Evidence of re-victimisation among the
YFSWs in this study suggests a need to prioritise identification and linkage of women with a
history of violence to violence prevention and response services and to develop and implement
interventions to prevent additional experiences of violence among these YFSWs. FSW
programmes should have good assessment and screening processes in place (e.g. during their
intake process) to ask YFSWs about their experiences of violence so that they can be linked to
violence prevention and response services if they report recent or non-recent experiences of
violence. The high prevalence of frequent alcohol use and inebriation among the YFSWs in this
study and the relationship between this heavy alcohol use and experiences of violence, also
suggests a need to prioritise linkage of YFSWs with heavy alcohol use to violence prevention and

response services.
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In a number of settings, community empowerment has been effective in reducing violence against
FSWs [1,33,57], so trying to engage young women who sell sex in community empowerment
activities could be effective at reducing violence in this vulnerable population of women. Given
the high lifetime prevalence of police arrest or assault experienced by the YFSWs in this study, it
will be important to foster new and improve existing partnerships with police to reduce police
violence [1,9,57]. Regular and ongoing advocacy meetings and sensitization workshops with
police to reform police attitudes towards YFSWs and educate them about violence and sex
workers rights may help to reduce police violence and arrests [1,9,55,57,58]. Half of YFSWs
reported working in entertainment venues, so sensitisation meetings with bar owners and
managers at entertainment venues which specifically addresses violence against younger FSWs
could be helpful in creating safer workspace for YFSWs with reduced client violence. In this study,
YFSWs with a regular source of income had a lower prevalence of violence, so implementing and
targeting economic strengthening or empowerment interventions (e.g. microfinance and
vocational training) to YFSWs that increase their regular income and reduce their dependency on

sex work may also help to reduce violence among young women selling sex in Kenya [59-63].

Existing literature documents the numerous negative health outcomes associated with
experiencing violence among FSWs, including increased risk for HIV and non-condom use [1,7].
So ensuring that YFSWs in Mombasa who have experienced violence are linked to comprehensive
HIV/STI, reproductive and mental health services is an important part of the violence response.
It is also important to conduct further studies to examine what impact these experiences of
violence have on YFSWs health, HIV outcomes, and health service uptake, and this will be the
focus of my next chapter (Chapter 4). Furthermore, given the high levels of violence found in this
study, HIV prevention programmes for FSWs, who often find it difficult to reach young women
selling sex, could utilise violence prevention and response services to reach young women selling
sex who have accessed violence services but not yet enrolled in any HIV prevention or other FSW

programmes.

It is also important to note that some of the young women self-identifying as FSWs in this study
were less than 18 years old. Often the policy and legal environment makes it very challenging for
those selling sex under the age of 18 years to access services and for FSW programmes to legally
provide services to young women selling sex, so strategies will need to be tailored to reach,
address and prevent violence in this vulnerable group of young women selling sex [35,38]. The
WHO recommends that countries should examine their current consent policies and consider

revising them to reduce age-related barriers to access and uptake of services, and that young
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people under the age of 18 who sell sex should be protected from criminal charges, law-

enforcement violence and compulsory “rehabilitation” and detention” [38].

3.5.3 Limitations and strengths

There are a few limitations to this analysis. First, data were self-reported in face-to-face
interviews, so violence could have been underreported due to sensitivity of the topic [64], while
assessment of earlier violence experiences (e.g. in first month of sex work) may have been subject
to recall bias. Second, the study only assessed experiences of physical assault or arrest by law
enforcement. Other types of violence and abuse by law enforcement, such as harassment and
extortion were not examined and merit future study among YFSWs in Kenya. Third, the survey
ascertained if more than one man or sexual partner perpetrated sexual or physical violence, but
did not detail whether multiple perpetrators reflect one incident (i.e. gang rape) or separate
incidents. Fourth, the survey did not differentiate lifetime sexual and physical violence outcomes
by type of perpetrator. Factors associated with sexual and physical violence could differ by
perpetrator type, so this should be explored in future studies [2]. Fifth, this survey did not
ascertain the location where violence occurred.  Future research should seek to identify where
violence occurs, as developing a supportive network where violence takes place could help to
reduce violence. Finally, the cross-sectional nature of the data precluded an assessment of

causality in these analyses.

Nevertheless this analysis also has many strengths. To the best of my knowledge this is the first
study in Kenya to provide estimates of the prevalence and determinants of violence among
YFSWs. Second, this study provides novel information on characteristics (e.g. age and frequency)
of YFSWs violence experiences in Kenya. Third, this study provides the first reported comparison
of the association between violence experienced during two different time-periods in sex work

(first and month recent month) in Kenya.

3.5.4 Conclusion

In conclusion, there is a high prevalence of sexual violence, physical violence and police assault
or arrest among YFSWs in Mombasa, Kenya. It will be crucial to reach and target violence
prevention efforts to YFSWs, in particular those with past experiences of violence and heavy

alcohol use, and to work with police to address police assault and arrest.
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4.1 Overview

In the previous chapter, I examined the burden and determinants of violence among young female
sex workers (YFSWs) in Mombasa, Kenya. In this chapter, I aim to examine whether there is a
relationship between experiences of violence and HIV prevention programme exposure,
inconsistent condom use, HIV/STI testing uptake and HIV infection among these YFSWs in
Mombasa, Kenya. I also aim to explore the pathways underlying the associations found between
violence and HIV infection. Dr Marissa Becker (University of Manitoba) and Dr Sharmistha
Mishra (University of Toronto) shared the Transitions study data which was analysed in this

chapter.
4.2 Background and rationale

As highlighted in Chapter 1, FSWs experience a heavy burden of violence from multiple
perpetrators and these experiences of violence have been identified as important structural
determinants of HIV risk among FSWs [1,2]. There are multiple direct and indirect pathways
through which violence is thought to increase risk of HIV acquisition and transmission (see
Section 1.5.2.2 in Chapter 1). For example, sexual violence can cause genital trauma which
directly increases risk of HIV acquisition and men who are violent are more likely to be HIV
positive [3]. Violence is also a barrier to FSWs access to and uptake of HIV prevention
programmes and services (e.g. HIV/STI testing) and uptake of HIV prevention interventions (e.g.
consistent condom use), which increases risk for HIV acquisition and transmission either directly

or indirectly [2-12].

In Kenya, FSWs are a key population disproportionately burdened by both violence (see Section
3.2 in Chapter 3) and HIV, with a HIV prevalence of 29.3% [13,14]. To date, in Kenya, only two
studies have examined associations between violence and condom use [15,16]; no studies have
examined the association of violence with HIV prevalence, or exposure to and uptake of HIV
prevention programmes, services and interventions. Furthermore, neither of these two studies
focused on YFSWs. YFSWs are particularly vulnerable to HIV infection, however there is scant
data globally on HIV, HIV risk factors and access to and uptake of HIV prevention services and

interventions among YFSWs [17-19].

In Chapter 3, I examined the burden and determinants of i) sexual violence, ii) physical violence
and iii) police assault or arrest, among YFSWs in Mombasa, Kenya. Following on from that
analysis, this chapter aims to investigate the associations between violence, access to HIV
prevention programmes, inconsistent condom use, HIV/STI testing, and HIV infection among the

YFSWs in Mombasa, Kenya. I also aim to explore whether access to HIV prevention programmes
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and uptake of HIV prevention interventions and services (i.e. inconsistent condom use and
HIV/STI testing) are mediating factors on the pathway between violence and HIV infection.
Figure 4.1 shows a conceptual framework outlining the hypothesised relationships that [ will be

investigating in this chapter. The specific objectives of this chapter are:

1) To describe access to HIV prevention programmes, levels of inconsistent condom use,

uptake of HIV/STI testing, and prevalence of HIV among YFSWs in Mombasa, Kenya

2) Establish whether violence against YFSWs is associated with reduced access to HIV
prevention programmes, increased inconsistent condom use and reduced HIV/STI testing

uptake, thereby potentially increasing risk of HIV infection

3) Determine whether violence is associated with a higher HIV prevalence among the
YFSWs, and ascertain if that relationship is mediated by HIV prevention programme

access, inconsistent condom use and HIV/STI testing

Exposure to HIV prevention programmes

e.g. ever contacted by peers or staff from HIV prevention
programme, registered with a HIV prevention programme, ever
seen a condom demonstration, everused a HIV prevention
programme clinic or drop-in centre

Inconsistent condom use
e.g. inconsistent condom use with clients, transactional sex
partners and intimate partners in the past week

Increased risk of
HIV acquisition
and transmission

Exposure to
violence

Fov
(7

HIVISTI testing uptake
e.g. HIV test in the last year and last 3 months, ever STI test
and last year STl test

Figure 4.1. The hypothesised relationships between violence, exposure to HIV prevention
programmes, inconsistent condom use (ICU), HIV/STI testing uptake, and HIV that I will investigate
in this chapter. Associations between potential mediating factors (i.e. outcomes relating to HIV prevention
programme exposure, [CU and HIV/STI testing) are not investigated in this chapter.

4.3 Methods

4.3.1 Study population

This chapter uses data from the YFSWs in the Transitions study (N=408). A full description of the
Transitions study, which is a cross-sectional study of young women aged 14-24 years in

Mombasa, Kenya, is provided in Chapter 3 (Section 3.3.1).
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4.3.2 Study variables
4.3.2.1 Violence

Four violence exposure variables are examined, including three dichotomous (yes/no) variables:
lifetime sexual violence (defined as ever being forced to have sex when not willing), lifetime
physical violence (defined as ever being physically hurt by a sex partner), and lifetime police
assault or arrest (defined as ever being physically assaulted or arrested by law enforcement
during sex work), and one categorical variable which is the number of different types of lifetime

violence ever experienced (0,1,2 or 3).
4.3.2.2 HIV prevention programme exposure, inconsistent condom use, and HIV/STI testing

Four dichotomous (yes/no) HIV prevention programme exposure outcomes are examined: ever
contacted by peers or staff from HIV prevention programmes, registered with a HIV prevention
programme, ever seen a condom demonstration, and ever used a HIV prevention programme clinic
or drop-in centre. Four dichotomous (yes/no) outcomes measuring inconsistent condom use
(defined as having any sexual intercourse without a condom in the past week) with different
types of sexual partners were examined: inconsistent condom use with regular clients , inconsistent
condom use with new clients, inconsistent condom use with transactional sex partners, and
inconsistent condom use with intimate partners. Definitions for each type of sexual partner were
presented in Chapter 3 (Section 3.3.2.2). Four dichotomous HIV and STI testing uptake outcomes
(ves/no) were examined: HIV tested in the past year, HIV tested in the past 3 months, ever STI

tested, and STI tested in the past year.
4.3.2.3 HIV status

The HIV infection outcome (HIV-positive or HIV-negative) was determined from dried blood spot
(DBS) sampling in the biological component of the Transitions study. A fingerprick for DBS
sampling was conducted and transferred to the ICRH-Kenya laboratory at the Coast Provincial
General Hospital in Mombasa. DBS samples were then transferred to the National HIV and
Retrovirology Laboratories in Winnipeg, Canada and were tested for HIV serology using the Avioq
HIV-1 Microelisa System. A rapid HIV test was also done in the Transitions study, and this was
supposed to be the primary test used to determine HIV status. However, the rapid HIV test was

found to have a low sensitivity in the field, so the available DBS data were used in this analysis.
4.3.2.4 Sociodemographic and sex work characteristics

Sociodemographic and sex work variables examined as potential confounders to be included in
multivariate analysis were age (14-20 years or 21-24 years), ever married (yes/no), age at entry

into sex work (<18 years or 19+ years), duration in sex work (0-2 years or 3+ years), having a
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regular source of income (yes/no), and main place to solicit clients in the most recent month of sex
work (entertainment venue, street/bus stop, or other). Categorisation of age, age at entry into

sex work, and duration in sex work was based on the median.
4.3.3 Data analysis

For objective 1, descriptive statistics were used to examine sociodemographic and sex work
characteristics, violence experiences, HIV prevention programme exposure, inconsistent condom

use, HIV/STI testing uptake and HIV infection among the YFSWs in the sample.

For objective 2, to examine the associations between the four violence exposure variables and the
twelve HIV prevention related outcomes described in Section 4.3.2.2 (i.e. related to HIV
prevention programme exposure, inconsistent condom use, and HIV/STI testing uptake),
bivariate and multivariate Poisson regression models with robust error variance were used to
estimate unadjusted and adjusted prevalence ratios (PRs) with 95% confidence intervals (95%
CIs). Multivariate models for each violence exposure variable and each HIV prevention related
outcome were adjusted for age (a priori), and were also adjusted for sociodemographic and sex
work variables associated with the violence exposure variable in bivariate analysis (chi-square

tests) at p<0.1.

For objective 3, the associations between the four violence exposure variables and HIV infection
were also examined using bivariate and multivariate Poisson regression models with robust error
variance. Unadjusted and adjusted prevalence ratios (PRs) with 95% confidence intervals (95%
Cls) are presented. Mediation analyses following the Baron and Kenny approach were also
conducted to ascertain if HIV prevention related outcomes were mediators on the pathway
between violence and HIV [20]. For this analysis, additional bivariate regression models were
first run to examine associations between the twelve HIV prevention related outcomes and HIV
infection. When, (1) a violence exposure was associated with both a HIV prevention related
outcome (assessed in objective 2) and HIV infection (assessed in objective 3), and (2) that HIV
prevention related outcome was also associated with HIV infection (assessed in objective 3), a
final multivariate regression model was run to examine the association between the violence
exposure and HIV infection, when adjusting for the HIV-prevention related outcome. For a full
mediating effect, the violence exposure must no longer be associated with HIV when the HIV-
prevention related outcome is adjusted for (while the HIV prevention related outcome should
remain associated with HIV). For a partial mediating effect, the association between the violence
exposure and HIV would be weakened (i.e. adjusted PR shifting closer to 1.0), but remain

significant.
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All analyses were conducted using STATA statistical software, version 12, taking into account the
Transitions study survey design and within cluster-homogeneity using svyset commands. A

complete case analysis was used for all analyses.
4.4 Results

4.4.1 Participant characteristics

Participant characteristics are described in Table 4.1. Sociodemographic and sex work
characteristics and experiences of violence were reported previously in Chapter 3 (Section 3.4).
In brief, the median age of YFSWs was 20 years, the median age at entry into sex work was 18
years, and the median number of years in sex work was 2 years. Almost half of YFSWs reported
ever having experienced police assault or arrest (45.3%), and the lifetime prevalence of sexual
violence and physical violence was 29.6% and 30.3%, respectively. Overall, 35% had not
experienced any type of violence, 36.5% had experienced one type of violence, 17.5% had
experienced 2 types of violence and 11.0% had experienced all three types of violence in their

lifetime.

Very few participants reported ever being contacted by peers or staff from a HIV prevention
programme (14.9%) and ever seeing a condom demonstration (11.9%). Similarly, less than ten
percent of YESWs were registered with a HIV prevention programme (9.2%) and had ever used

a clinic or drop-in centre run by a HIV prevention programme (9.0%).

Inconsistent condom use with regular and new clients was reported by 24.5% and 20.0% of
YFSWs, respectively. Similarly, a third of YFSWs reported inconsistent condom use with
transactional sex partners (29.3%). A much higher proportion of YFSWs reported inconsistent

condom use with intimate partners (71.5%).

The majority of YFSWs had ever been tested for HIV (92%), and a similarly high proportion had
been tested for HIV in the past year (84.5%). Almost 60% had tested for HIV in the last 3 months
(57.3%). A third reported ever having an STI test (34.9%), and a quarter had one in the past year
(26.4%).

34 YFSWs in the sample were HIV-positive (9.8%). Of those that were HIV-positive, 7 self-
reported a HIV positive status in the survey. Among these 7 YFSWs, 6 reported that they were

currently on ART, of whom 4 reported 100% adherence to ART in the last week.
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Table 4.1 Characteristics of YFSWs in Mombasa, Kenya

% n N
Sociodemographic and sex work characteristics
Current age, years
14-20 58.1 237 408
21-24 419 171 408
Highest level of education completed
None 30.2 123 407
Primary school 51.6 210 407
High school or higher 18.2 74 407
Ever married 6.6 27 408
Age at entry into sex work, years
<=18 59.5 229 385
19+ 40.5 156 385
Duration in sex work, years
0-2 64.4 248 385
3+ 35.6 137 385
Has a regular source of income 16.5 67 407
Main place/way met paying clients, in most recent month of sex work
Entertainment venue 59.1 238 403
Street/bus stop 16.6 67 403
Other (e.g. hotel, home) 24.3 98 403
Violence experiences
Lifetime sexual violence 29.6 119 402
Lifetime physical violence 30.3 123 406
Lifetime police assault or arrest 45.3 183 404
Lifetime number of types of violence experienced
None 35.0 140 400
1 type 36.5 146 400
2 types 17.5 70 400
3 types 11.0 44 400
HIV prevention programme exposure
Ever contacted by peers or staff from HIV prevention programmes 14.9 56 403
Registered with a HIV prevention programme 9.2 37 403
Ever seen a condom demonstration 11.9 48 402
Ever used a HIV prevention programme clinic or drop-in centre 9.0 36 402
Inconsistent condom use
Inconsistent condom use with regular clients, last week 24.5 61 249
Inconsistent condom use with new clients, last week 20.0 40 200
Inconsistent condom use with transactional sex partners, last week 29.3 39 116
Inconsistent condom use with intimate partners, last week 71.5 98 137
HIV and STI testing uptake
HIV test past 12 months 84.5 332 393
HIV test past 3 months 57.3 225 393
Ever STI tested 349 142 407
STI test past 12 months 26.4 105 398
HIV infection
HIV-positive 9.8 34 346
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4.4.2 Association between violence and HIV prevention related outcomes
4.4.2.1 HIV prevention programme exposure

There were no significant associations between any of the violence exposure variables and any of
the HIV prevention programme exposure outcomes in both bivariate and multivariate analysis

(Table 4.2).
4.4.2.2 Inconsistent condom use

Several of the violence exposures variables were associated with inconsistent condom use
outcomes (Table 4.3). Inconsistent condom use with new clients was more likely to be reported
by YFSWs who ever experienced sexual violence (adjusted PR: 1.9 [95%CI: 1.19-4.09]), and by
YFSWs who reported 1 or 2 types of violence compared to those who reported no violence
(adjusted PRs: 1.96 [95% CI: 1.03-4.76) and 2.93 [95% CI: 1.46-5.85], respectively). Inconsistent
condom use with intimate partners was more likely to be reported by YFSWs who ever
experienced physical violence (adjusted PR: 1.28 [95% CI: 1.09-1.49]), by YFSWs who ever
experienced police assault or arrest (adjusted PR: 1.27 [95% CI: 1.01-1.60]), and by YFSWs who
reported 3 types of violence compared to those who reported no violence (adjusted PR: 1.39
[95% CI: 1.01-1.90]). Inconsistent condom use with regular clients and inconsistent condom use
with transactional sex partners were not associated with any of the violence exposures in
bivariate or multivariate analysis, although in bivariate analysis there were borderline
associations between inconsistent condom use with regular clients and lifetime sexual violence,
and between inconsistent condom use with transactional sex partners and lifetime physical

violence and the number of types of violence experienced.
4.4.2.3 HIV and STI testing

A number of the violence exposures variables were also associated with HIV testing uptake, while
none were associated with STI testing uptake (Table 4.4). In multivariate analysis, HIV testing in
the past 3 months was less likely to be reported by YFSWs who reported experiencing one type
of violence and all three types of violence compared to those who reported no violence (adjusted
PRs: 0.79 [95% CI: 0.66-0.96) and 0.56 [95% CI: 0.37-0.85], respectively), and was also borderline
significantly associated with lifetime sexual violence, lifetime physical violence, and lifetime
police assault or arrest (adjusted PRs: 0.82 [95% CI: 0.66-1.01], 0.84 [95% CI: 0.68-1.03], and
0.84 [95% CI: 0.68-1.04], respectively). In multivariate analysis, HIV testing in the past 12
months was borderline significantly associated with three violence exposure variables: lifetime
sexual violence, lifetime police assault or arrest, and number of types of lifetime violence

experienced.
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Table 4.2 Associations between violence and HIV prevention programme exposure outcomes

OUTCOMES
Ever contacted by peers or staff from HIV prevention programme
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 15.8 1.00 (reference) 1.00 (reference)
Yes 10.1 0.64 (0.37-1.10) 0.107 0.63 (0.36-1.10) 0.107
Lifetime physical violence
No 14.7 1.00 (reference) 1.00 (reference)
Yes 12.2 0.83 (0.52-1.32) 0.433 0.82 (0.51-1.32) 0.409
Lifetime police assault or arrest
No 109 1.00 (reference) 1.00 (reference)
Yes 17.2 1.58 (0.93-2.69) 0.093 1.45 (0.87-2.43) 0.154
No. of types of violence experienced
0 11.5 1.00 (reference) 1.00 (reference)
1 17.5 1.52 (0.85-2.72) 0.158 1.57 (0.87-2.85) 0.133
2 12.9 1.12 (0.53-2.37) 0.772 0.92 (0.43-1.99) 0.841
3 11.4 0.99 (0.40-2.46) 0.978 0.98 (0.39-2.49) 0.970
Registered with a HIV prevention programme
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 10.0 1.00 (reference) 1.00 (reference)
Yes 7.6 0.75 (0.40-1.43) 0.383 0.74 (0.39-1.41) 0.358
Lifetime physical violence
No 10.0 1.00 (reference) 1.00 (reference)
Yes 7.3 0.73 (0.39-1.36) 0.321 0.70 (0.37-1.33) 0.274
Lifetime police assault or arrest
No 6.9 1.00 (reference) 1.00 (reference)
Yes 11.6 1.69 (0.88-4.27) 0.116 1.44 (0.76-2.74) 0.261
No. of types of violence experienced
0 7.3 1.00 (reference) 1.00 (reference)
1 11.1 1.53 (0.70-4.37) 0.286 1.49 (0.67-4.31) 0.332
2 10.0 1.38 (0.55-4.46) 0.490 1.04 (0.40-2.70) 0.938
3 6.8 0.94 (0.32-2.73) 0.910 0.87 (0.31-2.44) 0.794
Ever seen a condom demonstration
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 14.3 1.00 (reference) 1.00 (reference)
Yes 9.2 0.69 (0.39-1.23) 0.211 0.70 (0.39-1.24) 0.219
Lifetime physical violence
No 12.5 1.00 (reference) 1.00 (reference)
Yes 10.7 0.85 (0.51-1.41) 0.529 0.85(0.51-1.42) 0.528
Lifetime police assault or arrest
No 9.1 1.00 (reference) 1.00 (reference)
Yes 15.6 1.70 (0.97-2.99) 0.064 1.43 (0.82-2.48) 0.207
No. of types of violence experienced
0 8.7 1.00 (reference) 1.00 (reference)
1 16.7 1.92 (0.93-4.93) 0.076 1.83 (0.87-4.85) 0.109
2 11.6 1.33 (0.60-2.96) 0.478 1.08 (0.48-2.45) 0.844
3 9.1 1.05 (0.40-2.71) 0.927 1.04 (0.40-2.70) 0.940
Ever used a HIV prevention programme clinic or drop-in centre
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 9.4 1.00 (reference) 1.00 (reference)
Yes 8.4 0.90 (0.49-1.64) 0.727 0.91 (0.49-1.67) 0.749
Lifetime physical violence
No 9.7 1.00 (reference) 1.00 (reference)
Yes 7.3 0.75 (0.40-1.41) 0.376 0.75 (0.40-1.43) 0.382
Lifetime police assault or arrest
No 6.9 1.00 (reference) 1.00 (reference)
Yes 11.1 1.62 (0.76-4.44) 0.206 1.32 (0.64-2.72) 0.450
No. of types of violence experienced
0 6.5 1.00 (reference) 1.00 (reference)
1 11.9 1.82 (0.84-4.96) 0.129 1.79 (0.80-4.97) 0.154
2 7.1 1.10 (0.37-4.21) 0.868 0.76 (0.23-2.46) 0.645
3 9.1 1.39 (0.49-4.98) 0.534 1.35 (0.49-4.75) 0.563

Note: Multivariate regression models were adjusted for age and regular income when lifetime sexual violence and lifetime physical
violence were the exposure variables; for age, ever married and duration in sex work when lifetime physical assault or arrest was
the exposure variable; and for age and age at entry into sex work when number of types of violence experienced was the exposure
variable (see Section 4.3.3 for further details). PR, prevalence ratio; CI - confidence interval.
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Table 4.3 Associations between violence and inconsistent condom use outcomes

OUTCOMES
ICU with regular clients, last week
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 21.3 1.00 (reference) 1.00 (reference)
Yes 324 1.53 (0.99-2.36) 0.057 1.40 (0.89-2.22) 0.148
Lifetime physical violence
No 24.2 1.00 (reference) 1.00 (reference)
Yes 27.6 1.20 (0.70-2.03) 0.510 1.08 (0.62-1.87) 0.783
Lifetime police assault or arrest
No 24.6 1.00 (reference) 1.00 (reference)
Yes 24.6 1.00 (0.66-1.50) 0.994 0.97 (0.62-1.52) 0.898
No. of types of violence experienced
0 20.7 1.00 (reference) 1.00 (reference)
1 259 1.25 (0.77-2.03) 0.364 1.32 (0.80-2.16) 0.271
2 25.0 1.21 (0.69-2.12) 0.506 1.14 (0.65-2.01) 0.636
3 323 1.56 (0.80-4.05) 0.193 1.68 (0.87-4.23) 0.122
ICU with new clients, last week
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 15.2 1.00 (reference) 1.00 (reference)
Yes 31.2 2.05 (1.28-4.27) 0.003 1.92 (1.19-4.09) 0.008
Lifetime physical violence
No 18.0 1.00 (reference) 1.00 (reference)
Yes 24.6 1.37 (0.84-2.22) 0.204 1.31 (0.82-2.10) 0.258
Lifetime police assault or arrest
No 19.2 1.00 (reference) 1.00 (reference)
Yes 211 1.09 (0.65-1.86) 0.736 1.13 (0.69-1.84) 0.627
No. of types of violence experienced
0 119 1.00 (reference) 1.00 (reference)
1 20.5 1.73 (0.86-4.46) 0.124 1.96 (1.03-4.76) 0.042
2 324 2.73 (1.31-5.70) 0.008 2.93 (1.46-5.85) 0.003
3 22.7 1.92 (0.74-5.70) 0.180 1.96 (0.74-5.18) 0.176
ICU with transactional sex partners, last week
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 26.8 1.00 (reference) 1.00 (reference)
Yes 35.3 1.32 (0.72-2.39) 0.367 1.26 (0.67-2.36) 0.471
Lifetime physical violence
No 24.7 1.00 (reference) 1.00 (reference)
Yes 40.0 1.69 (0.96-2.98) 0.070 1.51 (0.82-2.77) 0.184
Lifetime police assault or arrest
No 28.6 1.00 (reference) 1.00 (reference)
Yes 30.4 1.07 (0.58-1.94) 0.836 1.16 (0.63-2.15) 0.628
No. of types of violence experienced
0 22.7 1.00 (reference) 1.00 (reference)
1 27.8 1.22 (0.62-2.41) 0.560 1.47 (0.71-4.04) 0.304
2 41.7 1.83 (0.92-4.66) 0.085 1.83 (0.94-4.57) 0.076
3 343 1.47 (0.50-4.32) 0.485 1.59 (0.55-4.59) 0.392
ICU with intimate partners, last week
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 70.7 1.00 (reference) 1.00 (reference)
Yes 72.1 1.02 (0.83-1.25) 0.845 1.03 (0.84-1.26) 0.791
Lifetime physical violence
No 66.7 1.00 (reference) 1.00 (reference)
Yes 85.7 1.29 (1.10-1.51) 0.002 1.28 (1.09-1.49) 0.003
Lifetime police assault or arrest
No 64.3 1.00 (reference) 1.00 (reference)
Yes 78.8 1.23 (0.98-1.54) 0.077 1.27 (1.01-1.60) 0.041
No. of types of violence experienced
0 62.2 1.00 (reference) 1.00 (reference)
1 70.6 1.13 (0.86-1.50) 0.374 1.13 (0.85-1.51) 0.397
2 80.0 1.29 (0.97-1.70) 0.078 1.30 (0.98-1.72) 0.067
3 84.6 1.36 (0.98-1.89) 0.065 1.39 (1.01-1.90) 0.041

Note: Multivariate regression models were adjusted for age and regular income when lifetime sexual violence and lifetime physical

violence were the exposure variables; for age, ever married and duration in sex work when lifetime physical assault or arrest was

the exposure variable; and for age and age at entry into sex work when number of types of violence experienced was the exposure

variable (see Section 4.3.3 for further details). PR, prevalence ratio; CI - confidence interval; ICU, inconsistent condom use.
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Table 4.4 Associations between violence and HIV/STI testing uptake outcomes

OUTCOMES
HIV test past 12 months
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 86.8 1.00 (reference) 1.00 (reference)
Yes 79.3 0.91 (0.82-1.02) 0.097 0.91 (0.82-1.01) 0.082
Lifetime physical violence
No 86.4 1.00 (reference) 1.00 (reference)
Yes 80.0 0.93 (0.84-1.02) 0.115 0.92 (0.83-1.01) 0.093
Lifetime police assault or arrest
No 84.5 1.00 (reference) 1.00 (reference)
Yes 84.8 1.00 (0.90-1.11) 0.957 0.98 (0.89-1.08) 0.701
No. of types of violence experienced
0 86.7 1.00 (reference) 1.00 (reference)
1 85.0 0.98 (0.89-1.09) 0.710 0.91 (0.82-1.01) 0.082
2 85.1 0.98 (0.87-1.11) 0.762 0.92 (0.83-1.01) 0.093
3 77.3 0.89 (0.75-1.06) 0.196 0.98 (0.89-1.08) 0.701
HIV test past 3 months
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 60.7 1.00 (reference) 1.00 (reference)
Yes 49.1 0.81 (0.66-1.00) 0.046 0.82 (0.66-1.01) 0.062
Lifetime physical violence
No 60.3 1.00 (reference) 1.00 (reference)
Yes 50.0 0.83 (0.68-1.01) 0.069 0.84 (0.68-1.03) 0.088
Lifetime police assault or arrest
No 61.5 1.00 (reference) 1.00 (reference)
Yes 52.0 0.85 (0.69-1.04) 0.112 0.84 (0.68-1.04) 0.103
No. of types of violence experienced
0 65.2 1.00 (reference) 1.00 (reference)
1 54.6 0.82 (0.68-0.99) 0.039 0.79 (0.66-0.96) 0.018
2 62.7 0.96 (0.78-1.19) 0.717 0.94 (0.76-1.17) 0.565
3 36.4 0.56 (0.37-0.84) 0.006 0.56 (0.37-0.85) 0.007
Ever STI tested
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 35.0 1.00 (reference) 1.00 (reference)
Yes 35.3 1.01 (0.75-1.35) 0.952 1.01 (0.76-1.35) 0.922
Lifetime physical violence
No 34.3 1.00 (reference) 1.00 (reference)
Yes 36.6 1.07 (0.80-1.42) 0.655 1.07 (0.81-1.40) 0.629
Lifetime police assault or arrest
No 32.6 1.00 (reference) 1.00 (reference)
Yes 37.7 1.16 (0.83-1.60) 0.379 1.16 (0.83-1.62) 0.376
No. of types of violence experienced
0 314 1.00 (reference) 1.00 (reference)
1 37.7 1.20 (0.85-1.69) 0.298 1.23 (0.85-1.78) 0.262
2 343 1.09 (0.72-1.65) 0.677 1.12 (0.72-1.72) 0.617
3 38.6 1.23 (0.74-2.04) 0.421 1.26 (0.74-2.17) 0.393
STI test past 12 months
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value
Lifetime sexual violence
No 26.4 1.00 (reference) 1.00 (reference)
Yes 26.7 1.01 (0.71-1.44) 0.937 1.01 (0.71-1.43) 0.968
Lifetime physical violence
No 26.1 1.00 (reference) 1.00 (reference)
Yes 27.3 1.05 (0.74-1.48) 0.799 1.02 (0.73-1.43) 0.893
Lifetime police assault or arrest
No 25.6 1.00 (reference) 1.00 (reference)
Yes 27.2 1.06 (0.76-1.49) 0.717 1.11 (0.76-1.61) 0.589
No. of types of violence experienced
0 25.7 1.00 (reference) 1.00 (reference)
1 27.1 1.05 (0.68-1.62) 0.816 1.06 (0.66-1.69) 0.806
2 224 0.87 (0.54-1.40) 0.567 0.90 (0.54-1.52) 0.696
3 31.8 1.24 (0.74-2.06) 0.415 1.27 (0.75-2.16) 0.377

Note: Multivariate regression models were adjusted for age and regular income when lifetime sexual violence and lifetime physical
violence were the exposure variables; for age, ever married and duration in sex work when lifetime physical assault or arrest was
the exposure variable; and for age and age at entry into sex work when number of types of violence experienced was the exposure

variable (see Section 4.3.3 for further details). PR, prevalence ratio; CI - confidence interval.
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4.4.3 Association between violence and HIV infection and mediating factors

YFSWs who reported ever experiencing physical violence, and who reported experiencing all
three types of violence compared to no types of violence, were more likely to be HIV positive
(adjusted PRs: 1.89 [95% CI: 1.15-4.10] and 2.65 [95% CI: 1.19-5.90], respectively) (Table 4.5).
There were no significant associations between sexual violence and HIV infection, and police

assault or arrest and HIV infection.

YFSWs who tested for HIV in the last year and who tested for HIV in the last 3 months were less
likely to be HIV positive (unadjusted PRs: 0.44 [95% CI: 0.22-0.88] and 0.40 [95% CI: 0.20-0.77])
(Table 4.6). None of the other HIV prevention related outcomes were significantly associated

with HIV infection.

HIV testing in the past 3 months was found to fully mediate the relationship between the number
of types of violence experienced and HIV infection. When HIV testing in the last 3 months was
included in this final multivariate model, there was no longer a significant association between
experiencing 3 types of violence and HIV infection (adjusted PR: 1.80 [95% CI: 0.80-4.08], p-
value=0.155), while the association between HIV testing in the last 3 months and HIV infection

remained significant (adjusted PR: 0.36 [95% CI: 0.18-0.74]).

Table 4.5 Associations between violence and HIV infection

HIV POSITIVE
% Crude PR (95% CI) p-value Adjusted PR (95% CI) p-value

Lifetime sexual violence

No 8.3 1.00 (reference) 1.00 (reference)

Yes 12.9 1.56 (0.89-2.72) 0.119 1.44 (0.81-2.56) 0.208
Lifetime physical violence

No 7.5 1.00 (reference) 1.00 (reference)

Yes 15.2 2.04 (1.27-4.27) 0.003 1.89 (1.15-4.10) 0.013
Lifetime police assault or arrest

No 7.6 1.00 (reference) 1.00 (reference)

Yes 12.2 1.61 (0.81-4.20) 0.176 1.61 (0.80-4.21) 0.178
No. of types of violence experienced

0 9.5 1.00 (reference) 1.00 (reference)

1 5.0 0.53 (0.19-1.49) 0.230 0.64 (0.24-1.71) 0.374

2 8.8 0.93 (0.39-2.19) 0.864 0.88 (0.33-2.32) 0.790

3 24.7 2.51 (1.11-5.64) 0.027 2.65 (1.19-5.90) 0.017

Note: Multivariate regression models were adjusted for age and regular income when lifetime sexual violence and lifetime physical
violence were the exposure variables; for age, ever married and duration in sex work when lifetime physical assault or arrest was
the exposure variable; and for age and age at entry into sex work when number of types of violence experienced was the exposure
variable (see Section 4.3.3 for further details). PR, prevalence ratio; CI - confidence interval.
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Table 4.6 Bivariate associations between potential mediators and HIV infection

HIV POSITIVE

POTENTIAL MEDIATORS % Crude PR (95% CI) p-value
HIV prevention programme exposure
Ever contacted by peers or staff from HIV prevention programmes

No 9.8 1.00 (reference)

Yes 10.6 1.09 (0.48-2.45) 0.835
Registered with a HIV prevention programme

No 10.2 1.00 (reference)

Yes 6.7 0.65 (0.18-2.32) 0.508
Ever seen a condom demonstration

No 9.9 1.00 (reference)

Yes 10.3 1.04 (0.41-2.63) 0.941
Ever used a HIV prevention programme clinic or drop-in centre

No 9.6 1.00 (reference)

Yes 14.3 1.39 (0.59-4.28) 0.449
Inconsistent condom use
Inconsistent condom use with regular clients, last week

No 11.0 1.00 (reference)

Yes 12.5 1.13 (0.53-2.42) 0.749
Inconsistent condom use with new clients, last week

No 7.8 1.00 (reference)

Yes 5.9 0.75 (0.18-4.11) 0.695
Inconsistent condom use with transactional sex partners, last week

No 4.7 1.00 (reference)

Yes 4.0 0.65 (0.07-5.86) 0.697
Inconsistent condom use with intimate partners, last week

No 1.00 (reference)

Yes 7.1 0.98 (0.28-4.42) 0.970
HIV and STI testing uptake 7.0
HIV test past 12 months

No 19.2 1.00 (reference)

Yes 8.4 0.44 (0.22-0.88) 0.020
HIV test past 3 months

No 15.6 1.00 (reference)

Yes 6.2 0.40 (0.20-0.77) 0.007
Ever STI tested

No 8.7 1.00 (reference)

Yes 12.0 1.37 (0.78-2.41) 0.274
STI test past 12 months

No 8.0 1.00 (reference)

Yes 12.1 1.50 (0.83-2.72) 0.175

PR, prevalence ratio; CI - confidence interval.
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4.5 Discussion

In this chapter, I examined associations between three types of violence (sexual violence, physical
violence and police assault/arrest) and HIV prevention programme exposure, inconsistent

condom use, HIV/STI testing uptake and HIV infection among YFSWs in Mombasa, Kenya.
4.5.1 Summary of key results

Figure 4.2 updates Figure 4.1 to summarise the general trends of associations that I found

evidence for in this chapter, which will be discussed in further detail below.

Exposure to HIV prevention programmes

e.g. ever contacted by peers or staff from HIV prevention
programme, registered with a HIV prevention programme, ever
seen a condom demonstration, ever used a HIV prevention
programme clinic or drop-in centre

Inconsistent condom use
e.g. inconsistent condom use with clients, transactional sex
partners and intimate partners in the past week

Increased risk of
HIV acquisition
and transmission

Exposure to
violence

Fov
98

HIVISTI testing uptake
e.g. HIV test in the last year and last 3 months, ever STI test
and last year ST test

) Relationship found
el Relationship not found

Figure 4.2. The relationships found between violence, exposure to HIV prevention programmes,
inconsistent condom use (ICU), HIV/STI testing uptake and HIV.

[ found that all three types of violence were associated with a higher prevalence of inconsistent
condom use. YFSWs who had ever experienced sexual violence, physical violence or police
assault or arrest were between 1.3 and 1.9 times more likely to inconsistently use condoms with
new clients or intimate partners compared to those that had not experienced violence. The
association between sexual and physical violence and inconsistent condom use with clients and
intimate partners is consistent with other studies that have found higher rates of sexual and
physical violence among FSWs to be associated with reduced condom use with these types of
sexual partners [2,4,6,12,16,21-30]. Interestingly, police assault or arrest was not associated
with inconsistent condom use with clients, but was associated with inconsistent condom use with
intimate partners. Previous studies have found associations between police violence and policing
strategies and condom use with clients, but none to date have reported an association between
police assault or arrest and inconsistent condom use with intimate partners [31]. This finding

suggests that experiences of police assault and/or arrest may be having a negative impact on
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FSWs intimate partnerships, and FSWs ability to use condoms in these partnerships. Further
research and qualitative studies are needed to better understand this relationship and how police
interactions with YFSWs effect intimate partner relationships and vice versa. 1 also found a
positive relationship between the number of different types of violence experienced and
inconsistent condom use with new clients and intimate partners. YFSWs who had experienced
two or three types of violence in their lifetime had the highest rates of inconsistent condom use
with new clients or intimate partners and were between 1.3 and 4.0 times more likely to
inconsistently use condoms with these types of sexual partners compared to those that reported
no experiences of violence. Similar trends have been found in other studies that have looked at
the association between the number of types of violence experienced by sex workers and
frequency of inconsistent condom use or condom breakage [27,29,32]. This results suggests that
there is an amplification of HIV risk among YFSWs exposed to multiple types of violence, and
highlights the need to concurrently address multiple types of violence to reduce HIV risk among

YFSWs.

In the analysis, I also found that violence was associated with reduced HIV testing uptake. YFSWs
who experienced all three types of violence were 40% less likely to have HIV tested in the past 3
months compared to those that had not experienced any violence. This association could be due
to violence having a negative impact on YFSWs psychological well-being and mental health, which
may reduce their motivation or ability to access health services including HIV testing [3,33-37].
Although there were no other significant associations between violence and HIV testing uptake
in multivariate analysis, there were a number of borderline associations between violence and
HIV testing in the past year, which all had the same direction of association indicating that FSWs
experiencing violence had lower uptake of HIV testing. Another study in China also found
violence to be associated with reduced uptake of HIV testing among FSWs [37]. These findings
would suggest that violence may be an important barrier to achieving the first of the UNAIDS 90-
90-90 targets (i.e. 90% of HIV positive people to know their HIV status by 2020), and given that
HIV testing is the main entry point to HIV treatment and care, this would also suggest that
violence could have a negative impact on scaling up ART among FSWs [38]. Reduced HIV testing
uptake due to violence could also result in reduced access to other primary HIV prevention
programmes and services for those who are HIV-negative, as HIV testing is an important gateway

to these types of programmes and services [38].

Similar to other studies, violence was found to be significantly associated with being HIV positive
[2,6,23,28,29,39-41]. The risk of HIV infection was 1.9 and 2.9 fold higher for YFSWs who had
ever experienced physical violence compared to those that had not and for YFSWs who had

experienced all three types of violence compared to those that had experienced none,
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respectively. Mediation analysis was conducted to explore the pathways linking violence and HIV
infection. Of the HIV programme exposure, inconsistent condom use and HIV/STI testing uptake
variables examined as potential mediators, only HIV testing in the last 12 months and HIV testing
in the last 3 months were associated with HIV infection. YFSWs that had tested for HIV in the past
year or 3 months were about 60% less likely to be HIV positive. Another recent study in a
Ugandan population of FSWs found a similar result, where FSWs who had never HIV tested were
more likely to be HIV positive [42]. Although HIV testing itself cannot directly reduce HIV
infection, YFSWs who engage in HIV testing may be more likely to engage in other health services,
be more aware of HIV and HIV prevention, and engage in safer sexual practices, which reduces
their risk of HIV infection. According to the findings, HIV testing uptake fully mediated the
association between the number of types of violence experienced and HIV infection. This finding
suggests that linking YFSWs who have experienced violence to HIV testing services could be an
important step towards increasing awareness of HIV prevention and reducing HIV risk. No other
pathways were assessed in mediation analysis due to lack of significant associations between
violence exposures, potential mediators and HIV infection. Reduced condom use is a likely
mediator between violence and HIV infection among FSWs [3]. However in this analysis,
inconsistent condom use, which was associated with violence, was not associated with HIV
infection. This could be due to a number of factors, including the small sample size when
considering condom use by partner type, the small number of HIV positive YFSWs in the sample,
the short time-period of the condom use measure (measured over the week preceding the
survey), and biases related to reporting of inconsistent condom use (e.g. social desirability bias).
Further study is needed to understand the pathways linking violence and HIV risk among YFSWs

in Mombasa.
4.5.2 Implications

Taken together, the associations between experience of violence, increased inconsistent condom
use, reduced uptake of HIV testing and HIV infection, highlight the importance of addressing and
preventing violence in the HIV response for YFSWs in Kenya. Interventions to reduce and prevent
violence against YFSWs could help to reduce HIV transmission. For example, a recent modelling
study suggested that elimination of sexual violence against FSWs in Kenya could avert 17% of HIV
infections among FSWs and their clients over the next 10 years through the immediate and
sustained effect on non-condom use [2]. In the next chapter, I will also examine the impact of
violence interventions on HIV transmission among FSWs and their clients in Mombasa, Kenya. As
discussed in the previous chapter, interventions to reduce violence against YFSWs could include

community empowerment, as well as sensitisation and education of the police force.
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For YFSWs who have experienced violence, it is essential that they are linked to both violence
prevention and response services, and to HIV/STI testing and prevention services. The findings
indicate that YFSWs who experience multiple different types of violence have a higher risk of
reduced condom use and HIV testing and are more likely to be HIV positive, which suggests that
there is also a need to ensure and prioritise linkage of particularly vulnerable YFSWs who

experience multiple types of violence to violence and HIV prevention and response services.

Although there were no associations between violence and HIV prevention programme exposure
in this analysis, the findings did highlight a particularly concerning gap in access to HIV
prevention programmes among the YFSWs in Mombasa, with very few YFSWs reporting having
ever been contacted by peers or staff from HIV prevention programmes, being registered with
HIV prevention programme, ever seeing a condom demonstration and ever using a HIV
prevention programme clinic or drop-in centre. Uptake of STI testing among the YFSWs in the
study was also very low. Further research is needed to understand the low access to HIV
prevention programme and low uptake of STI testing, so that strategies can be implemented to
reach and link YFSWs to HIV prevention programmes. Conversely, there was high uptake of HIV
testing among YFSWs, which is encouraging in light of the first 90-90-90 goal (i.e. 90% of HIV
positive people to know their HIV status by 2020) [43], although regular testing every 3 months,
which is the national guideline in Kenya, is lower than was reported among FSWs in a recent
national survey of key populations in Kenya [44]. Reduced uptake of regular HIV testing was also
associated with a higher HIV prevalence in this analysis, so it is important that HIV prevention
programmes expand and encourage regular HIV testing among YFSWs, although, given the cross-
sectional nature of the study, it could also be that YFSWs who are HIV positive are less likely to
be HIV tested. Ifthis is the case, this would be an important issue for HIV prevention programmes
trying to scale up HIV testing and linkage to treatment for HIV-infected FSWs, and would have
important implications for the success of TasP. Similar to other studies, inconsistent condom use
among the YFSWs was much higher with their intimate partners than with their clients
[4,15,25,44-50], so strategies to address the low condom use within the intimate partnerships of

YFSWs should be investigated.
4.5.3 Limitations and strengths

The findings from this analysis should be viewed within the context of several limitations. First,
as the study is cross-sectional it is not possible to ascertain the causality and directions of
associations between violence and condom use, violence and HIV testing uptake and violence and
HIV infection. Further research using longitudinal data is needed to better understand the
associations and pathways between violence and HIV infection among young sex workers in

Kenya. Second, the smaller sample size when considering inconsistent condom use by type of
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sexual partner limited the statistical power of these analyses and may be partially responsible for
a lack of significant findings concerning condom use and HIV infection and the borderline
associations between violence and some of the inconsistent condom use measures examined. As
previously discussed in Chapter 3, the data are all self-reported (with the exception of the
biological HIV outcome), so the results may be affected by social-desirability bias, and there may
have been underreporting of sensitive topics, such as violence, or over-reporting of other topics,
such as condom use. In addition, the survey did not differentiate experiences of physical and
sexual violence by type of perpetrator. Finally, the Transitions study focussed exclusively on
young women aged between 14 and 24 years, so the results may not be generalizable to older
FSWs. Despite these limitations, to the best of my knowledge this is one of the first studies to
examine the associations between violence, HIV prevention, and HIV infection among FSWs in
Kenya, and is the first in Kenya to exclusively focus on YFSWs, and to assess the potential

pathways between violence and HIV infection.
4.5.4 Conclusions

In conclusion, the findings from this analysis provide evidence to suggest that different types of
violence are associated with increased risk of inconsistent condom use, reduced uptake of HIV
testing and being HIV positive among YFSWs in Mombasa, Kenya. This suggests that violence may
be undermining existing HIV prevention efforts in Kenya. To protect the human rights and health
of YFSWs in Kenya it will be crucial to address and prevent violence, and preventing violence
against YFSWs could help to reduce HIV transmission. HIV prevention programmes should

incorporate strategies and interventions that specifically target violence against YFSWs.
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Chapter 5: Modelling the potential impact of violence
against FSWs and violence prevention on HIV transmission

among FSWs and their clients in Mombasa, Kenya
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5.1 Overview

In the previous two chapters I analysed data to examine the burden and determinants of violence
among YFSWs in Mombasa, Kenya, and determine if these experiences of violence were
associated with HIV prevention programme exposure, inconsistent condom use, HIV/STI testing
uptake and HIV infection. In this chapter, I utilise the findings from these prior data analyses, to
develop, parameterise and calibrate a dynamic model of violence against FSWs and HIV
transmission among FSWs and their clients in Mombasa, Kenya. I then use this model to explore
the potential contribution of violence against FSWs to HIV transmission and the potential impact
of violence prevention on HIV transmission among FSWs and their clients. Dr Marissa Becker
(University of Manitoba) and Dr Sharmistha Mishra (University of Toronto) shared the

Transitions study data which was utilised in this chapter.
5.2 Background and rationale

Although violence is recognised as an important structural risk factor for HIV among FSWs, there
have been limited studies assessing the contribution of violence to HIV transmission at a
population-level or evaluating the potential impact of violence prevention on HIV transmission
at a population-level. In Kenya, FSWs have both a high HIV prevalence and a heavy burden of
violence [1], so understanding the contribution of violence against FSWs to HIV transmission and
the potential impact of violence prevention on reducing HIV transmission, will be critical to help

guide HIV prevention efforts for FSWs in Kenya.

As previously described in Chapter 1, one recent modelling study examined the population-level
impact of structural changes, including violence prevention, on HIV transmission among FSWs
and their clients in three different setting with diverse HIV epidemics [2]. One of the settings
modelled was Mombasa, Kenya, and the study found that eliminating client sexual violence and
its negative effects on condom use could substantially avert HIV infections among FSWs and their
clients. However, this first modelling study was limited by a lack of data specific to Mombasa on
the impact of violence against FSWs on HIV risk factors, such as condom use, and as such data
from the other settings was used to form model assumptions in this first exercise. In addition,
this study only considered sexual violence against FSWs in Mombasa. This chapter extends this
work by using data specific to Mombasa, and by also exploring the potential role of physical
violence and police assault or arrest, which are also highly prevalent among FSWs in Mombasa,

Kenya [3-7].

In Chapter 3, I found a heavy burden of violence among YFSWs in Mombasa, Kenya, with 29.6%,

30.3% and 45.5% reporting that they had ever experienced sexual violence, physical violence and

135



Chapter 5 Kenya model

police assault or arrest, respectively. In Chapter 4, I found that these experiences of violence were
associated with increased inconsistent condom use with different types of sexual partners,
reduced uptake of HIV testing, and being HIV positive among the YFSWs. In this chapter, I utilise
the data and findings from these prior two analyses, to develop, parameterise and calibrate a
dynamic model of violence against FSWs and HIV transmission among FSWs and their clients in
Mombasa, Kenya. My objectives are: (1) to use this model to estimate the contribution of sexual
violence, physical violence, and police assault or arrest to HIV transmission among FSWs and
their clients in Mombasa, Kenya; and (2) to estimate the potential impact of different violence
prevention strategies on HIV transmission among FSWs and their clients. In doing so, I aim to
assess the importance of incorporating structural interventions addressing violence against

FSWs into HIV prevention activities for FSWs in Mombasa, Kenya.
5.3 Methods

5.3.1 Model description

[ developed a dynamic, deterministic, compartmental model of violence against FSWs and sexual
HIV transmission among FSWs and their clients in Mombasa, Kenya. The model is defined by a
set of coupled ordinary differential equations (ODEs) (see Text D1 in Appendix D), which were
programmed in Matlab and solved numerically using the ode45 solver. Flowcharts representing
the structure of the violence and HIV components of the model are shown in Figures 5.1 and 5.2,
respectively, and Table 5.1 shows the model parameters. The model structure and its
parameterisation were informed by the analyses of Transitions data for YFSWs in Mombasa,
Kenya, presented in Chapters 3 and 4, and other data on FSWs and their clients in Mombasa and

other Kenyan settings, identified from a review of the literature.
5.3.1.1 Model structure

The violence component of the model for FSWs in Mombasa (Figure 5.1), was adapted from the
model structure presented in Chapter 2. Based on the available Transitions study data, three
types of violence against FSWs were considered: sexual violence, physical violence, and police
assault or arrest (see Chapter 3, Section 3.3.2.1 for further details on the definition of each type
of violence). Each model compartment represents a different state of sexual violence, physical
violence, and police assault or arrest, and the arrows represent the flow of FSWs between them
(Figure 5.1). Based on Transitions survey instruments, each type of violence has three possible
states: never experienced violence, recently experienced violence (within the last 6 months), and
previously but not recently experienced violence (Figure 5.1). In the HIV component of the model
for FSWs and their clients in Mombasa, 5 different stages of HIV infection are represented:

susceptible to HIV, initial acute HIV infection, chronic HIV infection with CD4>350, chronic HIV
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infection with CD4 200-350, and chronic HIV infection with CD4 <200 cells/mm3 (Figure 5.2).
Three different HIV treatment states are also represented for those with chronic HIV infection:
never been on ART, currently on ART, and stopped ART (Figure 5.2). The FSW population in the
model was further stratified into two age groups: 14-24 years and 2 25 years (the terms ‘young
FSWs’ and ‘older FSWs’ will be used to refer to each age group, respectively) (Figure 5.3). This
age-group stratification was incorporated into the model structure because the primary source
of data, the Transitions study, focused on YFSWs (aged 14-24 years), and to reflect differences in
sexual behaviours, ART uptake, and experience of violence between young and older FSWs. There
was a dearth of data on clients in Kenya (e.g. number of regular and new clients), so only one

group of clients was represented.

The model represents an open but stable population. FSWs enter the modelled population
through initiation of sex work, and exit the model through cessation of sex work, or due to HIV-
related death. Clients enter the model when they start paying FSWs for sex, and exit the model
through cessation of paying FSWs for sex, or due to HIV-related death. The total sizes of the FSW
and client population sizes are assumed to be constant over time. To achieve this, the rate of
entry into the model for each risk group (FSWs and clients) was adjusted to balance the rate of
leaving the model (due to cessation of sex work/paying for sex and HIV-related death). The rates
at which FSWs leave sex work vary by age, and the HIV-related death rate among FSWs and clients
varies by HIV disease stage and ART status. New FSWs were assumed to enter the model as
young, HIV-susceptible FSWs, with no prior experience of violence, and new clients were assumed

to enter the model as HIV susceptible.

HIV-susceptible FSWs and clients can get infected at a force of infection, which depends on
number of sexual partners and their associated HIV prevalence, number of sex acts in a FSW-
client partnership and fraction of sex acts protected by condoms, and infectiousness (i.e. the
probability of transmission per sex act from an infected contact, which varies by gender [8], HIV
stage [8-10], ART status [11] and condom use [12-14]). Sexual mixing between FSWs and clients
is assumed to be proportionate. Based on analyses presented in Chapter 4, violence is assumed
to influence the force of HIV infection, through its impact on inconsistent condom use and HIV
testing uptake among FSWs (see Table 5.1 and Section 5.3.1.2 for further details). Following a
short period of acute HIV infection, HIV-infected individuals’ progress through three different
CD4 stages, with varying infectivity. HIV-infected individuals in the acute HIV infection stage and
CD4<200 stage are most infectious [8-10]. HIV-infected individuals can initiate ART at a rate
which varies with time, risk and age group, and takes into account changes in ART guidelines (see
Section 5.3.1.2 for further details). FSWs and clients on ART are substantially less infectious than
those not on ART [11], and are assumed to no longer progress through the HIV CD4 stages, and
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to have lower rates of HIV-related mortality [15,16]. It is assumed that there is no treatment
initiation for individuals in acute HIV stage. FSWs and clients receiving ART can stop ART at a
rate which reflects the proportion of FSWs and clients each year who discontinue treatment or
are lost to follow-up and assumed to have discontinued treatment [17,18]. Individuals who have
stopped ART are assumed to be as infectious as those who have never started ART, and to
progress through the HIV disease stages at the same rate as those who have never started ART.
These individuals can re-initiate ART at a fixed rate, which is equal across all CD4 stages (Table

5.1).

To stabilise the relative size of the FSW age groups and to reach equilibrium prevalence of
violence before introducing HIV, the model was run for 100 years before the start of the HIV
epidemic. To check that equilibrium prevalence of violence was reached I did a visual inspection
of violence trends in preliminary model simulations to check that equilibrium prevalence of
violence was reached after 100 years. The HIV epidemic was seeded by assuming that a small
proportion (0.5-2%) of clients and FSWs in each age group were HIV infected with CD4>350 at
the start of the HIV epidemic. The start of the HIV epidemic corresponds to 1970 as was specified

in the Shannon et al modelling study [2].
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Figure 5.1 Structure of the violence model component. FSWs can progress through three different

states of violence experience (none, recent or non-recent) for three different types of violence: police
assault or arrest (PAA), orange arrows; physical violence (PV), purple arrows; and sexual violence (SV),

green arrows. FSWs enter the model with no experience of any violence. Note that ceasing being a FSW,
which can occur in each state, is not shown on this diagram for simplicity. FSW, female sex worker.
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Figure 5.2 Structure of the HIV model component. Susceptible individuals (S) can become infected (I)
and progress through different HIV stages (acute, CD4>350, CD4 200-350 and CD4<200). Infected
individuals in each CD4 stage may be initiated onto ART, and those on ART may stop and re-initiate
treatment. Dashed arrows represent mortality due to HIV which varies by HIV disease stage. All FSWs and
clients enter the model as HIV susceptible.
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Figure 5.3 FSWs age-structure. FSWs enter the model aged 14-24 years and over time age into the older
FSW group (= 25 years). Dashed arrows represent the cessation of sex work among each age group.
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5.3.1.2 Model parameterisation and data

The following sections give further details on the parameters and data used in the model.
Specifically I describe the population sizes and FSW/client transitions, violence, condom use, and

HIV treatment.
5.3.1.2.1 Population sizes and FSW/client transitions

Based on mapping estimates for the size of the FSW population in Mombasa, Kenyain 2011-2012,
the prior range for the total number of FSWs in the model was assumed to be 6920 to 11700 [19],
and within a given run is taken to be constant over time. The number of clients in the model,
which remains constant over time, was derived indirectly to balance the number of FSW-client
partnerships in the model at the start of the simulation [20], by dividing the total number of
partnerships on offer by all FSWs in a year by the number of FSWs visited by clients in a year.
The simulated client population size in 2015 was compared against available data to ensure there

was a reasonable client population size in the model (see Sections 5.3.2 and 5.4.1).

The rate of transition between FSW age groups depends on the time between starting sex work,
estimated from the Transitions study (mean 17.6 years), and becoming 25 years old,
corresponding to no longer being in the young age group (Table 5.1). Although the total FSW
population is constant in the model, the relative size of each age group can vary over time in the
presence of HIV, due to HIV-related death which results in FSWs leaving the model and being
replaced by new young FSWs entering the model. To ensure that the model was simulating a
reasonable FSW age-structure following the introduction of HIV, the relative size of each FSW age
group in the model in 2015 was compared against recent unpublished FSW mapping estimates
for the Transitions project, which suggest that approximately 50% of the FSW population in
Mombasa are 14-24 years of age (see Sections 5.3.2 and 5.4.1). The number of FSWs visited by
clients in a year was also adjusted over time to ensure that the number of FSW-client partnerships

balanced over time.

The rate at which young and older FSWs leave sex work is based on the duration of time that
FSWs sell sex, estimated from Transitions data and from existing surveys of FSWs in Mombasa,
respectively, and adjusted for the fact that duration in sex work reported by FSWs still active is
right-censored and therefore likely underestimates the average duration in sex work (Table 5.1).
The years in sex work reported by active FSWs would on average be half the actual lifetime
duration in sex work, so the data on duration selling sex was adjusted by a 2-fold factor. In the
Transitions study, young FSWs leave the cohort either when they leave sex work or when they
age out of the cohort. Therefore, for young FSWs the rate of leaving sex work was taken to be the

estimated rate of leaving the Transitions cohort minus the rate of aging. As there was no specific
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data for this parameter among clients in Mombasa, a study of clients in Kenya’s Nyanza province

was used to estimate the average duration spent paying for sex (Table 5.1).
5.3.1.2.2 Violence

To generate prior ranges for the rates of first-time and repeat sexual violence, physical violence,
and police assault or arrest (Table 5.1), the same approach taken in Chapter 2 was used, whereby
[ calculated the equilibrium for each type of violence, and compared this to the prevalence of
violence in Transitions to estimate each rate of violence, assuming no interaction with other types
of violence. Rates were calculated for young FSWs, but the same rates were assumed for older

FSWs.
5.3.1.2.3 Condom use

Here, I describe the parameters governing condom use in the model. First, [ describe how
consistent condom use (CCU) varies over time in the absence of sexual violence. Then I describe
how these trends in CCU are used to estimate trends in inconsistent condom use (ICU), and how
ICU is influenced by violence. Finally, [ describe how the trends in ICU are used to estimate the

fraction of sex acts protected by condom, which influences the force of infection.

Trends in consistent condom use (CCU) with clients in the absence of sexual violence are assumed
to follow a piecewise linear trend over time, which differs between young and older FSWs. Given
the lack of historical data on condom use in Mombasa [2], consistent condom use in each age
group is assumed to be zero early in the epidemic, and then increase linearly until a time when it
reaches and remains at a constant level consistent with available data. Thus, consistent condom

use in the absence of sexual violence varies over time as follows for young and older FSWs:

0, when t < tocond

CCUyoungFSW(t) ={ (t — tocona)/ (ticona — tocona ) * (1 — ICUyoungFSW)' when tocond <t < ticona
1 - ICUyoungFSW: When t 2 thOTLd
0, when t < tycon

CCUolderFSW(t) = (t - tOcond)/ (tlcond — tocond ) * (1 - ICUolderFSW)' when toconda =t < ticona
1-1CUogerrsw» whent = ticong

where tocong, the time at which FSWs start using condoms, is assumed to be 1990, and ticong, the
time at which condom use is assumed to plateau and remain constant, is assumed to be 2006
(these assumptions are the same as those used in the Shannon et al modelling study [2]).
ICUyoungrsw is the prevalence of inconsistent condom use among young FSWs from 2006 onwards,
which is estimated from Transitions data, and ICU,errsw is the prevalence of inconsistent condom

use among older FSWs from 2006 onwards, which is estimated from recent studies of FSWs in
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Mombasa (Table 5.1). Thus, the levels of consistent condom use reached when condom use is
assumed to plateau and remain constant are 70-92% among young FSWs, and 55-86% among

older FSWs (Table 5.1).

These levels of consistent condom use over time for young and older FSWs are then used to
estimate the levels of inconsistent condom use (ICU) at time t for young and older FSWs, as

follows:

ICUyoungFSW (t)

3 { (1- CCUyoungrsw(t) ), if never experienced sexual violence

(1- CCUyoungrsw(t) ) x RR conagy» if ever experienced sexual violence

ICUolderFSW(t)

3 { (1 = CCUygerrsw(®)), if never experienced sexual violence
N (1= CCUsgerrsw(t) ) X RReonagys if ever experienced sexual violence

where RRcond svis the relative increase in inconsistent condom use among FSWs that have ever
experienced sexual violence. The prior range for RRcnq sy Was based on the results for young
FSWs in Mombasa presented in Chapter 4. Given the lack of studies examining the association
between violence and condom use among older FSWs in Mombasa (or elsewhere in Kenya), it was
assumed that older FSWs who experienced sexual violence would have the same increased risk

of ICU as young FSWs.

Overall, the fraction of sex acts protected by condoms among young and older FSWs was then

calculated as:
frac)clgﬁ%g (t) = ( ICUyoungFSW(t) X fraCICU) + ( (1 - ICUyoungFSW(t) ) X fraCCCU )

fracgf’élg, () = (ICU ygerpsw(@®) x frac’”) + (1 = ICU ygerpsw(@®) ) x frac®’)

where frac!cU is the fraction of sex acts that are protected when condoms are used inconsistently,
and fractcV is the fraction of sex acts that are protected when condoms are used consistently (see
Table 5.1). The overall fraction of sex acts protected by condoms among young and older FSWs
will thus differ among FSWs who have ever or never experienced sexual violence, as FSWs who
have experienced sexual violence have higher levels of inconsistent condom use than FSWs who

have never experienced sexual violence.
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5.3.1.2.4 Treatment initiation

Roll-out of ART in Kenya started in 2003, with a scaled-up effort launched in 2004 [21]. At the
start of the ART programme in 2003, the eligibility criteria for initiating ART was CD4 <200
cells/mms3. Since then, the eligibility criteria changed to CD4<250 in 2007, CD4<350 in 2010,
CD4<500in 2014 and any CD4 countin 2016 [21-24]. These trends in ART eligibility criteria are
reflected in the model, by switching on or off the annual rate of initiating ART in each CD4
category of the model in line with the ART eligibility criteria at time t. Since the model structure
(CD4<200,CD4 200-350, and CD4>350) did not correspond exactly to the ART eligibility criterion
CD4 <250 and CD4 <500, the annual rate of initiating ART among FSWs and clients between 2007
and 2010 in the CD4 stage 200-350 was reduced by 2/3 since approximately only 1/3 of
individuals in that category would be eligible for treatment in that time-period, and the annual
rate of ART uptake among FSWs and clients between 2010 and 2014 in the CD4 stage >350 was
reduced by 1/2 to reflect that approximately 50% of individuals in that category would be eligible

for treatment in that time-period [15].

The annual rate of initiating ART was parameterised separately for young FSWs, older FSWs and
clients, as available data suggested different ART coverage (% of HIV positive on ART) across the
three groups (see Tables D1 and D3 in Appendix D).

ART initiation in FSWs

The annual rate of initiating ART among FSWs depends on the annual fraction of FSWs HIV
testing, which is influenced by violence, and the fraction of those HIV tested and diagnosed that

initiate ART if eligible. It is assumed that people test independently of HIV status.

To reflect changes in the uptake of HIV testing over time in Kenya [25,26], HIV testing for all FSWs
(in the absence of violence) (fracTestbase) was assumed to follow a piece-wise linear trend from
the start of the ART programme in 2003. Given the lack of historical data on HIV testing among
FSWs in Mombasa, and the evidence to suggest from Transitions and a recent study that HIV
testing rates are similar among young and older FSWs from Mombasa (approximately 80-92%
tested in the past year) (Table 5.1), the trend in HIV testing was assumed to be the same in young
and older FSWs. The annual fraction of FSWs HIV testing was assumed to be 6% at the start of
the ART programme roll-out in 2003 (fracTestz03), in line with available data for women in the
general population in Mombasa, Kenya [25], and then increase linearly from 2003 to reach 37-
47% in 2008 (fracTestzo0s), based on levels of HIV testing among women in Mombasa, Kenya and
FSWs in Kisumu, Kenya [26,27]. From 2008, the annual fraction of FSWs HIV testing is then
assumed to increase linearly to reach the recent HIV testing levels of FSWs in Mombasa in 2013

(fracTestz013), where it then remains constant at this level (Table 5.1).
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The annual fraction of FSWs HIV testing at time t was also influenced by FSWs experiences of
violence. Sexual violence, physical violence and police assault or arrest were assumed to reduce
uptake of HIV testing by factors RRies: sv, RRtest pv, and RRiest pas, respectively, based on the analyses
on young FSWs presented in Chapter 4 (see Table 5.1). These factors were assumed to be the
same among young and older FSWs, due to the lack of studies among older FSWs examining the
association between violence and HIV testing in Mombasa (or elsewhere in Kenya). For FSWs
experiencing multiple types of violence it was assumed that the relative reduction in uptake of
HIV testing was a product of the risk associated with each type of violence experienced (e.g.
RRiest sv X RRiest v X RRiest paa for those who have experienced all three types of violence). This
assumption was based on results from Chapter 4, which suggested a multiplicative effect of
experiencing multiple types of violence on HIV testing uptake. Thus, the overall uptake of HIV
testing (fracTestcov) at time t when taking into account FSWs experiences of violence was defined

as:
fracTest? (t) = fracTest?®® (t) x RRyest totar

where RRiest oral is the relative reduction in uptake of HIV testing due to FSWs experiences of
violence, which is either one or a product of the factors RRes: sv, RRtest pv, and RRies: pas depending

on a FSWs experience of violence.

The annual rate of ART uptake (t) among young and older FSWs at time t, respectively, was then

calculated as:
Tyoung (t) = fracTest®? (t) x fraclnitiate,oyng
Torger (t) = fracTest®’ (t) x fraclnitiate,ger,

where, fraclnitiatey,ung and fraclnitiateoer, are the fraction of young and older FSWs who are
diagnosed after HIV testing that initiate treatment if they are eligible. Estimates of
fraclnitiateyoung and fraclnitiate,qer were based on available data on the fraction of FSWs tested for
HIV in the past year and the fraction of HIV positive FSWs who are currently on ART from
Transitions study and a recent study of older FSWs, and also on available data from the general
population in Mombasa on the fraction of ART-eligible women who initiate ART, and had wide

prior ranges to reflect the uncertainty in this parameter (Table 5.1).
ART initiation in clients

In the absence of data for clients specifically, I simplified the annual rate of initiating ART into one
component representing the fraction of ART-eligible clients who initiate treatment. Based on

national-level male Kenya data, this parameter was assumed to follow a piece-wise linear trend
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over time, to reflect that the fraction of ART-eligible males in Kenya initiating ART was low at the
start of the ART programme (about 3%), and then increased and remained relatively stable at

approximately 55-65% from 2006 onwards [28].
5.3.1.2.5 Treatment discontinuation

Based on cohort data for FSWs in Mombasa on treatment discontinuation and loss to follow-up
from ART, an annual ART drop-out rate of 9-24% was assumed for FSWs who had initiated ART
[17]. Due to alack of data on clients, 9-16% of clients were assumed to stop ART annually, based
on data from the general population reported in the NASCOP 2010 Annual Health sector HIV
report [18].

Table 5.1 Model parameters

Parameter Symbol Fixed value or References/Notes
prior range

Demographic parameters

FSW population size in Mombasa Nrsw 6920-11700 Odek et al 2014 [19]
in 2015
Client population size in 2015 Neient Number of clients is Client population size is compared
derived by multiplier against Kenya data (see Section 5.3.1.2
method to balance for further details)
number of FSW/client
partnerships
Individual FSW and dyad
parameters
Age at entry into sex work, years AgeEnter 17.6 From Transitions data analysis
Rate of entry into older age group | Rate_AgeTransition | 1/7.4 years Based on the mean duration between
(2 25 years) for FSWs entering sex work and becoming 25
years old (25 years-17.6 years = 7.4
years)
Rate of leaving sex work per year Hyoung FSWs 14-24 years: Estimated from Transitions data
0.065-0.092 (further details in Section 5.3.1.2)
Holder FSWs > 25 years: Based on Luchters et al 2008 [29],
0.087-0.125 Luchters et al 2013 [5], Parcesepe et al

2016 [30] and McClelland et al 2016
[31] (further details in Section 5.3.1.2)

Number of clients seen by FSWs Cyoung FSWs 14-24 years: 5-6.4 From Transitions data analysis
per week
Colder FSWs 2 25 years: 4-7.4 Based on Luchters et al 2013 [5] and
Thomsen et al 2006 [32]
Number of sex acts per client nActs 1-2 Based on Luchters et al 2013 [5]
Individual client and dyad
parameters
Number of FSWs visited per nfsw 3-8 Based on Voeten et al 2002 [33]
month
Time spent buying sex in years 1/ Wclient 14 Based on Voeten et al 2002 [33]
Condom-use related
parameters
Time when condom use is tocond 1990 Assumption used in Shannon et al 2015
assumed to start [2]
Time when condom use is t1cond 2006 Assumption used in Shannon et al 2015
assumed to plateau [2]
ICU from 2006 (i.e. when condom | ICUyoungrsw FSWs 14-24 years: From Transitions data analysis
use is assumed to plateau) 10-28%
ICUolderrsw Based on Parcasepe et al 2016 [30],

FSWs = 25 years: 14-45% | Odek et al 2014 [19], Luchters et al
2013 [5], Tegang et al 2010 [34],
Luchters et al 2008 [29]
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% of sex acts which are protected | frac'V 0% Assumption used in Shannon et al 2015
when reporting ICU [2]
% of sex acts which are protected | fractV 75-100% Assumption used in Shannon et al 2015
when reporting CCU [2]
Relative increase in ICU due to RRcond sv 1.19-4.09 Analysis of Transitions data (see
recent and non-recent sexual Chapter 4)
violence
Violence parameters
Annual per capita rate that FSWs Estimated from Transitions data
experience first-time: analysis (further details in Section
- Sexual violence asv 0.073-0.112 53.1.2)
- Physical violence atv 0.076-0.116
- Police assault or arrest arad 0.146-0.217
Annual per capita rate that FSWs
experience recurrent:
- Sexual violence vV 0.687-1.768
- Physical violence vV 1.518-3.474
- Police assault or arrest vPad 0.882-1.772
Time to non-recent sexual 0 0.5 Corresponds to 6 months, to be
violence or physical violence or consistent with other survey
police assault or arrest from questionnaires and reported violence
recent sexual violence, physical data
violence or police assault or
arrest (years)
HIV testing and ART related
parameters
Fraction of FSWs tested for HIV fracTestzo03 2003: 6% Kenya DHS 2003 report [25]
per year
fracTestzo0s 2008:37-47% Kenya DHS 2008-2009 report [26] and
Vandenhoudt et al 2013 [27]
fracTestzo13 2013 onwards: 80-92% Based on Transitions data analysis and
Lafort et al 2016 [35] The 2013 time-
point reflects approximately the mid-
point between the time of recruitment
in Transitions and Lafort et al.
Fraction of FSWs initiating ART if | fraclnitiateyoung FSWs 14-24 years: 10- Estimated from Transitions data
diagnosed 40% analysis
fracInitiateoter FSWs > 25 years: 50-90% | Based on Lafort et al 2016 [35] and
NASCOP 2015 Kenya HIV estimates
report [28]
Relative decrease in HIV testing Prior ranges are based on analysis of
among FSWs due to recent and Transitions data (see Chapter 4). Note
non-recent: that the range (i.e. 95%CI) from
- Sexual violence RRtest.sv 0.82-1.0 Chapter 4 analysis have been truncated
- Physical violence RRtestpv 0.83-1.0 slightly here, in order to have an upper
- Police assault or arrest RRyest_paa 0.89-1.0 limit of 1.0 in the model (i.e. the model
assumption is that violence negatively
impacts HIV testing)
Rate of ART uptake per year Tclient 2003:3% NASCOP 2015 Kenya HIV estimates
among ART-eligible clients 2006 onwards: 55-65% report [28]
Yearly rate of stopping ART Krsw 0.09-0.24 Based on Graham et al 2012 [17]
among FSWs
Yearly rate of stopping ART Kelient 0.09-0.16 Based on NASCOP 2010 Annual Health
among clients Sector HIV report [18]
Yearly rate of restarting ART if w 0.3 Assumption
stopped/failed previously
Eligibility criteria for initiating
ART (CD4 cell/mm3)
- Before 2007 C: <200 Kenya AIDS epidemic update 2011 [21]
- 2007-2010 C: <250 Kenya AIDS epidemic update 2011 [21]
- 2010-2014 Cs <350 Kenya treatment guidelines 2011 [23]
- 2014-2016 Cs <500 Kenya treatment guidelines 2014 [22]
- 2016 onwards Cs Any CD4 count Kenya treatment guidelines 2016 [24]
Biological parameters
Probability of HIV transmission
per sex act in asymptomatic stage
(CD4>350)
- Male-to-female B1 0.0006-0.0011 Boily et al 2009 [8]
- Female-to-male B2 0.0001-0.0014 Boily et al 2009 [8]
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Relative risk of HIV transmission

(compared to CD4>350)

- Acute RRa 4.5-18.8 Boily et al 2009 [8]

- CD4 200-350 RRz00-350 1.0-1.6 Donnell et al 2010 [9], Hollingsworth et
al 2008 [10]

- CD4 <200 RRz00 4.5-7.0 Boily et al 2009 [8], Donnell et al 2010

[9], Hollingsworth et al 2008 [10]

Duration in each HIV stage in the
absence of ART (years)

- Acute 1/01 0.1-0.5 Hollingsworth et al 2008 [10]

- CD4 >350 1/02 4.0-4.8 e-ART linc 2008 [36]

- CD4 200-350 1/03 3.6-4.6 e-ART linc 2008 [36], Lodi et al 2011
[37]

- CD4 <200 durz00 1.4-2.8 Morgan et al 2000 [38], Kumarasamy et

al 2003 [39], Lodi et al 2011 [37]

HIV-related mortality rate per

year by HIV stage

- Acute (OF] 0 Assumption

- CD4 >350 D, 0.01-0.022 Lewden et al 2012 [40]

- CD4 200-350 D3 0.022-0.038 Lewden et al 2012 [40], Anglaret et al
2012 [41]

- CD4 <200 D, 1/ dur2%

Per-act condom efficacy against Effarr 78-95% Weller et al 2002 [14], Pinkerton et al

HIV transmission 1997 [13], Hughes et al 2012 [12]

Per-act effectiveness of ART Effcond 79-96% Reviewed by Baggaley et al 2013 [11]

against HIV transmission

Reduction in HIV-related Effmort 50% The HIV-CAUSAL collaboration 2010

mortality due to ART [42], Kitahata et al 2009 [43], Ghate et
al 2011 [44], Kumarasamy et al 2003
[39]

Seed (% infected with HIV at the seed1970 0.5-2% Assumption

start of the HIV epidemic)

5.3.2 Model calibration

To take into account uncertainty in the model parameters, model calibration was done in a
Bayesian framework, using Latin Hypercube Sampling (LHS) combined with a target fitting
method, to obtain multiple parameter sets that simultaneously fit to various age and risk group
specific data on HIV prevalence, ART coverage (% of HIV positive on ART) and prevalence of
violence (see Table 5.2). The model calibration process is as follows: (1) uniform prior
distributions are assigned to each of the model parameters with prior ranges (prior ranges and
their sources are shown in Table 5.1); (2) LHS was used to randomly select a large number of
parameter sets (4000) from the prior distributions of these parameters [45,46]; (3) parameter
sets from step 2 were deemed to produce a “good fit”, and accepted as a posterior parameter set,
if the associated model predictions fell simultaneously within the pre-specified targets (ranges)

of the HIV prevalence, ART coverage, and violence prevalence data defined in Table 5.2.

In addition, model predictions from the model fits were compared to additional observed data on
HIV prevalence, ART coverage and prevalence of violence that were not used during the fitting
procedure and that were directly comparable to model outcomes (see Tables D3-D5 in Appendix
D). This was done to provide an additional visual check of how well the model projections match

all other available HIV prevalence, ART coverage and violence prevalence data. As described
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above, demographic model outputs (FSW and client population sizes) were also compared to

available data (see Section 5.3.1.2).

The majority of the observed data from the literature on FSWs in Mombasa are from studies
which did not specifically recruit young FSWs, did not recruit FSWs as young as 14, and had a
relatively small proportion of the study population that was 24 years or younger (typically less
than 30%) (Tables D1 and D3-D4 in Appendix D), therefore estimates from these studies were
considered to be more representative of older FSWs, and as such this data was used to fit and

compare model outcomes among older FSWs in the model.

The posterior parameter sets represent the ‘baseline calibrated scenario’ used in the analyses to
estimate the contribution of violence and the potential impact of eliminating future violence

experiences on HIV transmission among FSWs and their clients.

Table 5.2 HIV prevalence, ART coverage and violence prevalence data used in model fitting

Model outcome Population | Year Target range Sources for target
Lower Upper range!
limit limit
HIV prevalence Older FSWs | 2005 29.2% 40.0% Chersich et al 2007
[47], Luchters et al
2008 [29], Luchters et
al 2010 [48]
HIV prevalence Young FSWs | 2015 6.9% 13.5% Transitions data
HIV prevalence Clients 2005 5.0% 24.0% PhD thesis, S. Mishra
2014 [49]
% HIV positive on ART Young FSWs | 2015 6.7% 35.0% Transitions data
Prevalence of sexual violence (ever) Young FSWs | 2015 25.2% 34.3% Transitions data
Prevalence of sexual violence (recent) Young FSWs | 2015 8.9% 15.6% Transitions data
Prevalence of physical violence (ever) Young FSWs | 2015 25.9% 35.0% Transitions data
Prevalence of physical violence (recent) Young FSWs | 2015 13.6% 21.2% Transitions data
Prevalence of police assault or arrest (ever) Young FSWs | 2015 40.4% 50.3% Transitions data
Prevalence of police assault or arrest (recent) | Young FSWs | 2015 15.3% 23.6% Transitions data

1 Further details on the data used to specify the target ranges are in Tables D1 and D2 in Appendix D

5.3.3 Plan of analysis
5.3.3.1 Estimating the contribution of violence to HIV transmission among FSWs and their clients

The contribution of violence to HIV transmission among FSWs and their clients in Mombasa,
Kenya was estimated using the Population Attributable Fraction (PAF) calculated over the 2015-
2025 period. The PAF measures the proportion of cumulative new HIV infections in a population
over a certain time period that were due (indirectly or directly) to given a risk factor (e.g.
violence). The PAF of violence was defined as the relative difference in cumulative new HIV
infections over the 2015-2025 period between the baseline calibrated scenario and a

counterfactual scenario where violence has no effect on HIV.
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[ simulated a number of different counterfactual scenarios and estimated the PAF for each:

e First, I simulated a counterfactual scenario where the impact of violence on increasing ICU
and/or reducing HIV testing was removed i.e. RRcond sv, RRiest sv, RRiest pv, and RRies: pas were all
set to equal 1, while all other parameters remained the same as in the baseline calibrated
scenario. This PAF takes into account the contribution of all three violence types to HIV
transmission, and so is defined as the “full” PAF.

e Second, to examine the contribution of each type of violence alone to HIV transmission, I
simulated further counterfactual scenarios where the impact of each type of violence on
increasing ICU or reducing HIV testing was removed in turn (i.e. four counterfactual scenarios
were run with RRcond sv, RRtest sv, RRiest Py, and RReest paa Sequentially set to equal 1).

e Third, to examine the contribution of recent versus non-recent violence to HIV transmission,
I simulated two further counterfactual scenarios, one where RRcond sv, RRtest sv, RRtest py, and
RRest paa were all set to equal 1 among FSWs who have recently experienced violence, and
second where RRcond sv, RRtest sv, RRtest pv, and RRiest paa were all set to equal 1 among FSWs who

have previously but not recently experienced violence.

All PAF estimates were calculated in the total population as well as by risk-group (i.e. young FSWs,
older FSWs and clients), and are presented across two time-periods: 2015 to 2020 (i.e. a shorter-

term 5-year PAF) and 2015-2025 (i.e. alonger-term 10-year PAF).

5.3.3.2 Estimating the potential impact of eliminating future violence experiences on HIV

transmission among FSWs and their clients

The potential impact of violence elimination interventions on HIV transmission among FSWs and
their clients in Mombasa, Kenya was estimated using the prevented fraction (i.e. the fraction of
HIV infections averted by the intervention). The prevented fraction was defined as the relative
reduction in cumulative new HIV infections over the 2015-2025 period between the baseline

calibrated scenario and each intervention scenario.
Two intervention scenarios were examined:

e Intervention 1: Eliminate all future experiences of violence. This was modelled by setting the
rates of first-time and recurrent violence to equal zero (i.e. @V=0, a*V=0, a”44=0, vsV=(0, v/V=0
and vP44=0) from 2015 onwards.

e Intervention 2: Eliminate all future experiences of violence and remove the long-term

negative effects of violence. This was modelled by setting the rates of first-time and recurrent
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violence to equal zero, and also setting RRcond sv, RRtest sv, RRtest pv, and RRiest paa to equal 1

among those who have previously but not recently experienced violence, from 2015 onwards.

Prevented fraction estimates were calculated in the total population as well as by risk-group (i.e.
young FSWs, older FSWs and clients), and are presented across two time-periods: 2015 to 2020

(i.e. a shorter-term 5-year projection) and 2015-2025 (i.e. a longer-term 10-year projection).

The impact of each intervention scenario on HIV prevalence and ART coverage (% of HIV positive

on ART) was also assessed.
5.3.3.3 Sensitivity analyses

To explore the sensitivity of the PAF and prevented fractions to the uncertainty in the parameter
values, partial rank correlation coefficients (PRCCs) were calculated to estimate the strength of
association between the posterior parameter distributions and outcomes of interest (full PAF and
prevented fractions in interventions 1 and 2). PRRC values nearer 0 indicate a weak association,

and values nearer -1 and +1 indicate a strong association [45,50].
5.4. Results

5.4.1 Calibration results

From 4000 parameter sets, 70 parameter sets fit the fitting outcomes well and were retained as
posterior parameter sets for further analysis. The baseline model projections of these posterior
parameter sets produced a visually good fit to the age and risk group specific data on HIV
prevalence, ART coverage (% of HIV positive on ART) and prevalence of violence shown in Table

5.2 (Figures 5.4-5.6).

The baseline model projections also corresponded reasonably well to the other available
observed age and risk group specific comparison data on HIV prevalence and ART coverage not
used in the model fitting process (Figures 5.4 and 5.5, and Figure D1 in Appendix D), although
some early FSW HIV prevalence estimates were underestimated in the model projections, and
some client HIV prevalence estimates were overestimated. Violence prevalence projections for
young FSWs also matched reasonably well to additional comparison data from Transitions on
prevalence of experiencing multiple types of violence that was not used in the fitting process
(Figure 5.7), although the prevalence of experiencing both sexual violence and physical violence
was slightly underestimated in the model projections. The prevalence projections of recent
sexual violence among older FSWs were also consistent with other available comparison data
from polling booth surveys of FSWs in Mombasa, Kenya in 2014 and 2015 (Figure 5.8). The

prevalence projections of recent police assault or arrest among older FSWs were also similar to
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the 2014 polling booth survey comparison data, but underestimated the 2015 polling booth
survey comparison data (Figure 5.8). The baseline model projections for demographic outcomes

(FSW and client population sizes), were also consistent with their corresponding comparison

data (Figure 5.9).

The posterior median of the relative risk of ICU due to sexual violence was 3.03 (95% Crl: 1.49-
4.06), and the posterior median for the relative reduction in HIV testing uptake due to sexual
violence, physical violence and police assault or arrest was 0.92 (95% Crl: 0.82-1.00), 0.89 (95%
Crl: 0.83-0.99), and 0.94 (95% CrI: 0.89-1.00), respectively (see Table D7 in Appendix D). These

posterior ranges were similar to their prior ranges.

Young FSWSs Older FSWs
80 80 1
=]
% 60 2
g 8
= c
] @
I T 4 |
v °
= o
>
% T 20
0 : . . . .
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
Year Year
All FSWs Clients
80 r 80
X 60 f * 60 |
N ]
3 o
c
@ g
= ©
© 40 r > 40
> [
e 5
> =
T 20 T 20}
0 : : : : : 0 : : : :
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
Year Year

Figure 5.4 HIV prevalence trends in different risk groups across all the models fits. Black error bars
show the target ranges used in the model fitting process. Red squares and error bars show the point
estimates and 95% confidence intervals of other available comparison data not used in the fitting process.
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models fits. Black error bars show the target ranges used in the model fitting process. Red squares and
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Figure 5.6. Prevalence of each type of violence among young FSWs in 2015: model projections
compared to Transitions data used in the fitting process. Coloured bars represent the median value of
the model fits or the point estimate from Transitions data, and error bars represent the 95% credible
interval of the model fits or the 95% confidence interval of the point estimate from Transitions data. PAA -
police assault or arrest; PV - physical violence; SV - sexual violence.
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Figure 5.7. Prevalence of experiencing multiple types of violence among young FSWs in 2015: model
projections compared to Transitions comparison data. Coloured bars represent the median value of
the model fits or the point estimate from Transitions data, and error bars represent the 95% credible
interval of the model fits or the 95% confidence interval of the point estimate from Transitions data. PAA -
police assault or arrest; PV - physical violence; SV - sexual violence.
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Figure 5.8 Prevalence of each type of violence among older FSWs. A) Model projections of violence
prevalence among older FSWs in 2015. B) Violence prevalence model projections among older FSWs in
2015 compared to Mombasa polling booth survey (PBS) comparison data in 2014 and 2015 [3]. Coloured
bars represent the median value of the model fits or the point estimate from the PBS data, and error bars
represent the 95% credible interval of the model fits or the 95% confidence intervals of the PBS data. PAA
- police assault or arrest; PV - physical violence; SV - sexual violence.
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Figure 5.9. Demographic model projections compared to observed data. (A) Model and empirical estimates of the
fraction of FSWs that are 14-24 years in 2015. Empirical estimates come from mapping estimates from the Transitions
study (unpublished data). (B) Model and empirical estimates of the client population size (% of adult males) in 2015.
Model estimates were calculated by dividing the number of clients projected in the model by the number of males in
Mombasa in 2015, which was estimated from data reported in the 2016 Kenya HIV County Report [51]. Empirical
estimates represent available national-level Kenya data for the % of the male population in Kenya who have ever or in
the last 12 months exchanged payment, money, gifts or favours for sex [49,52]. Bars represent the median value of the
model fits or the point estimates from the comparison data, and error bars represent the 95% credible interval of the
model fits or the 95% confidence intervals of the comparison data.

5.4.2 Contribution of violence to HIV transmission

The model suggests that 41.5% (95% Crl: 14.6-59.3%) of all new HIV infections among FSWs and
their clients in Mombasa, Kenya, over the 2015-2025 period, could be due to sexual violence,
physical violence and police assault or arrest (Figure 5.10A). The full-PAF was highest for clients
(43.8% [95% Crl: 16.4-61.5%]), followed by older FSWs (37.5% [95% Crl: 12.4-55.2%]), then
young FSWs (28.9% [95% Crl: 8.5-47.7%]) (Figure D2 in Appendix D). Interestingly, as can be
seen in Figure 5.10B, the substantial contribution of violence to HIV transmission among FSWs
and their clients is mainly driven by sexual violence and its impact on ICU, with the PAF due to
the impact of sexual violence on ICU estimated at 38.9% (95% Crl: 12.0-54.5%). The large
magnitude of this PAF is due to there being a substantial decrease in ICU when the elevated risk
in ICU due to sexual violence is removed; the weighted average ICU decreases from 47% at
baseline in 2015 to 26% when the relative increase in ICU due to sexual violence is set to equal
one from 2015. Figure 5.10C also suggest that the long-term negative impacts of previous non-
recent violence experiences contribute more to HIV transmission than the short-term negative
impacts of recent violence, although both PAFs were still considerable, with the PAF due to recent
violence estimated at 17.2% (95% Crl: 6.0-30.1%), and the PAF due to non-recent violence
estimated at 26.1% (95% Crl: 8.4-40.8%).
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Figure 5.10 Population attributable fraction (PAF) of violence against FSWs over 2015-2020 and 2015-2025
(i.e. 5-year and 10-year PAF) in the following scenarios where various effects of violence are removed: (A)
remove all effects of sexual violence, physical violence and police assault or arrest on ICU and/or HIV testing (i.e. full
PAF); (B) remove effects of sexual violence, physical violence and police assault or arrest on ICU and/or HIV testing in
turn; (C) remove effects of recent violence and non-recent violence on ICU and/or HIV testing in turn. The PAF
calculated among female sex workers (FSWs), clients, and the whole population (i.e. FSWs and their clients) are shown.
Coloured bars and error bars represent the median value of the model fits and the 95% credible interval of the model
fits, respectively.
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5.4.3 Impact of preventing violence

Model estimates of the potential fraction of HIV infections averted (‘prevented fraction’) by
different violence interventions are presented in Figure 5.11. The model suggests that preventing
all future experiences of violence from 2015 onwards (Intervention 1) could avert 5.9% (95%
Crl: 2.0-10.8%) of all new HIV infections among FSWs and their clients over the first 5 years, and
11.3% (95% Crl: 3.9-19.7%) of all new HIV infections among FSWs and their clients over 10 years
(Figure 5.11A). The prevented fractions were similar across risk groups (Figure D3 in Appendix
D). As expected from PAF results, the majority of HIV infections averted were due to the impact
of eliminating future experience of sexual violence (10-year prevented fraction for FSWs and
clients = 11.2% [95% Crl: 3.5-19.5%]). If violence was eliminated and combined with additional
support to reduce the long-term negative impacts of previous violence experiences (Intervention
2), then substantially more HIV infections could be averted among FSWs and their clients (10-
year prevented fraction: 40.2% [95%Crl: 14.0-57.4%]) (Figure 5.11B). The prevented fraction of
Intervention 2 is equivalent to the full-PAF estimate, as the intervention is essentially removing
all the negative impacts of violence from 2015 onwards (i.e. it is a perfect intervention). For
Intervention 2, the model predicted that a greater fraction of new HIV infections would be averted
among clients than FSWs (10-year prevented fractions: 32.8% [95% Crl: 10.3-50.0%] among all
FSWs, and 42.6% [95% Crl: 15.9-59.5%] among clients).

The model also suggests that with Intervention 2 (i.e. violence elimination + address long-term
impacts of violence) there would be greater reductions in HIV prevalence among FSWs and their
clients, and larger increases in ART coverage (% of HIV positive on ART) than with Intervention
1 (i.e. violence elimination alone) (see Figure 5.12, and Figures D4 and D5 in Appendix D).
Preventing future experiences of violence from 2015 in combination with support to address the
long term negative impact of violence (Intervention 2), could lead to a relative reduction in HIV
prevalence among FSWs of 22.3% (95% Crl: 5.8-35.1%), and an increase in ART coverage among
FSWs of 6.8% (95% Crl: 2.9-12.3%). Preventing future experiences of violence from 2015
without additional support to address the long-term negative impacts of violence (Intervention
1), could lead to arelative reduction in HIV prevalence among FSWs of 9.5% (95% Crl: 2.4-17.5%)
and an increase in ART coverage among FSWs of 4.1% (95% Crl: 1.8-7.9%).
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Figure 5.11 Prevented fraction (i.e. percentage of HIV infections potentially averted) among FSWs and their
clients over 5 and 10 years due to the following intervention scenarios: Intervention 1 - Eliminate all future
experiences of violence from 2015; Intervention 2 - Eliminate all future experiences of violence and provide support
to remove all the long-term negative effects of violence on ICU and/or HIV testing from 2015. Coloured bars and error
bars represent the median value of the model fits and the 95% credible interval of the model fits, respectively.
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Figure 5.12 Impact of violence interventions on HIV prevalence and ART coverage (% of HIV positive on ART)
among FSWs. Intervention 1 - Eliminate all future experiences of violence from 2015; Intervention 2 - Eliminate all
future experiences of violence and provide support to remove all the long-term negative effects of violence on ICU
and/or HIV testing from 2015. Coloured lines show the median of the model projections.
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5.4.4 Sensitivity analysis

A PRCC analysis was conducted to identify which calibrated parameters had the most influence
on the PAF and prevented fraction estimates. Table D8-D10 in Appendix D shows the PRCC values
for the full-PAF and the prevented fraction for interventions 1 and 2. The strongest correlations
were observed for the parameters that govern condom use in the model, and this finding was
consistent across risk groups and outcomes. The relative risk of ICU due to sexual violence was
the parameter most strongly positively associated with the full-PAF and prevented fractions, with
the PRCC ranging between 0.8 and 0.9. Other condom use related parameters that were also
strongly positively associated with each outcome (PRCC >0.5) were the fraction of young FSWs
inconsistently using condoms (in the absence of sexual violence), the fraction of sex acts
protected if condoms are used consistently, and the efficacy of condoms in reducing HIV

transmission per sex act (Tables D8-D10).
5.5 Discussion

In this chapter, I developed a model of violence against FSWs and HIV transmission among FSWs
and their clients in dynamic Mombasa, Kenya, and calibrated it to the available data from
Mombasa. I used this model to explore the contribution of violence to HIV transmission and the

potential impact of violence prevention on HIV transmission among FSWs and their clients.
5.5.1 Summary of key results

The modelling results suggest that about 40% of new HIV infections among FSWs and their clients
between 2015 and 2025 could potentially be due to violence against FSWs, which is primarily due
to the elevated risk of ICU due to sexual violence. A large fraction of new HIV infections were also
attributed to non-recent experiences of violence, highlighting the important contribution of the
long-term negative effects of violence on HIV transmission. As such, if violence is eliminated in
combination with support to address the long-term negative effects of historical violence
exposure, we would expect a substantial reduction in new HIV infections among FSWs and their
clients between 2015 and 2025 (i.e. approximately 40%), and there could also be a 22% relative
reduction in HIV prevalence among FSWs, and an 7% increase in the fraction of HIV positive FSWs
on ART. Due to the sustained negative impact of sexual violence on condom use, much less impact
is achieved by an intervention which prevents future violence but does not address the long-term
consequences of historical exposure to violence. Nevertheless, preventing future experiences of
violence, could still potentially avert about 11% of new HIV infections among FSWs and their

clients between 2015 and 2025.
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In contrast to ICU, the results suggested that the influence of violence on HIV testing uptake does
not contribute significantly to HIV transmission. This is because HIV testing uptake among FSWs
was already high, and because the fraction of FSWs HIV aware who initiate treatment was not
that high, and was particularly low among YFSWs. This meant that eliminating the small reduced
testing uptake associated with violence did not result in large increases in ART coverage, and so
the indirect benefits of increasing the number of FSWs on ART, who are less likely to transmit

HIV, was more limited.

Across risk groups, PAF estimates were largest for clients, and the intervention eliminating future
violence combined with support to address the long-term negative effects of violence
(Intervention 2), was predicted to avert more HIV infections among clients than FSWs (about
43% among clients versus about 33% among FSWs). This finding is partially due to the influence
of violence on HIV testing uptake, and therefore ART coverage. When the reduced uptake of HIV
testing due to violence is removed, more HIV positive FSWs can be initiated onto ART, and this
indirectly benefits clients as FSWs on ART are less likely to transmit HIV to their clients.
Furthermore, although removing the elevated risk of ICU due to sexual violence benefits both
FSWs and their clients, the substantial improvement in condom use could have a greater influence
on HIV acquisition among clients, as clients have fewer partners than FSWs, and so their hazard
of infection may be reduced more than for FSWs who have a greater number of partners. The
prevented fraction among FSWs and clients were more similar in the intervention which
prevented future experiences of violence but did not address the long-term negative impacts of
violence. This could partially be due to a slower increase in ART coverage among FSWs in this
intervention (Figure 5.12), and the slower improvements in ICU that occur in this intervention

(Figure D6 in Appendix D).

The model was able to reproduce well data on FSWs from the Transitions study and other
available sources, providing plausible trends in HIV prevalence and ART coverage among each
risk group, and matching well current estimates of violence prevalence among young FSWs. This
would suggest that the model provides a reasonable representation of violence and HIV infection
dynamics among FSWs and clients in Mombasa, Kenya. However, the model did slightly
underestimate the prevalence of experiencing both sexual violence and physical violence among
young FSWs. This has the potential to underestimate the PAF and prevented fraction if
experiencing multiple types of violence compounds HIV risks, as was assumed for the reduced
uptake in HIV testing due to violence. Nevertheless, as the negative effect of violence on HIV
testing uptake contributed relatively little to HIV transmission, it is unlikely that this discrepancy
between model and data would have a large impact on the results. In addition, data suggest that

the prevalence projections for police harassment among older FSWs may be an underestimate.
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However, given that the contribution of violence to HIV transmission was mainly driven by sexual
violence, it is unlikely that this discrepancy would influence the model results. The model also
underestimated some early FSW HIV prevalence estimates, but these empirical estimates may
reflect a cluster of more high risk FSWs which may not be representative of all older FSWs at that
time [53,54]. The model projections of client HIV prevalence were also higher in general than
estimates from general population demographic health surveys (DHS), although DHS HIV
prevalence estimates for clients could be underestimated due to social desirability bias

[25,26,55].
5.5.2 Implications

Taken together, the results from this modelling analysis indicate that violence against FSWs is an
important contributor to HIV transmission among FSWs and their clients in Mombasa, Kenya, and
that structural interventions addressing violence and its negative impacts, particularly its
negative impacts on condom use, will be crucial for the HIV prevention efforts in Kenya. This
finding is consistent with the previous Shannon et al modelling study, which found that
eliminating client sexual violence could avert a substantial fraction of HIV infections among FSWs
and their clients (about 17%) due to its assumed negative impact on condom use [2]. However,
the estimates from my analysis are larger than those estimated in this prior study, as in my
analysis [ assume that there is an elevated risk of ICU among FSWs who have recently and non-
recently experienced sexual violence. In contrast, the prior study assumed no long-term negative
effects of client sexual violence, as at the time in Kenya there was no available data on either the
magnitude or duration of impact of client sexual violence on ICU. These results also potentially
highlight the importance of providing support to FSWs who previously experienced violence in
combination with interventions to prevent future violence. Due to the long-term negative impact
of violence, preventing future violence alone without this additional support may have a more
limited impact on HIV transmission, as many FSWs have already experienced violence and may
continue to have elevated HIV risks unless support is provided to mitigate the negative effects of
violence in the long-term. Given that the effect of violence on HIV transmission was mainly driven
by the effect of violence on condom use, it is important that future studies and existing
programmes with FSWs seek to better understand the relationship between violence and condom
use and why condoms are not used, so that strategies can be implemented to reduce the elevated
risk of ICU among those who have experienced violence. Interestingly, eliminating the small
reduced testing uptake associated with violence did not result in large increases in ART coverage,
which contradicts the hypothesis that addressing structural factors would be important for
scaling up ART. However, as HIV testing was already high, it is likely that other stages in the HIV

care cascade (e.g. linkage to HIV care once diagnosed) would need to be improved to increase
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ART coverage among FSWs in this context. It will be important to conduct further studies to
examine the effect of different types of violence in FSW’s engagement across the entire continuum

of HIV care and treatment.
5.5.3 Limitations and strengths

It is important to interpret these findings in light of several limitations. One limitation is that the
model assumed a constant rate of violence. It is challenging, however, to determine if violence
against FSWs has changed over time, due to the varying definitions, time periods and study
populations of existing violence prevalence estimates among FSWs in Mombasa. Recent pooling
booth surveys conducted in 2014 and 2015 indicate that prevalence of police assault or arrest
may have increased, while the prevalence of sexual violence was similar in both years (Figure 5.8)
[3], so future work could consider a non-constant rate of police violence. However, in the context
of the findings in this study, incorporating a non-constant rate of police violence is unlikely to
impact the results, as the assumed influence of police assault or arrest on HIV testing did not
contribute significantly to HIV transmission. Further studies, that measure experiences of
violence in the same way over time, could help to identify any trends in prevalence of violence,

which could be incorporated into model projections.

Another limitation is that rates of violence and the magnitude and duration of effect of violence
on ICU and HIV testing uptake among older FSWs were assumed to be the same as for young
FSWs, due to a lack of comparable data among older FSWs in Mombasa from the existing
literature. Further studies are needed to understand if there are differences in rates of
experiencing violence and differences in HIV risks associated with violence among young and
older FSWs. In particular, it is important to decrease uncertainty in the magnitude of elevated
risk of ICU due to sexual violence, as my sensitivity analysis identified that this was the parameter
most strongly associated with the PAF estimates and predicted prevention fraction of violence
interventions. In addition, although it was assumed that there was elevated risk of ICU among all
FSWs who had ever experienced sexual violence, there also remains uncertainty over the
duration of elevated ICU risk due to sexual violence. A supplementary analysis of Transitions data
suggested that there could be a delayed effect of sexual violence on ICU, as recent sexual violence
was not significantly associated with ICU with clients among young FSWs (Table D11 in Appendix
D). If this is the case, then these findings may overestimate the PAF due to violence. But even
under this alternative assumption, the analyses presented suggest that the PAF due to sexual
violence would still be substantial due to the long-term negative impact on ICU (Figure 5.10C).
This hypothesis was confirmed in a supplementary sensitivity analysis, where I re-calibrated the
model and re-estimated the PAF assuming that recent sexual violence did not elevate risk of ICU

(Figure D7 in Appendix D). To reduce the uncertainty in model projections, further studies are

162



Chapter 5 Kenya model

needed to better understand the short and long-term impacts of violence on HIV risk, and if these

differ between young and older FSWs.

It is also a limitation that the data used to parameterise the effect of violence on ICU and HIV
testing uptake in the model was based on a cross-sectional study. Causality cannot be determined
in cross-sectional study, but the model makes the assumption that there is a causal relationship.
Longitudinal studies would be needed to strengthen the evidence for these directions of

associations and hypothesised casual pathways between violence and HIV infection.

There are also limitations with the violence interventions modelled, as they make the assumption
that future experiences of violence and the risks associated with violence are totally eliminated
immediately at the start of the intervention. However, in reality reductions in violence and
improvements in condom use and HIV testing are more likely to occur slowly, and it is unlikely
that all violence will be totally eliminated or that all the long-term negative effects of violence will
be completely removed. It may also be difficult to reach all FSWs who have experienced violence
to provide support to reduce the negative effects of violence. Thus, the results may overestimate
the impact of violence interventions. Nevertheless, the purpose of these intervention scenarios
was to demonstrate the maximum potential benefits of violence prevention. Future work could
consider more realistic violence reduction scenarios, which could be informed by evaluations of

violence interventions.

Furthermore, this analysis only considers HIV transmission between FSWs and their clients, and
does not take into account FSWs intimate partnerships. Violence by intimate partners is common
among FSWs in Kenya, and a recent study found that recent violence from intimate partners was
associated with unprotected sex among HIV positive FSWs in Mombasa [56]. In my analysis of
Transitions data in Chapter 4, [ also found that some forms of violence (physical violence and
police assault or arrest) were associated with inconsistent condom use with intimate partners.
Therefore, these modelling results may underestimate the contribution of violence to HIV
transmission in Mombasa, and in particular are likely to underestimate the contribution of
physical violence and police assault or arrest to HIV transmission. Future expansions of the
model may benefit from incorporating additional risk groups in the model, such as intimate
partners. It is also possible that violence may impact other HIV risk factors that were not
examined in the prior analyses conducted, so further studies are needed to continue exploring
the pathways through which violence against FSWs in Mombasa influences HIV risk and
transmission. It may also be important to consider for inclusion in the model other factors which
interact with violence to increase HIV risk. For example, supplementary analysis of Transitions
data indicated that the association of violence with reduced HIV testing uptake may be influenced

by FSWs alcohol use (Table D12 in Appendix D). However, given that the influence of violence on
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HIV testing uptake was found not to contribute significantly to HIV transmission, the influence of

this interaction on the model projections was not investigated further.

In my analysis of Transitions data in Chapter 3, I also found a significant association between
sexual violence and physical violence, however I did not include any between-violence dynamics
in the model. The absence of this violence dynamic could be why there was a slight discrepancy
in prevalence of experiencing both sexual violence and physical violence, which as discussed
previously has the potential to underestimate results when experiencing multiple types of
violence compounds HIV risks. However, from the data it is challenging to determine more about
the relationship between physical and sexual violence, and whether one type of violence proceeds
another. Furthermore, [ found in this data analysis that a number of FSWs had experienced sexual
violence before their entry into sex work, but in my model I made the assumption that all FSWs
entered sex work with no prior experience of violence. As my primary violence outcome of
interest was prevalence of violence, which was fitted to the Transitions data, this assumption is
unlikely to affect the results, but if incidence of violence was the primary outcome of interest this
is an important limitation that would likely lead to an overestimate of incidence of violence.
Nevertheless, it is difficult to accurately capture the start of entry into sex work, and thus difficult

to fully understand FSWs experiences of violence before sex work from the data analysis.

A further limitation is that the model did not include migration of FSWs and their clients. FSW
and client migration patterns, however, could influence HIV transmission and the impact of HIV
interventions, because of the potential for changes in sexual behaviours and other HIV risks
between home and migrant destinations [2,57-59]. Given that Mombasa is a major port city and
transit stop in Kenya, which attracts many tourists and sex workers from elsewhere [6,60-62], it
may be important in future work to develop a model that can consider the influence of FSW and
client migration on model results. However, the links between migration and HIV and violence
are complex [2,57,58,63,64], and currently there is a lack of quantitative data on sexual
behaviours and experiences of violence among migrant FSWs and clients in Mombasa [5,65]. It
is also a limitation of the model that FSWs stay in sex work for a specified duration, without

movement in and out of sex work.

Lastly, the results from this analysis may not be generalizable to other settings, as the model was
parameterised and calibrated to the context of sex work in Mombasa, Kenya. However, as the
burden of violence is high in other settings, and other studies have also found that violence
elevates risk of non-condom use [2,63], it is likely in other settings that violence against FSWs

may also be contributing significantly to HIV transmission.
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Despite the limitations described, this is one of the first modelling studies to investigate the
contribution of violence against FSWs to HIV transmission and evaluate the potential impact that
preventing violence against FSWs could have on the HIV epidemic. A key strength of this analysis
is that the model development, parameterisation and calibration utilised novel context-specific
estimates of violence and its effect on HIV risk among FSWs in Mombasa, Kenya. This improves
upon the existing modelling study in Kenya [2], which did not use data specific to Mombasa on
the impact of sexual violence on ICU among FSWs. This study further extends the prior work by
considering multiple types of violence, and so is the first study to date in the Kenya to investigate
the contribution of physical violence and police assault or arrest among FSWs to HIV transmission
in Kenya. This study was also novel in that it considered the role of violence on HIV testing uptake
and how this influences HIV transmission. Another strength of this analysis was that the model
calibration approach allows the model results to take into account uncertainty in the data. Finally,

a key strength is that the model was fitted and compared to multiple different types of outcomes.
5.5.4 Conclusion

In conclusion, these results provide evidence to highlight the important contribution of violence
against FSWs to HIV transmission among FSWs and their clients in Mombasa, Kenya, and that
structural interventions addressing violence and the long-term negative effects of violence on

non-condom use will be crucial in ongoing HIV prevention efforts among FSWs in Kenya.
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6.1 Overview

The work undertaken in this thesis has focussed on violence against FSWs and its links with HIV.
Specifically, in Chapter 2, I developed a novel dynamic mathematical model to simulate
experiences of workplace violence among FSWs in Vancouver, Canada, and utilised this model to
characterise the dynamics of workplace violence, estimate incidence of workplace violence, and
estimate the maximum impact of violence-related structural interventions on both workplace
violence and inconsistent condom use among FSWs in Vancouver. In Chapter 3, I analysed data
from a cross-sectional study of young women in Mombasa, to examine the burden and
determinants of violence among YFSWs. Following on from this analysis, in Chapter 4, [ examined
whether violence against YFSWs is associated with HIV prevention programme exposure,
inconsistent condom use, HIV/STI testing uptake and HIV infection. In Chapter 5, I developed,
parameterised and calibrated a dynamic model of violence against FSWs and HIV transmission
among FSWs and their clients in Mombasa, Kenya, utilising the findings from the data analyses
conducted in Chapters 3 and 4. I then used this model to explore the contribution of violence
against FSWs to HIV transmission and the maximum potential impact of violence prevention on
HIV transmission among FSWs and their clients in Mombasa, Kenya. The analyses in these four

chapters all contributed to addressing my overreaching thesis aims, which were:

1) To investigate the burden and determinants of violence against FSWs
» Addressed in Chapters 2 and 3
2) To better understand the effects and contribution of violence against FSWs to HIV
transmission
» Addressed in Chapters 4 and 5
3) To estimate the potential impact of violence interventions for FSWs on HIV transmission

» Addressed in Chapters 2 and 5

In undertaking this research, I hoped to help improve our understanding of the epidemiology and
effects of violence against FSWs and the potential impact of violence interventions, and in doing
so help inform the design and implementation of structural HIV prevention approaches and

interventions for FSWs.

[ have already discussed in detail my analyses and findings at the end of each relevant chapter.
In this chapter [ aim to provide a broad overview and synthesis of the key findings, strengths,
limitations and implications of the work; and discuss future directions of the research. I also
provide a framework for guiding future modelling studies of structural HIV determinants, and

discuss the types of data needed for such modelling studies.
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6.2 Synthesis of findings

There were a number of important findings for YFSWs in Mombasa, Kenya, that emerged from
my data analyses conducted in Chapters 3 and 4. In particular, these analyses highlighted the
many vulnerabilities of YFSWs in Mombasa, Kenya. By age 24, one in three YFSWs had
experienced sexual violence, one in three had experienced physical violence, one in two had
experienced police assault or arrest, and one in ten were HIV infected. In addition, a third drank
alcohol almost every day or every day, over two-thirds did not use condoms consistently with
intimate partners, and less than a fifth had been in contact with peers or staff from HIV prevention
programmes. Conversely, and more encouragingly, the majority of young FSWs (over three-
quarters) reported using condoms consistently with clients, and HIV testing uptake was high with
over 80% reporting testing for HIV in the past year. When looking at determinants of violence in
this population of YFSWs (Chapter 3), a key determinant of ever experiencing violence was heavy
alcohol use, which was associated with a higher prevalence of lifetime physical violence and
lifetime police assault or arrest. This finding was consistent with other studies in Kenya.
Although, as the Transitions study is cross-sectional, alcohol use could be a coping mechanism
among YFSWs who have experienced violence rather than a determinant factor. A novel finding
of this analysis was that early experiences of violence influenced YFSW’s likelihood of
experiencing violence later on; specifically I found that YFSWs reporting a history of violence in
the first month of sex work were more likely to report violence in the most recent month of sex
work. Another important finding for YFSWs in Kenya, was that experiencing violence was
associated with increased risk of ICU, reduced uptake of HIV testing and being HIV positive
(Chapter 4), highlighting that violence could be undermining HIV prevention in Kenya.

Building on the findings from Chapter 4, which found associations between violence and HIV risk,
prevention and infection, the modelling analyses in Chapter 5 indicated that the contribution (i.e.
PAF) of violence against FSWs to HIV transmission could be considerable; with model estimates
suggesting that 40% of all new HIV infections among FSWs and their clients in Mombasa, Kenya,
between 2015 and 2025, could potentially be due to violence against FSWs. This large PAF was
primarily driven by the short and long-term elevated risk of ICU due to experiencing sexual
violence. In this analysis, the negative impact of violence on HIV testing uptake contributed
marginally to HIV transmission. Taken together, these findings add to the growing evidence base
that violence against FSWs is an important structural determinant and driver of HIV transmission
[1,2], and that structural interventions addressing violence against FSWs will be crucial for HIV

prevention.
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A key theme emerging from my modelling analyses (Chapters 2 and 5) was the potential
importance of addressing the long-term negative effects of violence against FSWs. In both
settings (Vancouver and Mombasa), the largest impacts on HIV risks and/or HIV transmission
(i.e. largest reductions in inconsistent condom use and/or HIV infections) were predicted by the
model for violence interventions which coupled violence prevention with strategies that could
reduce the long-term negative effects of violence on ICU. These findings concur with those from
the recent Shannon et al modelling study, which estimated that elimination of police harassment
and client violence alone in Vancouver would have a negligible impact on HIV infections averted
over 10 years, whereas elimination of both police harassment and client violence, combined with
support to address the sustained negative effects of violence on condom use, could avert 24% of

HIV infections among FSWs and their clients over a decade [2].

Another important and novel finding from the modelling analysis in Vancouver (Chapter 2), was
that due to the interaction between police harassment and client violence, structural
interventions which eliminate police harassment could potentially reduce the prevalence of client
physical violence and sexual violence by 20-30% over 5 years. This supports the growing calls to

foster positive partnerships with police to help improve the safety of sex workers [3-5].

6.3. Strengths and unique contributions of work

A key strength of this thesis is the use of different and complementary approaches (statistical

analysis and mathematical modelling) to understand violence against FSWs and its links with HIV.

The analyses undertaken in Chapters 3 and 4, provide the first quantitative data on the burden,
determinants and effects of violence among YFSWs in Kenya, and also provide some of the first
quantitative estimates of police assault and arrest of FSWs in Kenya. These data are particularly
useful and important in light of the Kenya AIDS Strategic Framework 2014/15-18/19, which
identifies young girls and women and sex workers as priority populations for the HIV response
[6]. InJanuary 2017, as part of the Transitions study team, I presented my findings from Chapter
3 at a dissemination workshop for the preliminary findings from the Transitions study. The
workshop, which was held in Nairobi, Kenya, was held in partnership with the National AIDS and
STI Control Programmes, the National AIDS Control Council, the International Centre for
Reproductive Health Kenya, and the Centre for Global Public Health at the University of Manitoba,
Canada, and was attended by Kenyan government officials, HIV prevention programmers, and
other researchers. Thus, I have been able to directly disseminate some of my findings to key
stakeholders involved in the HIV response in Kenya. A strength of this work and collaboration
with the Transitions study team, is that as the study questionnaire was developed during the early

stages of my PhD, [ was able to provide input on questions relating to FSWs experiences of
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violence, sexual behaviours, work environment, alcohol use, and health care access (e.g. HIV
testing uptake and ART use). This meant the questionnaire included items that would specifically
address my research aims and be useful for parameterising mathematical models of violence and
HIV transmission. More broadly, the data analyses I conducted also add to the limited literature
onviolence and HIV among YFSWs globally [7-10], as well as to the limited literature investigating

the mediating factors between violence and HIV among FSWs.

The modelling analyses undertaken in Chapters 2 and 5 are some of the first modelling studies to
investigate structural HIV determinants and structural HIV interventions in the context of sex
work. The Vancouver modelling analysis is also the only study to date to utilise mathematical
modelling to try and better understand and characterise violence dynamics, estimate incidence,
and estimate the impact of structural interventions on other structural factors (i.e. impact of
eliminating police harassment on client violence), while the Kenya modelling analysis is the first
to estimate the PAF of different types of violence against FSWs. The Vancouver model I developed
was a new model that imposed fewer restrictions on the dynamics of violence compared to the
prior modelling study. This allowed me to explore additional research questions, and cross-
validate the model to more outcomes. The Kenya modelling analysis improved upon the prior
modelling work in the Kenyan context, by additionally considering physical violence and police
assault or arrest, and by utilising data specific to Kenya on the impact of violence against FSW on
HIV risks (i.e. condom use) and HIV prevention (i.e. HIV testing uptake) [2,11]. To the best of my
knowledge, no other modelling studies to date in the sex work context have considered the role

of structural factors on HIV testing uptake or other stages of the HIV care cascade.

Key strengths of my modelling analyses included that i) the models were developed,
parameterised, and fit to context-specific data; ii) the models were calibrated within a Bayesian
framework to take into account parameter uncertainties; iii) the models were fitted and
compared to as much data and as many outcomes as was feasible, and iv) that sensitivity analyses
were conducted to explore the influence of parameter uncertainty and model assumptions. An
additional strength of the Vancouver modelling analysis is that longitudinal data was utilised to

try and cross-validate some of the model outcomes.

There are also strengths with the key data utilised in this thesis. The AESHA cohortin Vancouver,
is a large, open, longitudinal, community-based research cohort, that uses time-location sampling
to help attain a representative sample of FSWs [12]. In the Transitions study, extensive mapping
combined with a multi-stage probability-based cluster sampling approach was used to attain a
representative sample of young women and sex workers. Itis particularly rare for studies to have

arepresentative sample of YFSWs.
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6.4 Limitations

One of the main limitations of the thesis was the reliance on self-reported and cross-sectional
data for the majority of the analyses in this thesis. There are many issues surrounding the quality
and reliability of self-reported data on sexual behaviours and sensitive topics, such as violence.
For example, social desirability bias and recall bias, could have led to under-reporting of some
sensitive issues (e.g. violence), over-reporting of other issues (e.g. condom use), and inconsistent
reporting of some behaviours and experiences (e.g. earlier violence experiences and age at start
of sex work). The cross-sectional nature of the Transitions study also precluded assessments of
causality in my data analyses. However, survey items in the Transitions study did provide some
details on the life course and timing of violence (e.g. violence in the first and last month of sex
work), which meant that I could conduct an analysis looking at re-victimisation. Furthermore, to
address potential uncertainties in the data, my modelling analyses were conducted within a
Bayesian framework, and sensitivity analyses were conducted to explore the influence of

parameter values on the model results.

Data gaps were another key limitation for both the statistical and mathematical modelling
analyses conducted. In the Transitions study, compromises had to be made on the amount and
detail of data that could be collected on different topics of interest in the questionnaire, in order
to ensure that the questionnaire was not too long. This meant that some potential questions of
interest relating to violence against FSWs, could not be examined in my analyses. For example,
as the Transitions survey only collected data on experiences of physical assault or arrest by law
enforcement, other types of violence and abuse by law enforcement, such as harassment and
extortion could not be assessed. This also means that there were potential determinants of
violence that could not be examined (e.g. social cohesion, relationship power, or residential
instability). Nevertheless, the data available and analyses conducted provide novel information
that addresses a number of existing gaps in the literature. Data gaps were also a limiting factor
in the design of the mathematical models, and meant that the models had to make a number of
assumptions. For example, the Vancouver model was structured to reflect available data on
prevalence of workplace violence ever and in the last 6 months, given the absence of frequency
data, which results in a conservative model assumption that a maximum of one event of each type
of workplace violence can occur in a 6 month period. In addition, due to limited data, it was
assumed that FSWs remained in their given work environment and drug injecting status for the
duration of sex work in the Vancouver model, which is unlikely to be an accurate representation
of reality. In the Kenya model, a key assumption made due to limited data, was that rates of
violence and the magnitude and duration of effect of violence on ICU and HIV testing uptake

among older FSWs was the same as for young FSWs. There were also a limited amount of data
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for model fitting and comparison of baseline model projections to empirical estimates (e.g. HIV
prevalence data among young FSWs, ART data for FSWs, and comparable violence data among
older FSWs were all sparse). However, I fitted and compared the models to as many outcomes
as was feasible, which is a strength of this analysis. This limitation also highlighted another
broader issue relating to violence research, in that although there is a growing body of data on
violence, the varying definitions and time-periods of violence make it difficult to make direct
comparisons between studies. This was also an issue in Chapter 3 when comparing my

descriptive analyses on violence to other available data in Kenya.

There are also methodological limitations with the interventions I modelled (Chapters 2 and 5),
as they make the assumption that future experiences of violence and the risks associated with
violence are totally eliminated immediately at the start of the intervention. In reality, complete
elimination of violence is unlikely, and reductions in violence and improvements in condom use
and HIV testing are more likely to occur slowly. Thus, the results are likely to be overestimates
of the impact of structural interventions. Nevertheless, the purpose of these intervention

scenarios was to provide estimates of the maximum potential impact of structural interventions.

Itis also important to note that other methodological approaches for the mathematical modelling
could have been taken, for example an individual-based model could have been used instead of a
deterministic, compartmental model. Although individual-based models are more flexible than
compartmental-based models and can incorporate more complexity, they also require lots of
data, are more computationally demanding, and can be difficult to interpret and replicate. Given
the current data limitations, I used deterministic compartmental models in my thesis.
Furthermore, modelling violence and HIV transmission is complex, and models will not be able to
capture all aspects of sex work, violence, HIV infection, treatment and care, and
migration/mobility of FSWs and their clients. In my modelling, some structural aspects were kept
as simple as possible (e.g. HIV infection and care cascade), and other assumptions were also made
for model parsimony (e.g. no interactions between violence types, no experience of violence prior
to sex work in the Kenya model, and no migration/mobility of FSWs and their clients). My aim
was to ensure that the models were as simple as possible in order to effectively interpret and
communicate results, while also being of adequate complexity to capture the key features of
interest for the research question being addressed [13-15]. The potential influence of different

simplifying assumptions made were discussed in detail in the relevant chapters.

Another broader limitation of this work, is that the findings in this thesis may not be generalisable
to other settings, due to the context specific nature of structural HIV determinants. However, as
there is a heavy burden of violence among FSWs in other settings, and these experiences of

violence have been associated with a number of negative impacts, including reduced condom use
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[2,16], it is likely that the PAF of violence would also be large in other settings. Furthermore, as
highlighted in this thesis, the dynamic model of violence I developed can be adapted to different
settings, so that the contribution of violence against FSWs and potential impact of violence

interventions can be investigated elsewhere.
6.5 Implications and future research directions

6.5.1 Kenya

The work in this thesis has a number of important implications for the HIV response and for FSW
programmes in the Kenyan setting. Taken together, the results highlight the need to prevent and
address violence against FSWs as part of the HIV response in Kenya, in order to improve the
health and safety of YFSWs. The heavy burden of violence and other vulnerabilities among young
FSWs in Mombasa, emphasise the importance of reaching YFSWs and linking them to sex work
programmes, violence prevention and response services, and other health, HIV prevention and
care services. FSW programmes in Kenya will need to prioritise young sex workers, and enable
them to understand violence, understand their rights and inform them about violence prevention
and response services within and outside the programmes, and should have good assessment and
screening processes in place (e.g. during their intake process) to ask YFSWs about their
experiences of violence. YFSWs are at risk for violence and HIV, but are often a particularly hard
population to reach, so future qualitative and quantitative work is needed to elucidate how best
to reach YFSWs with the services and support they need. Violence prevention and response
services themselves could provide an opportunity to identify YFSWs who have not yet been
reached and enrolled in HIV programmes. The results also offered some insights for violence
prevention strategies. For example, YFSWs with a regular source of income had a lower
prevalence of violence, so implementing and targeting economic strengthening or empowerment
interventions could help to reduce violence among YFSWs. Furthermore, the high prevalence of
police physical assault and arrest reported highlights the importance of fostering positive
partnerships with police as a key component of the HIV response for FSWs in Kenya. Prevention
strategies that are targeted to and directly involve other perpetrators of violence, such as intimate
partners and clients, should also be considered [17,18]. For example, in Karnataka, India, a multi-
level intervention programme, called Samvedana Plus, works with intimate partners of FSWs, as
well as with FSWs themselves, the sex worker community and the general population, with the
aim of reducing violence and increasing condom use within FSWs intimate partner relationships
[17]. The programme, which is being evaluated using a cluster RCT approach, involves shifting
norms about beating as a form of discipline, challenging gender roles, and encouraging gender

equity and respect in intimate partner relationships [17].
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To understand the effectiveness of different strategies to reduce violence against YFSWs in Kenya,
it will be important to undertake violence intervention trials and evaluate any new or existing
violence prevention components of FSW programmes, utilising pre-designed surveys to examine
how the burden of violence among YFSWs changes. To help hone the important questions and
definitions of violence to use in monitoring surveys for trial and programme evaluations,
additional quantitative and qualitative research is needed to provide more information on the
types of violence affecting YFSWSs, which is differentiated to look at specific types and

perpetrators of violence in more detail.

The work also underscored the importance of addressing the long-term negative effects of
violence for an effective HIV response. Particularly, it is important that future quantitative and
qualitative work is undertaken to better understand the relationship between violence and
condom use and why condoms are not used, so that strategies can be implemented to reduce the

long-term elevated risks of ICU among YFSWs who have experienced violence.

Future quantitative and qualitative work should continue to further explore the effects of violence
and the plausible mediating pathways between violence and HIV among YFSWs in Kenya, in order
to identify priority areas and potential targets for HIV intervention programming. In particular
it is important to further determine how violence influences YFSWs interactions with HIV
prevention and care along the full HIV care cascade continuum. In my analyses, I found that
violence was associated with reduced uptake of HIV testing, but I was unable to examine the
influence of violence on linkage to care, uptake of ART, retention on and adherence to ART and
viral suppression, as very few YFSWs in the Transitions study self-reported being HIV positive,
and so very little data on the HIV treatment cascade could be collected. In a previous study of
older HIV positive FSWs in Mombasa, Kenya, intimate partner violence was not found to be a
barrier to ART adherence and was unexpectedly associated with significantly lower risk of
detectable viral load [19]. Future work should continue to explore the impact of different types
of violence, including workplace violence, on FSWs engagement in the HIV care cascade in Kenya.
Interestingly, although I found that violence was associated with reduced uptake of HIV testing,
my modelling analyses did not show a large increase in ART coverage when violence was
eliminated, because of the already high levels of HIV testing among FSWs and the low initiation
of ART once diagnosed, and suggested that the negative effect of violence on HIV testing uptake
has a marginal contribution to HIV transmission. This contradicts the hypothesis that addressing
structural factors would be important for scaling up ART. However, studies have highlighted that
improving only one stage of the HIV care cascade may have negligible impacts on HIV outcomes
and ART coverage [20,21]. Thus, itis likely that other deficiencies in the HIV care cascade of FSWs

in Kenya must also be addressed to improve the coverage of HIV positive FSWs who are on ART
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and virally suppressed, and thereby reduce HIV transmission. Thus, itis important to understand
how different types of violence influences the other stages of the HIV care cascade, and
incorporate findings in future modelling work. Evaluation of violence prevention strategies in
FSW programmes or trials (e.g. quantitative and qualitative surveys) should also seek to monitor
their impact on HIV related risk and prevention outcomes, such as HIV prevalence, condom use,

uptake of HIV testing and treatment, in addition to monitoring changes in the burden of violence.

The modelling work could also be extended to include other young women in Kenya and other
non-client male sexual partners, in order to more broadly examine the influence of violence
against young women on HIV transmission in Mombasa, Kenya. This would also allow the model
to take into account my findings that some forms of violence (physical violence and police assault
or arrest) were associated with higher levels of inconsistent condom use with intimate partners
of FSWs. Currently, the model only considers FSW and client partnerships, and so is likely to
underestimate the contribution of violence against FSWs to HIV transmission in Mombasa.
Future modelling work could also benefit from considering additional intervention scenarios. For
instance, it would be useful to simulate more realistic scenarios which instead of assuming all
violence is eliminated reflect the impact that interventions have had on reducing violence. For
example, in Karnataka, India, a structural intervention to address violence within a large-scale
HIV prevention programme (Avahan), led to significant reductions in the proportion of FSWs
being raped in the past year; reducing by two-thirds from 30% in 2007 to 10% in 2011 [22].
Furthermore, between the 2008 and 2011 follow-up surveys there were also reductions in police
arrestin thelastyear (5.5% vs 3.0%) and physical violence by non-partners in the last year (8.4%
vs 5.5%) [22]. A separate analysis of Avahan in Andhra Pradesh, India, also found that police
arrests reduced significantly from 16.8% in 2006-2007 to 8.8% in 2009-2010 [23]. In Mombasa,
Kenya, an alcohol harm reduction intervention among FSWs who were moderate risk drinkers,
was also associated with significant reductions in violence [24,25]. For example, in the
intervention group, physical violence from non-paying partners reduced from 32.0% at baseline
to 9.4% after only 6 months post-intervention [25]. If other young women in Kenya and other
non-client male sexual partners were included in the model, results from general population
community mobilisation programmes, such as SASA!, in Uganda, which achieved significant
reductions in women'’s experiences of intimate partner violence, could also potentially be useful
in simulating realistic intervention scenarios for reductions in intimate partner violence among

women in Mombasa, Kenya [26].
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6.5.2 Vancouver

Taken together, my modelling results highlighted the importance of designing and implementing
multi-component interventions that address multiple types of violence in Vancouver, Canada,
while also ensuring that FSWs who have experienced client violence are identified and linked to
comprehensive care and support services in order to address the long-term negative effects of
violence on ICU. Importantly, this work also demonstrated the potential benefits that addressing
police harassment could have on reducing client violence, which highlights the importance of
working with police in Vancouver to improve FSWs safety. A number of the future directions of
work described above for the Kenya modelling work would also be relevant to the Vancouver
setting. For instance, the modelling work could be extended to consider the impact of violence
and violence interventions on HIV care cascade outcomes [27]. Other structural factors which
are associated with poor HIV prevention and care outcomes, could also be considered in future
modelling work. For instance, a recent longitudinal analysis among sex workers in Vancouver,
enrolled in AESHA, found that incarceration was independently correlated with experiencing gaps
in ART use over a 2.5 year period [28]. More realistic intervention scenarios, could similarly be
simulated in future work. Future modelling work could also consider simulating the impact of
changes in client violence/and or police harassment due to the recent changes in policy and law
enforcement approaches for sex work in Vancouver (e.g. Bill C-36, that criminalises clients of sex

work) [29].

6.5.3 Mathematical modelling

The modelling analyses conducted had a number of setting specific implications and future
directions, which were highlighted in the above sections. These analyses also provided some
broader insights for future modelling studies of violence and HIV. For instance, sensitivity
analyses I conducted highlighted that the model estimates for the magnitude of impact of violence
interventions were particularly sensitive to the parameters and assumptions made on the effects
of violence (e.g effect of violence on ICU in Vancouver and Kenya, and effect of police harassment
on client violence in Vancouver). This highlights the importance of gathering more and better
data to reduce the uncertainties and strengthen the evidence for the mediating pathways
between violence and HIV, for example through longitudinal studies, and also emphasises the
need to use data that is context specific in future modelling studies. This will be essential to more
robustly estimate the potential effects of structural interventions using mathematical modelling,
and in the absence of such data, highlights the need to conduct and report the results of sensitivity
analyses in future modelling studies. The modelling results also highlight that further work is
needed to explore whether dynamic mathematical models can be useful in estimating incidence

of violence.
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6.6 Modelling structural determinants of HIV in the sex work context:

framework and data requirements

In the previous sections [ discussed possible directions of further modelling work in each setting.
Here, I provide a framework for thinking about how to model structural factors dynamically
(Figure 6.1), using violence as a case example, in order to help guide the design of future
modelling studies of structural factors and HIV in the sex work context. Insights from the
modelling work in this thesis were used in the development of this framework. I also discuss the
data needs and gaps in data for modelling studies of structural factors and HIV. Although focussed
on the sex work context, this framework and issues discussed can be useful in modelling other
structural HIV determinants for other key populations. The framework mainly considers
structural factors that relate to discrete events (such as experiences of violence), but the
principles could still be adapted and applied to structural factors which are more of a continual
process, such as stigma. Modelling structural factors dynamically rather than statically is at the
core of this framework. Modelling violence dynamically, as was done in this thesis, and as is
recommended for future studies, allows you to capture changes in structural factors over time,
recurrence of exposure to structural factors, and interactions between structural factors.
Dynamic models can be compartmental or individual-based, but due to current data limitations,

compartmental models will be used to illustrate the issues discussed in the following sections.

Model development and parameterisation

Analysis
: Effect of structural . Model calibration |:> - Counterfactuals
It)yna;mlcl factor on HIV ?ynam!c HIV |:> and cross- - Sensitivity
structura ransmission validation analyses

model model

component component

Influenced by: context specific data; data availability; and research questions

Figure 6.1 Framework for dynamically modelling structural determinants of HIV
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6.6.1 Model development and parameterisation, using violence as a case example
Structural model component development

Similar to choosing an adequate structure when modelling the natural history of infectious
diseases (e.g. SIR, SEIR), different model structures can be used to summarise the life course of
exposure to a structural factor, such as violence, and their associated effects on risk of HIV
acquisition and transmission among FSWs. In theory, the model can be divided into as many
states as needed. However, in practice, this will be influenced primarily by data availability, the
context specific patterns and effects of the structural factor and related interventions in the

setting of interest, and the research questions of interest.

For example, as illustrated in Figure 6.2, the population of interest (i.e. FSWs) could be divided
into states representing the frequency of exposure to the structural factor (e.g. never experienced
violence, experienced violence once, experienced violence twice, and experienced violence three
or more times) (Figure 6.2A), or states which represent different time-periods of exposure to the
structural factor (e.g. never experienced violence, recent violence experience, and non-recent
experience of violence) (Figure 6.2B). The first structure would be suitable for example if there
was empirical evidence that the effects of the structural factor on HIV were compounded the more
times a FSW had been exposed to that structural factor. The second structure would be suitable
if empirical evidence suggests that the effects of the structural factor on HIV change with time
since exposed (e.g. violence may elevate the risk of non-condom use in the short term but not the
long-term [2]). Time-periods of exposure included in the model will depend on the structural
factor of interest, survey items utilised (e.g. Have you ever been forced to have sex? Were you

forced to have sex in the last 6 months?), and the associated risks in different time-periods.

A
Never experienced Experienced Experienced | Experienced vioclence
violence violence once violence twice three or more times
B
No experience Recent experience Non-recent
of violence of violence < experience of violence

Figure 6.2 Example model structures for the violence component. The boxes represent each mutually
exclusive state of violence exposure, and the arrows represent the rates of flow into and out of each state
of violence.
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The model could also be structured to summarise the life course and associated effects of multiple
types of structural factors (e.g. different types of violence, or violence by different perpetrators)
(Figure 6.3). Introducing multiple structural factors in the model can be done in two main ways.
First, the most exhaustive way is to represent all combinations of the different structural factor
exposures (as was done in Chapters 2 and 5), allowing full flexibility, and allowing the model to
represent effects associated with exposure to multiple structural factors in the same time-period
(Figure 6.3A). Second, a simpler model, which may be more hypothesis-driven (e.g. Shannon et
al [2]), can be developed to represent separate states for the different structural factors (Figure
6.3B). Incorporating multiple structural factors can also allow the model to represent
interactions between structural factors (e.g. effect of police harassment on increasing risk for
client violence), and pathways between structural factors (e.g. client sexual violence being
proceeded by client physical violence) [2]. Interactions can be incorporated in the rates of flow
between the states of exposure (i.e. by specifying that the rates of flow for one type of structural
factor (e.g. client violence) are higher among FSWs who have already been exposed to another
type of structural factor (e.g. police harassment)). Pathways can be incorporated by placing
constraints in the model where exposure to one type of structural factor only occurs after an
individual has been exposed to another type of structural factor. Itis important that these types
of model elements are discussed with setting-specific experts when designing the structural

model component.

Further layers could also be added to the model to incorporate other factors or interventions that
shape the patterns of structural factors. For example, work environment has been found to be a
key determinant of violence among FSWs (e.g. in Vancouver), so the states of violence in a model
could be further stratified by FSWs work environment (e.g. indoor versus outdoor work
environment) (Figure 6.4), and the rates of flow between the states of violence exposure would
be specific to each work environment modelled in order to capture the heterogeneities in violence
experiences (e.g. higher rates of violence in outdoor work environments compared to indoor
work environments). Inclusion of these types of additional layers will chiefly depend on the
context and research questions of interest. For example, work environment would be included
to examine the impact of promoting safer work environments on violence, and hence HIV

transmission [2].

However, if the model structure becomes too complex, with too many states, it would be

important to consider using an individual-based model.
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A

No physical violence;
No sexual violence

Recent physical violence;
No sexual violence

No physical violence;
Recent sexual violence

Previous physical violence;
No sexual violence

Recent physical violence;
Recent sexual violence

No physical violence;
Previous sexual violence

Previous physical violence;
Recent sexual violence

Recent physical violence;
Previous sexual violence

No violence

Previous physical violence;
Previous sexual violence

|

Recent physical violence

PR—

Previous physical violence

‘ Recent sexual violence I:I Previous sexual violence ‘

Discussion

Figure 6.3 Example model structures when considering multiple types of violence. The boxes
represent each mutually exclusive state of violence exposure, and the arrows represent the rates of flow
into and out of each state of violence.

Indoor-based FSWs

No experience Recent experience
of violence of violence
Outdoor-based FSWs
No experience Recent experience
of violence of violence

Non-recent
experience of violence

Non-recent
experience of violence

Figure 6.4 Example of model structure taking into account heterogeneous experiences of violence.
The boxes represent each mutually exclusive state of violence exposure, and the arrows represent the rates
of flow into and out of each state of violence.

HIV transmission component development

The HIV transmission component of the model will not be discussed in detail here. As with other

models of HIV, or other infectious diseases, it should reflect key features of the natural history of

HIV infection and HIV treatment, and the force of HIV infection should take into account key

biological and behavioural factors that influence risk of HIV acquisition and transmission in a

given setting. The key consideration here is how structural factors are assumed to influence the
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force of infection, as the model structure needs to allow these relationships to be incorporated
e.g. if violence affects retention on ART, it would be important to have a more detailed

representation of the HIV care cascade.
Effect of structural factors on HIV: model parameters

To model the effect of structural HIV determinants on HIV transmission among FSWs, the model
must incorporate parameters that describe how different states of structural exposures in the
structural model component affect HIV transmission (i.e. the force of HIV infection) in the HIV
model component. This requires an understanding of the pathways and mechanisms through
which different types of structural factors directly or indirectly impact on FSWs risk of HIV
acquisition and transmission in both the short and long-term in a given setting. For example, as
highlighted in Chapter 1, there are a number of pathways and mechanisms through which
violence is thought to increase FSW’s risk of HIV acquisitions and transmission, and these are
summarised in Figure 6.5. Model inputs will need to specify how much each state of a structural
exposure effects a particular component of the HIV transmission dynamics model (e.g. what is the
relative risk [RR] of inconsistent condom use among FSWs who have recently experienced
violence compared to those that have never experienced violence?). The model will assume a
causal relationship between the structural factor and HIV, so it is important that the relationships

modelled come from sound data (see Section 6.6.4 for further discussion on data needs).

Interpersonal-partner behavioural risk factors:
- Reduced condom use
- Increased anal sex

- Increased number of sexual partners
- Perpetrators of violence have higher risk sexual
/ behaviours and are more likely to be HIV positive \
Increased risk of
Exposure to HIV acquisition and

violence transmission
U \ Individual biological and behavioural risk factors: /

- Genital injury

Re-victimization - STl infection

- Reduced uptake of health and HIV prevention services
(including HIV testing and treatment)

- Increased alcohol and substance use

- Reduced psychological well-being

Figure 6.5 Illustration of pathways and mechanisms through which exposure to violence increases
FSWs risk of HIV acquisition and transmission
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6.6.2 Model calibration and cross-validation

Calibration to observed data is an important part of any modelling study. HIV transmission
dynamics models are typically calibrated to data on HIV prevalence, HIV incidence, and/or
coverage of existing HIV interventions such as uptake of ART, using different statistical
techniques such as least-squared, or maximum likelihood methods [15]. To calibrate a dynamic
model of structural HIV determinants and HIV transmission, similar approaches can be used. For
example, in the case of violence, the model could be calibrated to data on the prevalence or
incidence of violence among FSWs, and/or existing coverage of violence focussed structural
interventions among FSWs. (Calibrating the structural model component within a Bayesian
framework, where multiple parameter sets that fit the data are identified and used for analyses
[30], could be a particularly valuable approach when the model has complex structural factor
dynamics and multiple uncertain structural-related parameters. When this is the case, using only
one parameter set could lead to biased model estimates. Cross-validation to independent

structural-related model outcomes is also important as a cross-check for the model predictions.
6.6.3 Model analysis

Counterfactual scenario considerations

In the context of structural HIV determinants and structural HIV interventions, counterfactual
scenarios can provide estimates of model outcomes when the effects of the structural factor on
HIV acquisition and transmission have been removed, which can be used in estimating the
contribution of structural factors to HIV transmission and estimating the potential impact of
structural interventions. This type of counterfactual scenario could be generated in two main
ways. First, by eliminating exposure to the structural factor (e.g. setting the rates of exposure to
the structural factor to zero), and second, by eliminating the associated effects of the structural
factor (e.g.if in a baseline scenario there is an increased relative risk for inconsistent condom use
among FSWs exposed to violence (i.e. RR > 1), this relative risk would be set to 1 in the
counterfactual scenario (i.e. RR=1)). These different types of counterfactual scenarios (i.e.
removing exposure to the structural factor compared to removing the associated effects of the
structural exposure) can produce different model estimates that have different prevention
implications. The choice of counterfactual scenario used will chiefly depend on the research
question of interest (e.g. a scenario eliminating exposures to violence may be used to provide
estimates of the potential impact of a violence prevention programme, or a scenario eliminating
the long-term negative effects of violence on condom use may be used to provide estimates of the
potential impact of an intervention focused on mitigating the impacts of violence on FSW’s HIV

risks). Depending on the research question of interest, other counterfactual scenarios could also
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be generated, for instance, where exposure to a structural factor is only partially removed, or

where only one specific effect of a structural factor is removed.

Sensitivity analysis considerations

Given that modelling of violence and HIV transmission among FSWs is in its infancy, and that data
on violence, the effect of violence on HIV transmission, and the impact of violence interventions
on violence and HIV risk is often limited and uncertain, sensitivity and uncertainty analyses will
be particularly important as this field of modelling emerges. Parametric sensitivity and
uncertainty analyses are important for testing the robustness of results to uncertainties in
parameter values and for highlighting which parameters contribute the most to uncertainty in
the model outcomes, which parameters are most important to estimate and need more data, and
which parameters are important to include in models [31,32]. Exploring structural uncertainty
if possible is also important for determining if model complexity can be reduced while conserving
sufficient accuracy in the model outputs [33]. Developing dynamic violence model components
of varying levels of complexity and comparing the outputs from these models, could be a means

of exploring the sensitivity of the models results to uncertainty in the model structure [33].

6.6.4 Data requirements

For dynamical models of structural HIV determinants, data related to the structural factors of
interest are needed in the following four domains: i) burden of the structural factor/s, ii)
interactions between structural factors, iii) effect of the structural factor/s on HIV risk and
acquisition, and iv) intervention data. Table 6.1 gives an example of the data requirements for

modelling violence.

i) Burden of the structural factor: At a minimum we need data on the prevalence of structural
factors, which can be obtained from survey items in cross-sectional studies (e.g. were you forced
to have sex in the last 6 months). Ideally, for some structural factors (e.g. violence) we also need
frequency data, which could also be collected in cross-sectional studies (e.g. how many times in
the last 6 months were you forced to have sex), or incidence data from longitudinal studies.
Frequency and incidence data for structural factors are not often reported. Often with structural
factors, such as violence, there may be issues with disclosure and recall bias, so asking precise
questions over defined periods of time (e.g. by type of perpetrator, in the case of violence) could

help to address these issues [34,35].

ii) Interactions between structural factors: Additional data is also needed to determine whether

different types of structural factors interact (i.e. does exposure to one type of structural factor
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increase your risk for experiencing another type of structural factor). The type of data needed
here (i.e. relative risks), would ideally be obtained from longitudinal studies, but can also be
obtained from cross-sectional studies. It would also be important that experts are consulted

about plausible interactions and directions of association to include in the model.

iii) Effect of the structural factor on HIV acquisition and transmission: At a minimum, we also need
data on how a structural factor affects FSW’s risk of HIV acquisition and transmission, and how
this effect varies over time and/or by different exposure events. Similar to above (ii), the type of
data needed here (i.e. relative risks), would ideally be obtained from longitudinal studies, but can
also be obtained from cross-sectional studies. To date these types of data in the sex work context
are most often from cross-sectional studies. Mediation analyses could also help to inform the key
mediating factors to include in the model, and would help strengthen the evidence for causal

pathways that may be assumed in the model.

iv) Intervention impact and coverage: ldeally data would be needed to understand the potential
impact of a structural intervention on the structural factor of interest (e.g. for a scenario which
simulates a realistic reduction in a structural factor), and on the effects associated with a
structural factor (e.g. to what extent can the effects of structural factor be mitigated by a
structural intervention, which again would be useful for generating more realistic counterfactual
scenarios). These types of data could come from evaluations of existing and future structural and
violence-related interventions, such as randomised controlled trials [17,24], and repeated cross-
sectional surveys (e.g. Avahan [22,23]). Depending on the research question, data may also be
needed on the coverage of an existing structural intervention (e.g. if the research question is to
estimate the added benefit of scaling up the existing structural intervention), which could be
obtained from specific intervention evaluations and also survey items in cross-sectional studies
(e.g. survey items could ascertain FSW’s exposure to community mobilisation [36,37]). Given the
context-specific nature of structural interventions, the impact of structural interventions may be
different across settings, so it is important that data used to inform certain types of counterfactual
scenarios is as setting-specific as is feasible. In addition, there may be inconsistent and
unintended adverse outcomes of structural interventions (e.g. measured levels of violence can
initially go up following a violence intervention, due to negative reactions from clients and
intimate partners and increased willingness and capability among FSWs to report incidents of
violence [38-40]. It is important that inconsistent or adverse outcomes from structural
interventions are monitored and understood, and taken into account when parameterising the
model and defining counterfactuals to estimate the impact of structural interventions on HIV

transmission among FSWs.
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Currently, there is a dearth of data on the life course and effects of structural factors, and impact

of structural interventions among FSWs.

Gathering more data would help to improve the

development and predictions of dynamic mathematical models [2,41,42]. As more data becomes

available, this should be reflected in new models that are developed, and incorporated into

existing models.

Table 6.1 Examples of data related to the structural factor of interest that are needed for dynamic
models of structural HIV determinants, using violence as an example. In general, the examples in

the table are not specific to any type or perpetrator of violence.

Type of data

Examples of types of information
required and questions that could be
used to collect required data (e.g. from
observational studies, RCTs, bio
behavioural surveys, routine data)

How might this data be used in the
modelling process (i.e. to inform
model development, model
parameterisation, model
calibration, and/or definition of
counterfactual scenarios)

Burden and interactions

Prevalence of violence

Have you ever experienced violence?
Have you experienced violence in the past
month/6 months/year?

Model development, parameterisation
and calibration

Frequency of violence
(or incidence)

How often did you experience violence in the
past month/6 months/years?

How many men forced you to have sex and/or
physically hurt you in the past month/6
months/year?

Model development, parameterisation
and calibration

Interactions between
different types of violence

E.g. relative risk of client violence if recently
experienced police harassment compared to
not recently experiencing police harassment

Model development, parameterisation

Effect of violence on HIV
acquisition and
transmission

Effect on interpersonal-
partner behavioural HIV
risk factors (short and/or
long term effects)

E.g. relative risk of inconsistent condom use if
ever or recently experienced violence

Model development, parameterisation
and definition of counterfactual
scenarios

Effect on individual
biological and behavioural
HIV risk factors (short
and/or long term effects)

E.g. relative risk of ART interruptions if ever or
recently experienced violence

Model development, parameterisation
and definition of counterfactual
scenarios

Impact and coverage of
violence interventions

Impact on violence
experiences (short and/or
long-term impacts)

E.g. reduction in proportion of FSWs
experiencing violence

Model development, parameterisation
and definition of counterfactual
scenarios

Impact on HIV risks
associated with violence
experiences (short and/or
long-term impacts)

E.g. reduction in inconsistent condom use
associated with past experiences of violence

Model development, parameterisation
and definition of counterfactual
scenarios

Coverage

E.g. proportion of FSWs exposed to violence
intervention

Model development, parameterisation
and definition of counterfactual
scenarios
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6.7 Concluding remarks

To mitigate and ultimately end the HIV/AIDS epidemic it is crucial that there is an effective HIV
response for priority and key populations. Given the important role of structural factors in HIV
risk and transmission among FSWs, structural interventions and prevention approaches must be
incorporated into HIV prevention programmes for FSWs. As such, there is a need to better
understand the patterns and effects of structural HIV determinants, and the effectiveness of
different types of structural interventions on reducing HIV transmission, in order to inform the
design and implementation of effective structural HIV prevention approaches for FSWs. The
work in this thesis responded to this need, by investigating violence against FSWs, a key and
pervasive structural driver of HIV in the sex work context. This work adds to the limited literature
on the burden and effects of violence among YFSW; extends the emerging field of modelling
structural HIV determinants and structural HIV interventions in the sex work context; and
provides insights and guidance for future modelling studies, to help understand the impact of

structural factors and structural interventions on HIV transmission.
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Abstract
Purpose: We aimed to characterize the antiretroviral therapy (ART) cascade among female sex workers (FSWs) globally.

Methods: We systematically searched PubMed, Embase and MEDLINE in March 2014 to identify studies reporting on ART
uptake, attrition, adherence, and outcomes (viral suppression or CD4 count improvements) among HIV-infected FSWs
globally. When possible, available estimates were pooled using random effects meta-analyses (with heterogeneity assessed
using Cochran’s Q test and I? statistic).

Results: 39 studies, reporting on 21 different FSW study populations in Asia, Africa, North America, South America, and
Central America and the Caribbean, were included. Current ART use among HIV-infected FSWs was 38% (95% Cl: 29%-48%,
1 =96%, 15 studies), and estimates were similar between high-, and low- and middle-income countries. Ever ART use among
HiV-infected FSWs was greater in high-income countries (80%; 95% Cl: 48%-94%, | = 70%, 2 studies) compared to low- and
middle-income countries (36%; 95% Cl: 7%-81%, |° = 99%, 3 studies). Loss to follow-up after ART initiation was 6% (95% Cl:
3%-119%, I>=0%, 3 studies) and death after ART initiation was 6% (95% Cl: 3%-11%, I°=0%, 3 studies). The fraction
adherent to =95% of prescribed pills was 76% (95% Cl: 68%-83%, I* = 36%, 4 studies), and 57% (95% Cl: 46%-68%, I* = 82%,
4 studies) of FSWs on ART were virally suppressed. Median gains in CD4 count after 6 to 36 months on ART, ranged between
103 and 241 cells/mm?® (4 studies).

Conclusions: Despite global increases in ART coverage, there is a concerning lack of published data on HIV treatment for
FSWs. Available data suggest that FSWs can achieve levels of ART uptake, retention, adherence, and treatment response
comparable to that seen among women in the general population, but these data are from only a few research settings.
More routine programme data on HIV treatment among FSWs across settings should be collected and disseminated.
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Introduction cascade. This cascade involves a series ol actions, starting with
HIV screening/testing, and followed by linkage to HIV care after
HIV diagnosis, retention in pre-ART care prior to ART initiation,
mitiation of ART once eligible for treatment, retention on
treatment once ART is started, and then maintenance of good
ART adherence in order to achieve viral suppression and

By reducing HIV viral load and helping to restore immune
function, antiretroviral therapy (ART) has led to substantial
reductions in HIV-attributable mortality and morbidity and has
greatly improved the quality of life for people living with HIV.
Evidence also indicates that individuals on effective ART are less
likely to transmit HIV [1-5]. This evidence has sparked great
interest in ART-based HIV prevention approache

immunological improvement [7-9]. However, evidence indicates
that many individuals are lost at cach stage of the cascade, and
many individuals are diagnosed late, only initiating ART at the
onset of symptoms [8-11].

s, including
“I'reatment as Prevention’ (TasP), which aims to expand ART
coverage among HIV-infected individuals in order to help reduce

L . Female sex workers (FSWs) are a population at high risk of
HIV transmission at a population level [6]. N d PoL g

acquiring and transmiting HIV infection, and in many HIV
epidemics bear a disproportionately larger burden of HIV [12
14]. Worldwide, the HIV prevalence among FSWs is 12%,

Successful treatment can sustain viral suppression and lead to
immunological improvement among those that are HIV-infected,
but requires that individuals engage and remain in the HIV care
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ranging between 1.7% in the Middle East and North Africa to
36.9% in Sub-Saharan Africa, and FSWs have a pooled odds ratio
of HIV infection compared to women in the general population of
14 [13]. Thus, FSWs remain a key population for HIV prevention
strategies, Ensuring high levels of ART uptake, adherence and
retention among FSWs, would provide not only individual benelits
to HIV-infected FSWs, but could also help reduce HIV
transmission at the population level [15,16].

With the high burden of HIV among FSWs and the potential
merits of expanding ART in populations at high risk of
transmitting HIV [15,17], it is crucial to understand the extent
to which FSWs currently access ART, and continue ART with

good adherence. We conducted a systematic review to summarise
the existing information on the following events in the HIV care
cascade among FSWs globally: ART uptake, ART attrition,
adherence, and treatment response (viral suppression and CD4
count improvements).

Methods

Our systematic review and meta-analysis was conducted and
reported in accordance with PRISMA and MOOSE guidelines
(see Checklist S1) [18,19].

Search Strategy

Our search strategy was conducted in three stages. First, we
scarched PubMed, Embase and MEDLINE for studies published
up until 10" March 2014, The search terms (keywords and
medical subject heading terms) reflected three key domains: HIV/
AIDS, FSWs and ART (see Table 1 for combinations of search
terms used). There were no language restrictions. Following
removal of duplicate references, abstracts were screened  for
exclusion. If stu

and relevant rev
additional publications. Finally, for completion, whenever an
eligible study analysed data from a specific FSW cohort, a
supplementary database search was conducted, using the name
and location of the FSW cohort and corresponding author names
as search terms, to find any additional publications. Authors were
contacted for additional information and supplementary data
when needed. One reviewer conducted the search, reviewed
abstracts, and evaluated full text articles for eligibility. Any queries
on article eligibility were discussed and resolved with other team
members.

Appendix A
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Inclusion and Exclusion Criteria

We included observational or intervention studies with a sample
size of at least 10 FSWs that reported estimates or sullicient data to
derive the following ART cascade outcomes: ART uptake
(specifically the fraction of all HIV-infected individuals or the
fraction of all ART-eligible individuals, who either initiated ART
within a specified follow-up period, currently use ART, or ever
used ART (no time-frame for ART initiation specified]), ART
attrition (specifically the fraction using ART who were either lost-
to-follow-up, died or discontinued AR'T, or the fraction of
treatment-experienced individuals no longer on ART), ART
adherence (specifically the fraction achieving a predefined
threshold of adherence e.g. =90%, =95%, 100%), viral suppres-
sion (specifically the fraction with undetectable plasma viral load
following ART initiation), and CD4 counts at and/or afier ART
initiation (specifically the median CD4 count, median CD4 count
gain, or fraction with CD4 counts <200, 200-499 or =500 cells/
mm?). We included studies which reported on the same study
population il the studies provided estimates of different ART
cascade outcomes for that study population or provided estimates
for that study population on the same AR'T cascade outcome over
different time periods.

We included studies that enrolled active or former FSWs,
women who engage in sex work or transactional sex, or women
who exchange sex for money, drugs or gifis. “Active” FSWs were
defined as women who either reported sex work as their
employment at enrolment, or within the previous 6 months.
“Former” FSWs were those that either reported sex work as a
former occupation at enrolment, reported transactional sex more
than 6 months ago, or were no longer sexually active. We excluded
review articles, mathematical modelling studies, qualitative studies
and conference/oral/poster abstracts.

Data Extraction

One reviewer extracted data from included articles, and any
queries during data extraction were discussed and resolved with
other team members. Variables extracted included study charac-
teristics (e.g. study design, study period and sample size ol FSWs),
participant characteristics (e.g. HIV status and illicit drug use),
outcome estimates (or the data to calculate them), and the time
period over which estimates were measured. Exact binomial
confidence intervals (CI) for proportions were derived when not
provided. Each study could provide information on multiple ART
cascade outcomes and/or on the same AR'T cascade outcome over
different time periods. Multiple studies could provide different
AR'T cascade estimates for the same study population.

We also extracted information on AR'T initiation criteria and
ART administration in order to provide a background to the local
context for included studies. To assess risk of bias in included
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Table 1. Search Terms Used For Search Strategy.

Domain Search Terms

HIV “HIV" OR “human immunodeficiency virus” OR “AlIDS” OR “acquired immune deficiency syndrome’
AND

FSWs “FSW™ OR “FSWs" OR “CSW" OR "CSWs" OR “commercial sex” OR “female sex worker*” OR “commercial sex work*" OR “sex-work*" OR “sexwork*” OR
“sex work*" OR “prostitute®” OR “prostitution” OR “transactional sex” OR “paid sex” OR “money for sex” OR “sex for money” OR “paid for sex” OR “sex
in exchange for money” OR ((“core group” OR “high risk” OR “high-risk” OR highrisk”) AND (“female*” OR “women” or “woman”))
AND

ART “ART" OR “antiretroviral*” OR “anti-retroviral*” OR "HAART" OR “highly active antiretroviral therapy” OR “cART" OR “combined antiretroviral therapy”

doi:10.1371/journal.pone.0105645.t001
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studies, we also extracted the following study characteristics: study
setting and recruitment, type of sampling, and outcome measure-
ment methods. No studies were excluded from the systematic
review or meta-analysis on the basis of this assessment, but the
potential impact of these characteristics on study results was
considered when interpreting overall findings.

Data Analysis

We firstly describe key characteristics of all included studies and
the total number that provide estimates for the different ART
cascade outcomes. We then summarise the results from different
studies for each outcome. Given that several studies could provide
information on the same study population, we give both the
number of studies (N;) and the number of independent study
populations (N,) when summarising the study characteristics and
AR'T cascade outcome estimates.

All available study estimates are presented on forest plots in the
main text and are also reported in Tables S1-85. On all forest

plots, study estimates are grouped by country income (high-
income (HI) versus low- and middle-income (LMI)), and ordered
by study-period, follow-up period, or time on ART.

For each outcome with at least 2 study estimates available from
different study populations, we calculated an overall pooled
estimate, and when possible performed sub-group meta-analyses
by country income (i.e. HI versus LMI). These results are reported
in the main text and are also presented on forest plots. As time
period of data collection could influence HIV treatment outcomes,
in particular ART uptake outcomes, we did additional sub-group
analyses for ART uptake outcomes in order to address this issue. If
the time period of data collection for any estimates of AR'T uptake
spanned the pre-HAART and HAAR'T era, sub-group meta-
analyses were performed if possible by year of data collection (i.e.
data collected in the pre-HAART to HAART era versus data
collected in the HAART era) for that ART uptake outcome.
These results are reported in the main text. We did not pool study
estimates for outcomes relating to median CD4 count. For all
other outcomes, we pooled study estimates using a DerSimonian
and Laird random effects model on the logit scale, and then back-
transformed the overall pooled estimate to the original scale. We
assessed heterogeneity across study-estimates using the Cochran Q.
homogeneity test, which assesses whether differences in study
estimates are due to chance alone (typically a p-value <0.1 or
<0.05 indicates heterogeneity between study estimates), and the 12
statistic, which measures the percentage of variation across study
estimates that is due to heterogeneity rather than chance (the
higher the I value the greater the heterogeneity between study
estimates) [20,21]. Meta-analyses were conducted using the ‘meta’
package in R (Version 3.0.0).

When pooling estimates, we only included study estimates with
sample sizes of at least 10 FSWs. Study estimates with an unknown
numerator and denominator were not included in any pooled
estimates, and for ART uptake outcomes any study estimates with
an unknown study period were not included in pooled estimates. If
a study provided estimates of an outcome over different time-
periods, we only used one estimate (the most recent estimate from
each study) for pooling. If more than one study reported estimates
of a given outcome for the same study population, we only used
one estimate per study population (the study estimate with the
largest sample size) for pooling. Study estimates that were included
in overall or subgroup pooled estimates are indicated in forest plots
and tables with a star symbol (¥).

PLOS ONE | www plosone.org
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Results

Search Results and Study Characteristics

The search strategy and process of article selection is described
in Figure 1. Of 3081 unique publications identified in our original
search, 28 met the inclusion criteria (Figure 1). Additional studies
were then identified from the supplementary database search
9) and reference lists (N, =2) (Figure 1). In total, 39 studies
= 39) identified in the search were eligible to be included in our
review (Figure 1), providing data on 21 independent FSW study
populations (N;, = 21) and at least 4,700 HIV-infected FSWs [22
60]. Table 2 summarises the key characteristics of the 39 included
studies and their reported outcomes.

Figure 2 shows the
geographical location of the study settings. Study characteristics
that were extracted to help assess risk of bias are shown in Table
S6.

The majority of the 39 included studies were prospective cohort
(N;=24, N, = 11) or cross-sectional (N, =N, =12) studies. There
were also a small number of intervention (Ny=N,=2) and
retrospective case-control (N, = N, = 1) studies. T'wenty-four stud-
ies were conducted in five African countries: Benin (N, =N, =1),
Burkina Faso (N;=5, N, = 1), Kenya (N;=16, N, = 3), Rwanda
(Ny=N,=1), and Zimbabwe (N, N,=1). Six studies were
conducted in two North American countries: Canada (N =4,
N,=3) and United States (N, = N,=2). Six studies were
conducted in four Asian countries: India (N, =N, =3), Russia
(N,=N,=1), Thailand (N,=N,=1), and Viemam (N, =N, =1).
Two studies were conducted in two Central America and
Caribbean countries: Dominican Republic (N;=N,=1), and El
Salvador (N;=N,,=1), and one study was conducted in South
America: Brazil (N,=N,=1). Twenty-four studies (62%) had
fewer than 150 HIV-infected FSW participants, and four studies

enrolled HIV-infected FSWs who were also injecting drug users
(IDUs) (Table 2).

Of the 39 eligible studies included, 26 reported ART uptake
outcomes, 10 reported ART attrition outcomes, 9 reported on
adherence to ART, 6 reported on viral suppression, and 17
reported on CD4 counts at and/or after ART initiation (Table 2
and Tables S1-S5). Criteria for ART initiation were reported by
only 16 studies, the majority of which reported a CD4 count
threshold for ART initiation of 200 cells/mm® (N,= 1) 28
30,32,37-39,44,46,51,54]. Other CD4 count thresholds used for
ART initiation were CD4 count <250 cells/mm” (N,;=2), CD4
count <350 cells/mm’® (N;=1), and any CD4 count (N,=1)
[23,42,48,60], and in one other study the ART initiation criteria
changed from CD4 count <200 cells/mm? to CD4 count <350
cells/mm?* during the study period (N, = 1) [56]. Other details on
ART administration were provided in some studies. For example,
studies in Rwanda and India report that ART has been provided
free of charge to those with HIV through government ART
programmes and AR'T centres, since 2003 and 2004, respectively
[40,42,46]. Studies in Canada also report that ART is provided
free of charge through provincial drug treatment programmes,
and in the United States, free AR'T is provided to all those living
with HIV [23,45,48]. In 2005, an ART programme was initiated
in the Nairobi FSW cohort in Kenya, as part of the U.S. Presidents
Emergency Plan for AIDS Relief (PEPFAR), and FSWs received
ART through the research clinic [34]. From 2004, FSWs enrolled
in the Mombasa FSW cohort in Kenya received ART through
either the study research clinic or other clinics in the area, and
FSWs enrolled in the Yérélon FSW cohort in Burkina Faso
received ART through either the study research clinic or the
Bobo-Dioulasso  University Teaching Hospital [29,32,33,37
39,49,51,54,56,57]. In another study in Mombasa, FSWs received
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Appendix A

Antiretroviral Therapy in Female Sex Workers

EEEE—— | 1120 duplicates removed

\ 4
3081 abstracts screened |

e

2144 records excluded after screening

Y

937 full-text articles assessed
for eligibility

53 full-text studies reported
relevant outcomes among

884 articles excluded after full-text review:

No FSWs and/or relevant outcomes (N,.=810)
FSW sample size <10 (N, =14)

Qualitative results only (N, =6)
Conference/Oral/Meeting/Poster abstracts (N, =42)
Review (N, =5)

Modelling study (N, =3)

No full text (N; =4)

samples that included FSWs

.

25 articles excluded:

FSW stratified outcome data not available (N=25)

A 4

28 eligible full-text studies

A4
39 eligible studies included in

11 additional eligible studies:

Reference lists (N,=2)
Supplementary database search (N, =9)

qualitative synthesis

v

28 studies included in

quantitative syntheses
(meta-analyses)

Figure 1. Flow diagram of search strategy and study selection process. FSW = female sex worker, ART = antiretroviral therapy, N.=

number of studies.
doi:10.1371/journal.pone.0105645.g001

ART at the study research clinic, whilst in Benin FSWs accessed
ART at a medical center dedicated to FSWs [44,60].

ART Uptake

Estimates of AR'T uptake (either ART initiation within specified
follow-up periods, current ART use, or ever use of ART (no time-
frame for ART initiation specified)), among ART-eligible or all
HIV-infected FSWs, were available from 26 studies reporting on
20 independent study populations in Asia, Africa, North America,
South America, and Central America and the Caribbean
[22,24,32-34,36-38,40-43,45-50,52-55,57-60] (Figures 3, 4, 5,
Table S1). CD4 count criteria for ART initiation were reported by
only 8 of these studies (CD4 count =200 cells/mm”® (N, = 5), CD4
count =250 cells/mm’ (N,=1), CD4 count <350 cells/mm®
(N;=1) and any CD4 count (N;= 1)) (Table S1).
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Estimates of ART initiation among all HIV-infected FSWs were
provided by 6 studies reporting on 4 independent study
populations in Asia and Africa (N, =6, N, =4) (Figure 3A, Table
S1A). Across these 6 studies, 0.4% to 48% of HIV-infected FSWs
initiated ART, during follow-up periods which varied between 4
months to 16 years (N,=6, N,=4) (Figure 3A, Table S1A). The
overall pooled estimate for ART imtiaton among HIV-infected
FSWs, when pooling only one estimate per study population, was
19% (95%CL 10%-35%, 1°=96%, N, =N,=4) (Figure 3A).
Pooled estimates were lower for studies which collected data on
HIV-infected FSWs between the pre-HAART and HAART era
(6%; 95%CIL 0% 51%, I = 96%, N,=N,=2) than for studies
which collected data on HIV-infected FSWs in the HAART era
alone (37%; 95%CI: 20%-58%, 12 =91%, N,=N,=2).

One study in Rwanda provided estimates of ART initiation
among AR T-eligible FSWs (Figure 3B, Table SI1B). In this study,
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Figure 2. Map of Study Locations. Red dots highlight the countries where included studies were conducted.
doi:10.1371/journal.pone.0105645.9002

the three different study populations, the fraction of FSWs who (Figure 6C, Table S2). The overall pooled estimate of death on
died after varying times on ART ranged between 0% and 8.5% ART, when pooling the most recent study estimate per study
(N;=6, N,=3) (Figure 6C, Table S2). In two of the study population, was 6% (95% CI: 3%-11%, I7=0%, N.=N,=3)
populations in Kenya and Burkina Faso the fraction of FSWs who (Figure 6C). In one of the Kenyan cohorts, total attrition from
died whilst on ART increased over time [28,29,383951] ART, due to treatment discontinuation, loss-to-follow-up and

Population Follow-up n/N Estimate (%)
and 95% CI

A. Among all HIV +ve
Low and Middle Income
Thailand 1 [22] 1991'1998a 3/194 1.6 (0.3-4.5)* L 3
Kenya 1 [33] 1993-2006 108/571  18.9(15.8-22.4) -
Kenya 1 [32] 1993-2008 " 197/966  20.4 (17.9-23.1)* -
Kenya 1 [54] 4-24 months " 1/232 0.4 (0.0-2.4) -

>24 months *®  10/159 6.3(3.1-11.3) -
Burkina Faso 1 [38] 2003-2005 47/169 27.8 (21.2-35.2)* ——
Rwanda 1 [42] 12-36 months©  57/120 47.5 (38.3-56.8)* —i—
Overall (I’ = 95.6%, p<0.001, Ny =4%) 19.4 (9.6-35.4) ——

B. Among all ART-eligible

Low and Middle Income d
Rwanda 1 [42] 12-36 months ©  34/39 87.2 (72.6-95.7) ——

T 1 1.1t 1.1 T T T 1
0 10 20 30 40 50 60 70 80 9 100

ART initiation (%)

Figure 3. Forest plot of ART initiation among (A) all HIV-infected FSWs and (B) all ART-eligible FSWs. Study estimates are grouped by
country income and ordered by follow-up period. The star symbol (*) highlights the individual study estimates (one per study population) included in
the pooled overall estimate. 12 and p-values are the measures of heterogeneity used. * ART was provided to FSWs in the Kenyan cohort from 2004, b
Follow-up refers to months since HIV-diagnosis, study recruitment occurred between 1993 and 2009, © Follow-up refers to months since HIV-
diagnosis, study recruitment occurred between 2006 and 2008. 9 N refers to HIV-infected ART-eligible FSWs who had enrolled in HIV care following
HIV diagnosis. ART = antiretroviral therapy, FSW = female sex workers, CI = confidence interval, n= number of FSWs with each outcome, N=
sample size of FSWs available for each outcome, N, = number of independent study populations.

doi:10.1371/journal.pone.0105645.g003
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Estimate (%)
and 95% CI

Population Study-Period n/N

Low and Middle Income

Kenya 1 [49] 1993-2010° 65/282  23.0 (18.3-28.4)* -
Brazil 1 [47] 2003-2004 1/4 25.0 (0.6-80.6) =
Burkina Faso 1 [37] 2003-2005 26/273 9.5 (6.3-13.6) -
Burkina Faso 1 [57] 2007-2011 180/258  69.8 (63.8-75.3)* —-—
India 1 [46] 2007 4/19 21.1 (6.1-45.6)* —.—
El Salvador 1 [52] 2008 0/39 0.0 (0.0-9.0)* —
Zimbabwe 1 [50] 2009 151/480  31.3 (27.1-35.6)* -
India 3 [40] 2008-2009 17/35 48.6 (31.4-66.0)* ——
Kenya 2 [34] 2009 177/607  29.2 (25.6-33.0)* -
India 2 [55] 2011 252/603  41.8 (37.8-45.8)* —+
Dominican Republic 1 [53]  2012-2013 194/268  72.4 (66.6-77.7)* —a—
Kenya 2 [36] NR 19/57 33.3 (21.4-47.1) -
Subgroup (I’ = 97.1%, N, =9%) 39.3 (27.2-52.9) ———
High Income N
USA 1 [48] 1999-2000 02" 0.0(0.0-84.2) [
10/21 47.6 (25.7-70.2)* T
Canada 3 [24] 2003 14/34 41.2 (24.7-59.3)* —
Canada 2 58] 2003-2013 31/43 72.1 (56.3-84.7)* —_—a
USA 2 [41] 2006-2010 8/46 17.4 (7.8-31.4)* .
Russia 1 [59] 2007-2011 3/42 7.1 (1.5-19.5)* -
Canada 1 [45] 2011 35/88 39.8 (29.5-50.8)* —
Subgroup (I’ = 86.9%, N, =6*) 35.3 (19.8-54.7) ————
Overall (I = 95.5%, p<0.001, N, =15%) 37.9 (28.5-48.4) ———
I T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Current ART use (%)

Figure 4. Forest plot of current ART use among HIV-infected FSWs. Study estimates are grouped by country income and ordered by study-
period. The star symbol (*) highlights the study estimates (one per study population) included in the pooled overall or subgroup estimates. Only
study estimates with a known time period of data collection which were measured among at least 10 FSWs were used for pooling. I and p-values are
the measures of heterogeneity used. * ART was provided to FSWs in the Kenyan cohort from 2004, ® Sample is ‘active’ FSWs, < Sample is ‘active’ and
‘former’ FSWs. ART = antiretroviral therapy, FSW = female sex workers, CI = confidence interval, NR = not reported, n = number of FSWs with each
outcome, N= sample size of FSWs available for each outcome, N, = number of independent study populations.
doi:10.1371/journal.pone.0105645.9004

mortality, was 10% and 21%, after 6 and 12 months on ART,
respectively [28,29].

Estimates of the number of treatment-experienced FSWs that
reported no longer receiving ART, were provided by 3 studies
reporting on 3 independent study populations in Canada, USA
and Dominican Republic (N, =3, N, =3) (Figure 6D, Table 52).
Across these three studies, the fraction of treatment-experienced
FSWs that reported no longer receiving ART ranged between 8%
and 47%, with an overall pooled estimate of 26% (95% CI: 6%—
65%, I’= 93.3%, Ny =N, =13) (Figure 6D). The pooled estimate
for HI countries (43%; 95% CI: 29%-58%, = 0%, N,=N,=2),
was higher than the single LMI country estimate (8%, 95% CI:
4%-12%, Ny=N, = 1) (Figure 6D, Table S2).

Adherence

Estimates of adherence (i.e. the fraction achieving a predefined
threshold of adherence) were available from 9 studies, reporting on
7 independent study population in Africa, North America, and
Central America and the Caribbean [23,25,30,38,39,42,48,53,60]
(Figure 7, Table S3). Among these 9 studies, three reported the
availability of adherence counselling [23,38,39], one study
reported the use of directly observed therapy [30], and one study

PLOS ONE | www.plosone.org

reported that monthly support groups were used to promote
adherence [60] (Table 83). The fraction of FSWs adherent to
treatment was consistently high, ranging from 67% to 100%
(N;=9, N,=7), across the varying time periods, adherence
thresholds (=90%, =95% and 100%), recall periods (past 3 days,
past 4 days, past week, past 30 days, past month, and since ART
initiation), and methods of assessment (self-report, pill count and
visual analog scale) (Figure 7, Table S3). Estimates of the fraction
of FSWs 100% adherent to ART were highest shortly after starting
directly observed therapy (91% after 28 days on ART [30]) and at
the end of a peer-driven intervention (90.4% [23]) (Figure 7,
Table S3). Estimates of the fraction of FSWs =95% adherent to
ART increased from 83% after 6 months on ART to 100% after
36 months on ART in a cohort in Burkina Faso [38,39] (Figure 7,
Table S3). For LMI countries, the pooled estimate of adherence,
when pooling only one estimate per study population and pooling
only those estimates with a known numerator and denominator,
was 76% (95% CL 68%-83%, I* = 36%, N, =N, =4) (Figure 7).

Viral Suppression

Estimates of viral suppression (i.e. the fraction on ART with
undetectable plasma viral load), were available from 6 studies

September 2014 | Volume 9 | Issue 9 | 105645
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Population Time-Period n/N Estimate (%)
and 95% CI
Low and Middle Income
Vietnam 1 [43] 2008-2009 29/131 22.1(15.4-30.2)* ——
Kenya 3 [60] 2005-2011 15/108 13.9 (8.0-21.9)* —a—
Dominican Republic 1 [5S3]  2012-2013 210/268  78.4 (72.9-83.1)* —&
Subgroup (I* = 98.7%, N, =3%) 35.7 (6.7-81.1) e ———
High Income .
USA 1 [48] 1999-2000 172 50.0 (1.3-98.7) =
19/21 90.5 (69.6-98.8)* —a—

Canada 3 [24] 2003 23/34 67.6 (49.5-82.6)* ——
Subgroup (I’ = 70.0%, Np =2%) 79.5 (47.5-94.4) —————
()verall(l2 =97.6%, p<0.0001, N, =5%) 54.4 (21.3-84.0) ———

r T T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90 100

Ever used ART (%)

Figure 5. Forest plot of ever ART use among HIV-infected FSWs. Study estimates are grouped by country income and ordered by time-
period. The star symbol (*) highlights the study estimates (one per study Eopulation) included in the pooled overall or subgroup estimates. I and p-
values are the measures of heterogeneity used. * Sample is ‘active’ FSWs, ® Sample is ‘active’ and ‘former’ FSWs. ART = antiretroviral therapy, FSW =
female sex workers, CI = confidence interval, n= number of FSWs with each outcome, N= sample size of FSWs available for each outcome, N, =

number of independent study populations.
doi:10.1371/journal.pone.0105645.g005

reporting on 4 independent study populations in Asia, Africa, and
Central America and the Caribbean [28,38,39,43,53,56] (Fig-
ure 8, Table S4). The fraction of FSWs on ART wirally
suppressed, ranged between 40%-82% (N,=6, N,=4), across
varying time periods and definitions of viral suppression (=50
copies/mm”, =100 copies/mm’, =180 copies/mm®, =300

copies/mm”) (Figure 8, Table $4). The lowest study estimate of

viral suppression (40%) was reported in the Kenyan study
population after 3 months on ART [28], which increased to
73% after 6 months on ART [28] (Figure 8, Table S4). In the
Burkina Faso study population, the high fraction of FSWs virally
suppressed (79%-88%) after 6 to 36 months on ART, corre-
sponded to similarly high levels of treatment adherence seen over
the same time periods for these FSWs (Figure 7 & 8, Tables S3 &
S4) [38,39]. The overall pooled estimate of viral suppression, when
pooling one estimate per study population, was 57% (95% CI:
46%68%, 1% =82%, N, = N, =4 (Figure 8).

CD4 Counts at and/or after ART Initiation

Information on CD4 counts at and/or after ART initiation
(either median CD4 count, median CD4 count gain, or fraction
with CD4 counts >500, 200-499 or <200 rclls/mm:;), were
available from 17 studies reporting on 5 independent study
populations in Africa [25-32,34,35,37-39,42,44,51,56] (Figures 9
&10, Table S5). Across the studies, the CD4 count criteria for
ART initiation was either =200 cells/mm® or not reported, with
one study reporting a change in AR'T initiation criteria from CD4
count <200 cells/mm® to CD4 count <350 cells/mm”* (Table S5).

Median CD4 counts at and/or after ART initiation were
14 studies reporting on 5 independent study
populations in Benin, Kenya, Burkina Faso, and Rwanda
(N,= 14, N, =5) (Figure 9A & 9B, Table S5A). Across 4 of these
study populations, the median CD4 count ranged between 121
and 205 cells/mm® at ART initiation (N,=12, NI, =4), and 204 10

provided by

PLOS ONE | www.plosone.org

343 cells/mm” after 1 to 36 months on ART (N,=9, N,=4)
(Figure 9A & 9B, Table S5A).

Median gains in CD4 count following ART initiation, were
provided by 5 studies reporting on 4 independent study
populations in Benin, Kenya, Burkina Faso, and Rwanda
(N;=5, N, =4) (Figure 9C, Table S5A). Across 3 of these study
populations, median gains in CD4 counts after 6 to 36 months on
AR, ranged between 103 and 241 cells/mm® (N, =4, N,=3)
(Figure 9C, Table S5A).

Estimates of the fraction of FSWs with CD4 counts <200, 200
499 or =500 cells/mm” at and/or after ART initiation were
provided by 2 studies reporting on 2 independent study
populations in Kenya and Burkina Faso (N;=2, N,=2)
(Figure 10, Table S5B). In the Kenyan study, the fraction of
FSWs with CD4 counts =200 cells/mm®, decreased from 90% at
AR'T initiation to 11% after 24 months on ART [32] (Figure 10A,
Table S5B). When pooling the most recent study estimates from
the 2 study populations, the overall pooled fractions of FSWs on
ART with CD4 counts <200 cells/mmﬂ, 200-499 cells/mmﬁ, and
>500 cells/mm®, were 22% (95% CI: 5% 66%, 1>=88%,
N,=N,=2), 63% (95% CL: 28%-89%, I* =89%, N,=N,=2),
and 13% (95% CI: 7%-22%, I*=0%, N,=N,,=2), respectively
[32,37] (Figure 10).

Discussion

Despite the recent momentum to scale-up AR'T coverage
worldwide, there is a concerning lack of published data on HIV
treatment among FSWs [61]. We found only thirty-nine studies,
from fourteen different countries in Africa, Asia, North America,
South America, and Central America and the Caribbean that
reported information on the ART cascade among TFSWs
(Figure 2). Of these studies, the majority reported estimates of
either current ART use or median CD4 counts at and/or after

10 September 2014 | Volume 9 | Issue 9 | e105645
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Population Time on ART n/N Estimate (%)
and 95% CI
A. Treatment Discontinuation

Low and Middle Income

Kenya 1 [28] 6 months 4/102 3.9(1.1-9.7) -
Kenya 1 [29] 12 months 10/102 9.8 (4.8-17.3) -
B. LFU on ART

Low and Middle Income

Kenya 1 [28,29] 3 months 3/102 2.9(0.6-8.4) -
6 months 4/102 3.9(0.1-9.7) -
12 months 6/102 5.9 (2.2-12.4)* -
Kenya 1 [25] 10 months (m)  2/41 4.9 (0.6-16.5) -
Burkina Faso 1 [38,39] 32 months (m)  2/47 4.3 (0.5-14.5)* -
Kenya 3 [60] NR 1/10 10.0 (0.3-44.5)* —
Overall (I = 0%, p=0.77, N, =3%) 5.8 (3.0-10.8) >

C. Deaths on ART

Low and Middle Income

Kenya 1 [28,29] 3 months 2/102 2.0 (0.2-6.9) -
6 months 2/102 2.0 (0.2-6.9) -—
12 months 5/102 4.9 (1.6-11.1)* -
Kenya 1 [51] 41 months (m)  7/159 4.4(1.8-8.9) -
Burkina Faso 1 [38,39] 12 months 3/47 6.4 (1.3-17.5) —-—
36 months 4/47 8.5(2.4-20.4)* -
Kenya 3 [60] NR 0/10 0.0 (0.0-30.9)* —
Overall (I? = 0%, p=0.67, N, =3%) 6.2 (3.3-11.2) >
D. No Longer on ART
Low and Middle Income
Dominican Republic 1 [53] NR 16/210 7.6 (4.4-12.1)* -
High Income
Canada 3 [24] NR 9/23 39.1 (19.7-61.5)* —
USA 1 [48] NR 9/19 47.4 (24.5-71.1)* —_—
Subgroup (I’ = 0%, p=0.59, N, =2%) 42.9 (28.9-58.1) e
Overall (I = 93.3%, p<0.0001, N, =3%) 26.0 (6.4-64.6) S ——

Attrition (%)

Figure 6. Forest plot of treatment attrition among HIV-infected FSWs, including (A) treatment discontinuation (B) loss to follow-up
on ART (C) death on ART and (D) ART-experienced but no longer on ART. 5tudy estimates are grouped by country income and ordered by
time on ART. The star symbol (*) highlights the study estimates (one per study population) included in the pooled overall or subgroup estimates. For
studies providing estimates over multiple time-periods, only one estimate was used for pooling (the most recent estimate from that study). I and p-
values are the measures of heterogeneity used. ART = antiretroviral therapy, FSW = female sex workers, CI = confidence interval, NR = not
reported, n= number of FSWs with each outcome, N= sample size of FSWs available for each outcome, N,= number of independent study
populations, m= median, LFU = lost to follow-up.

doi:10.1371/journal.pone.0105645.g006

AR initiation, with very few providing estimates of treatment of ART initiation in HIV-infected FSWs were higher among
attrition, adherence and viral suppression among FSWs. studies which collected data on HIV-infected FSWs exclusively in

ART uptake among HIV-infected FSWs was particularly the HAAR'T era versus studies which collected data spanning the
variable across the different studies and settings. Pooled estimates pre-HAART and HAART eras, and pooled estimates of ever
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Population Time on ART  Threshold, Method
Assessed, Recall Period

Low and Middle Income
Kenya 1 [30] 28 days 100%, PC, month
Kenya 1 [25] 10 months (m)  95%, PC, month
Burkina Faso 1 [38,39] 6 months 95%, PC, 30-day

12 months 95%, PC, 30-day

36 months 95%, PC, 30-day
Rwanda 1 [42] NR 100%, SR, 3-day

100%, SR, all ART use

Dominican Republic 1 [53] NR
Kenya 3 [60] NR
Subgroup (I’ =35.5%, p=0.2, N, =4%)

100%, SR, 4-day
95%, VAS, 30-day

High Income

Canada 3 [23] NR (PDI Start)  100%, SR, week
NR (PDIEnd)  100%, SR, week
USA 1[48] NR 90%, SR, 3-day
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n/N Estimate (%)
and 95% CI

19/21 90.5 (69.6-98.8) —

2131 67.7 (48.6-83.3)* — =

NR 83.3 (67.2-93.6) — e

NR 92.1 (78.6-98.3) .

NR 100.0 (54.1-100.0) - =

49/57 86.0 (74.2-93.7)* —n

38/57  66.7(52.9-78.6) — -

155/210  73.8 (67.3-79.6)* -

8/10 80.0 (44.4-97.5)* —_—
76.2 (67.8-83.0) -

NR 87.2 .

NR 90.4 .

6/9 66.7 (29.9-92.5) —_— s

| RN D D S R B B R —
0 10 20 30 40 50 60 70 B8O 90 100

Adherent to ART (%)

Figure 7. Forest plot of ART adherence among HIV-infected FSWs. Study estimates are grouped by country income and ordered by time on
ART. The star symbol (*) highlights the study estimates (one per study population) included in the pooled overall or subgroup estimates. Only study
estimates with a known sample size of at least 10 FSWs were used for pooling. For studies providing estimates over multiple time-periods, only one
estimate was used for pooling (the most recent estimate from that study). 1 and p-values are the measures of heterogeneity used. ART =
antiretroviral, FSW = female sex workers, CI = confidence interval, NR = not reported, n= number of FSWs with each outcome, N= sample size

of FSWs available for each outcome, N, = number of independent study populations, m= median, PDI = peer driven intervention, PC = pill count,

SR = self-report, VAS = visual analog scale.
doi:10.1371/journal.pone.0105645.g007

ART use among HIV-infected FSWs were higher in high-income
countrics compared to low- and middle-income countries.
Conversely, pooled estimates of current ART use among HIV-
infected FSWs were similar between high-income countries and
low- and middle-income countries, However, there was substantial
between-study heterogeneity for all pooled estimates of ART

different ART eligibility criteria across studies could all contribute
to the variability in study estimates. Nevertheless, pooled estimates
of current ART use among HIV-infected FSWs are similar to
estimates of current ART use among HIV-infected women in
Burkina Faso (27%) and among HIV-infected female IDUs in
Canada (30%) [62,63]. Likewise, in the one study in Rwanda that

r

uptake. Varied study periods, different follow-up times and reported ART initiation among ART-eligible FSWs, the propor-

Population Time on ART  Definition of n/N Estimate (%)
Viral Suppression and 95% Cl1
Low and Middle Income
Kenya 1 [28] 3 months <100 copies/ml 39/97 40.2 (30.4-50.7) ——
6 months <100 copies/ml 69/95 72.6 (62.5-81.3)* i
Burkina Faso 1 [38,39] 6 months <300 copies/ml 27/34 79.4 (62.1-91.3) e
12 months <300 copies/ml 27/35 77.1 (59.8-89.6) —
18 months <300 copies/ml 24/30 80.0 (61.4-92.3) —
24 months <300 copies/ml 7/8 87.5(47.4-99.7) —_—
30 months <300 copies/ml 9/12 75.0 (42.8-94.5) —_——
32 months (m) <300 copies/ml 36/47 76.7 (61.4-88.2) —_——
36 months <300 copies/ml 18/22 81.8 (59.7-94.8) —
Burkina Faso 1 [56] 3.4 years (m) <300 copies/ml 84/174 48.3 (40.7-56.0)* ——
Vietnam 1 [43] NR <180 copies/ml 13/29 44.8 (26.5-64.3)* —
Dominican Republic 1 [S3] NR <50 copies/ml 115/193  59.6 (52.3-66.6)* ——
Overall (I’ = 82%, p=0.0008, N, =4*) 57.4 (45.7-68.2) ——
o 10 20 30 40 50 60 70 80 9% 100

Virally Suppressed (%)

Figure 8. Forest plot of viral suppression among HIV-infected FSWs on ART. Study estimates are grouped by country income and ordered
by time on ART. The star symbol () highlights the study estimates (one per study population) included in the pooled overall estimate. For studies
providing estimates over multiple time-periods, only one estimate was used for pooling (the most recent estimate from that study). I* and p-values
are the measures of heterogeneity used. ART = antiretroviral, FSW = female sex workers, CI = confidence interval, NR = not reported, n= number
of FSWs with each outcome, N= sample size of FSWs available for each outcome, Np= number of independent study populations, m= median.
doi:10.1371/journal.pone.0105645.g008
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Population Time on ART  ART Eligibility
Criteria

A. Median at ART initiation

Low and Middle Income

Benin 1 [44] ART initiation ~ CD4 count<200

Kenya 1 [29] ART initiation ~ CD4 count<200

Kenya 1 [26] ART initiation  NR

Kenya 1 [27] ART initiation NR

Kenya 1 [25] ART initiation NR

Kenya 1 [30] ART initiation ~ CD4 count<200

Kenya 1 [51] ART initiation  CD4 count<200

Kenya 2 [35] ART initiation  NR

Kenya 2 [34] ART initiation  NR

Burkina Faso 1 [38,39] ART initiation ~ CD4 count<200

Burkina Faso 1 [56] ART initiation  CD4 count<200 then <350

B. Median after ART initiation

Low and Middle Income

Kenya 1 [30] 28 days CD4 count<200

Kenya 1 [29] 3 months CD4 count<200
6 months CD4 count<200
12 months CD4 count<200

Kenya 1 [26] 5 months (m) NR

Burkina Faso 1 [38,39] 6 months CD4 count<200
12 months CD4 count<200
36 months CD4 count<200

Kenya 1 [25] 10 months (m) NR

Benin 1 [44] 12 months CD4 count<200

Kenya 1 [31] 15 months (m) NR

Kenya 2 [34] 697 days (m) NR

Rwanda 1 [42] NR CD4 count<350

C. Median gain

Low and Middle Income

Kenya 1 [28] 6 months CD4 count<200

Benin 1 [44] 12 months CD4 count<200

Burkina Faso 1 [38,39] 6 months D4 count<200
12 months CD4 count<200
18 months CD4 count<200
24 months CD4 count<200
30 months CD4 count<200
36 months CD4 count<200

Rwanda 1 [42] NR CD4 count<350
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and IQR
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Figure 9. Forest plot of (A) median CD4 count and (B) median gains in CD4 count among HIV-infected FSWs on ART and starting
ART. Study estimates are grouped by country income and ordered by time on ART. * N refers to a subset of FSWs who were eligible for ART upon HIV
diagnosis and enrolled in HIV care following HIV diagnosis. ART = antiretroviral, FSW = female sex workers, C| = confidence interval, NR = not
reported, N= sample size of FSWs available for each outcome, N, = number of independent study populations, m= median, IQR = interquartile

range.
doi:10.1371/journal.pone.0105645.9009

tion of ART-eligible FSWs in HIV care initiating AR'T was similar
to the proportion of ART-eligible individuals in the Rwandan
general population initiating ART (71%) [42].

Data from two African FSW research cohorts suggest that
treatment  discontinuation, loss to follow-up on ART, and
mortality on ART among FSWs may be low, at least over the
first few vears of ART use [25,28,29,38,39]. However, these
studies were conducted in research contexts where there is likely to
be mtensive follow-up of participants, and thus better retention on
treatment. Even so, total treatment attrition after one year on
ART in one of the African FSW cohorts was similar to that found
in the sub-Saharan African general population after 12 months on
ART (23%) [64]. In addition estimates of loss to follow-up and
death on ART among FSWs are similar to if not better than

PLOS ONE | www.plosone.org

estimates of loss to follow-up and death among women on ART
enrolled i cohort studies in South Africa and Tanzania, where
17.5% and 25.6% were loss to follow-up, respectively, and 4.1%
and 12.8% died on ART, respectively [65,66]. Only three studies
in Dominican Republic, Canada and the USA reported on the
fraction of ART-experienced FSWs that were no longer on AR,
and there was substantial between-study heterogeneity. Although
the proportion of FSWs in the Dominican Republic that reported
ever but not current ART use was similar to that reported by
women from the general population in the USA (9%) [67], the two
cross-sectional studies in North America found much higher
proportions of FSWs self-reporting that they were previously but
no longer on ART [24,48]. However, the sample size of FSWs in
these two North American studies was very small.
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Population Time on ART n/N Estimate (%)
and 95% CI
A. CD4 count<200
Low and Middle Income
Kenya 1 [32] ART initiation® 115/118  89.8 (83.3-94.5) —
6 months 37/111 33.3 (24.7-42.9) ——
12 months 26/92 28.3 (19.4-38.6) ——
18 months 13/65 20.0(11.1-31.8) —
24 months 6/56 10.7 (4.5-21.9)* —-—
Burkina Faso 1 [37] NR 10/25 40.0 (21.1-61.3)* —_—
Overall (I’ = 88.0%, p=0.004, N, =2%) 22.2 (5.0-66.4) ————
B. CD4 count 200-499
Low and Middle Income
Kenya 1 [32] ART initiation® 13/128 10.2 (5.5-16.7) —a—
6 months 72/111 64.9 (55.2-73.7) —a—
12 months 64/92 69.6 (59.1-78.7) ——
18 months 43/65 66.2 (53.4-77.4) —a—
24 months 44/56 78.6 (65.6-88.4)* —a—
Burkina Faso 1 [37] NR 11/25 44.0 (24.4-65.1)* —_—
Overall (I = 88.7%, p=0.003, N, =2%) 63.4 (27.7-88.7) ———
C. CD4 count >500
Low and Middle Income
Kenya 1 [32] ART initiation® 0/128 0.0 (0.0-2.8) =
6 months 2/111 1.8 (0.2-6.4) =
12 months 2/92 2.2(0.3-7.6) -
18 months 9/65 13.9 (6.5-24.6) ——
24 months 6/56 10.7 (4.0-21.8)* -
Burkina Faso 1 [37] NR 4/25 16.0 (4.5-36.1)* —a—
Overall (I = 0%, p=0.507, N, =2*) 12.5 (6.9-21.8) -
r T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Estimate (%)

Figure 10. Forest plot of the fraction of HIV-infected FSWs on ART and starting ART with (A) CD4 counts <200 cells/mm?® (B) CD4
counts 200-499 cells/mm?® and (C) CD4 counts >500 cells/mm?. Study estimates are grouped by country income and ordered by time on
ART. The star symbol (*) highlights the study estimates (one per study population) included in the pooled overall estimates. For studies providing
estimates over multiple time-periods, only one estimate was used for pooling (the most recent estimate from that study). I” and p-values are the
measures of heterogeneity used. ® ART initiation criteria is CD4 count <200 cells/mm?>. ART = antiretroviral, FSW = female sex workers, Cl =
confidence interval, NR = not reported, n= number of FSWs with each outcome, N= sample size of FSWs available for each outcome, N, = number
of independent study populations.

doi:10.1371/journal.pone.0105645.g010

Adherence among FSWs, in the few studies where it was
measured, was found to be consistently high despite different
methods of assessment, recall periods and adherence thresholds.
The pooled estimate of adherence among FSWs is similar to that
reported for the general population in sub-Saharan Africa, where
77% were estimated to be =80% adherent [68], and is also similar
to if not better than that reported for women in the general
population, where 62% were estimated to be =90% adherent
[69]. Adherence counselling in 4 studies [23,38,39,44], monthly

PLOS ONE | www.plosone.org

support groups in one study [60], and directly administered
therapy in another study [30], could have contributed to the high
adherence seen in these FSW study populations.

Limited data also indicate that overall just over half of FSWs
initiating ART are achieving viral suppression, which is much
lower than the pooled estimate of ART adherence seen among
FSWs. However, there was considerable between-study heteroge-
neity in the pooled estimate of viral suppression, and the varied
limits of viral load detection used to define viral suppression, which
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ranged from <50 copies/ml to <300 copies/ml, may have
influenced the results. The cohort of FSWs in Burkina Faso which
used the highest limit of viral load detection to define viral
suppression (<300 copies/ml), had the highest estimates ol viral
suppression, and these were comparable to estimates of viral
suppression (delined as viral load <400 copies/ml) seen among
women from the general population in South Africa, where 87%
93% of women were virally suppressed after 12 to 36 months on
ART [70]. The FSWs in Burkina Faso, who had the highest levels
ol viral suppression, also had high levels of adherence [38,39].
Thus, the lower estimates of viral suppression could also reflect
lower adherence rates among FSWs in those study settings.

For a number of FSWs, improvements in CD4 count were also
achieved within 6 to 24 months of ART initiation, and these were

comparable to the median gains in CD4 count achieved among
women in the general population from South Africa and the UK
alter 6 to 12 months on ART [70,71].

To date, this is the first study to systematically review and
quantify the ART cascade among FSWs globally, which builds on
a limited review already undertaken by the authors [15]. Available
data indicate that FSWs can achieve promising levels of ART
uptake, adherence, retention, and treatment response, at least in
the short-term and in these research settings, which in some cases
may even be comparable to that seen in the general population
over similar time-periods. However, there are a number of
limitations to this systematic review. In particular, the review and
meta-analysis were limited by the scarcity and heterogeneity of
eligible studies. The included studies, the majority of which had
small sample sizes of HIV-infected FSWs, reported data on only
twenty-one different FSW study populations from only fourteen
countries in Asia, Africa, North America, South America, and
Central America and the Caribbean, which limits the generaliz-
ability of these findings to FSWs elsewhere (Figure 2). Most of the
included studies were also research cohorts, thus these results are
of limited generalizability to FSWs in other routine programme
(non-research) settings. FSWs enrolling in research cohorts may be
more motivated to adhere to and remain on treatment, and there
are likely to be a number of other HIV prevention and support
services available to FSWs in these cohorts, which coupled with
mtense follow-up and intensive adherence counselling, could help
to improve ART uptake, retention, adherence and treatment
outcomes among FSWs in these studies [72,73]. Our pooled
analyses are also limited by the heterogeneity between studies, but
still provide useful overall estimates of engagement in HIV
treatment among FSWs. Study periods were particularly variable
across studies, and this is likely to influence HIV treatment
outcomes, in particular ART uptake. The time periods of data
collection spanned 24 years across the different study settings, and
in some studies collection of data on HIV-infected FSWs started in
the pre-HAART era. To address this issue, whenever possible we
conducted sub-group analyses for ART uptake outcomes by time-
period of data collection (i.e. data collected in the pre-HAART to
HAART era versus HAAR'T era alone). We found that this had an
effect on pooled estimates of ART initiation, and although
substantial between-study heterogeneity remained, this could
indicate that it might not be appropriate to aggregate all data
on ART uptake regardless of study period. In the majority of
cohort studies, follow-up time on ART was also relatively short, so
long term attriion and treatment outcomes in F remain
unknown. Lack of reporting on local ART eligibility criteria also
made it more difficult to interpret estimates of ART uptake. In
addition, adherence to medication was most frequently measured
by either self-reports or pill counts, both of which are prone to
biases, such as social desirability and recall bias (Table S6).
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Different types of recruitment settings and sampling methods may
have also introduced selection bias into the included studies,
However, it was difficult to fullv assess risk of selection bias as very
few studies reported sampling methodology (Table S6). Some
studies reported using random samples, whilst a few others
reported the use of non-probability sampling methods, such as
snowball sampling and convenience sampling. Snowball sampling
and convenience sampling are commonly used when studying
hard-to-reach populations, but are likely to have introduced bias
into the selection ol participants [74]. A couple of studies also
reported the use of respondent-driven sampling, which is a type of
snowball sampling that aims to reduce bias by taking into account
the non-random patterns of participant recruitment [74]. The
different recruitment settings and strategies also highlight the
diversity of FSW samples across studies (Table S6). Pooled
estimates may mask the potential differe in HIV treatment
and care across the varied contexts and settings of sex work. It is
also possible that women who do not self<identify as FSWs may
have been missed at study recruitment, so in some cases outcome
data is likely to be restricted to self-i ifying FSWs, Thus, results
may not be generalizable to indirect FSWs, who may not have
been captured in these samples. Publication bias may have also
allected our summary estimates, but due to the small numbers of
studies that reported each outcome we could not explore this in a
meaningful way. In addition, as we did not search for available
data in the grey literature (our review focussed on peer-reviewed
published literature), we have likely excluded some ARl data that
may have been available, for example, from reports of integrated
biological and behavioural assessment (IBBA) surveys among
FSWs.

Despite the limitations, the results from this review are
encouraging, and show that even though FSWs are considered a
hard population to reach for HIV prevention and care, research
cohorts in particular have achieved success at enrolling and
retaining FSWs on ART with good adherence and treatment
response. Importantly, this review also has important public health
implications since it highlights large gaps in the spatial distribution
ol ART cascade estimates among FSW. rure 2) and the paucity
of data on the AR'T cascade among FSWs in routine (non-
research) programme settings. These data gaps are concerning,
and impede our understanding of ‘real-life’ HIV treatment and
care among FSWs and potential feasibility and effectiveness of
targeting FSWs for expanded ART prevention strategies. It is
crucial that routine programme data on HIV care and treatment
among FSWs is collected and disseminated, in order to better
characterise ART cascade outcomes among FSWs (see Box S1 for
a summary of our recommendations for future data collection). In
particular, information on the percentage of all HIV-infected
FSWs iving ART, and how this evolves over time is needed.
Estimates of ART use are likely to be affected by AR’
criteria, HIV testing policies and testing uptake, as well as rates of
linkage to and retention in HIV care prior to AR'l ation. So in
order to interpret data on ART uptake among FSWs, information
on the evolution of ART eligibility criteria over time, the CD4
count at which FSWs are diagnosed and started treatment, as well
as the percentage of HIV-infected FSWs who receive HIV testing
and are linked to HIV care is required. Furthermore, gathering
additional short and long-term data on treatment retention,
adherence and viral suppression among FSWs, using standardised
indicators is crucial, In 2010, the WHO recommended a number
of different early warning indicators to use for monitoring of HIV
drug resistance in national ART programmes, which included the
following ART care indicators: % of patients receiving ART lost to
follow-up at 12 month, % of patients retained on first-line ART at
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12 months, % of patients with 100% on-time drug pickups during
the first 12 months of ART or during a specified time period, %
patient adherence to antiretroviral therapy by pill count or other
standardized measure, and % of patients with viral load <1000
Copies/mm2 at 12 months [75]. Gathering and reporting data on
these types of ART care indicators for sex workers in routine
surveys of sex workers, existing sex worker programmes, and new
research studies of HIV care and treatment among FSWs, could
help to better characterise the ART cascade among FSWs in
different settings and contexts.

When scaling up ART programmes for FSWs, it will also be
important to elucidate and overcome the barriers that FSWs face
to initiating AR'T, remaining on treatment and adhering to AR'T.
Many individual-level and structural-level barriers, such as stigma,
discrimination, violence, and drug-use, often prevent FSWs from
accessing HIV services and practicing HIV prevention and harm
reduction, and these barriers may also influence the ability of
FSWs to traverse through the HIV care cascade [76-79]. In two of
the studies included in this systematic review, FSWs reported that
mnability to attend regular medical appointments, potential loss of
wages from visiting ART centres, prior negative experiences with
the health care system, the stigmatizing attitude of medical staff,
and fear of adverse consequences as a result of others knowing
their HIV status and occupation, were some of the factors that
prevented them from initiating ART [24,46]. In three of the
studies included in this systematic review, FSWs also reported that
running out of pills, not being at home to take pills, feelings of
sickness when taking pills, and potential loss of clients if seen taking
ART during work hours, were factors that prevented them from
adhering to treatment [42,44,46]. Another qualitative study
among FSWs in Zimbabwe also found that discrimination from
medical stafl, shame, and anxiety about being known to be a sex
worker, reduced the ability of FSWs to attend HIV treatment
services [80]. Travelling times to health clinics and additional
financial costs were also reported as barriers to treatment [80]. It is
essential that new or ongoing HIV intervention and ART
programmes among FSWs try to address the structural and social
barriers to HIV treatment that FSWs’ face, For example, Abriendo
Puertas, 15 an ongoing integrated HIV care and prevention
intervention for FSWs in Dominican Republic, that aims to
promote HIV care and preventative behaviours among FSWs
[53]. This intervention has four key components, including
individual counselling and education, peer HIV service navigation
and support, clinical care health provider sensitisation training,
and community solidarity and mobilisation, which together aim to
provide a multi-level response to the social and structural factors
that prevent FSWs engaging and remaining in care and adhering
to treatment [53]. In Zimbabwe, the Sisters with a Voice (SWV)
programme, which provides free STI/HIV services and assisted
referrals to ART centers for FSWs, has also initiated numerous
measures to try and reduce the stigma, discrimination and barriers
that FSWs face at public health clinics, including training and
sensitisation for nurses at public ART centers and community
mobilisation among FSWs [80].

In conclusion, existing studies in a limited number of research
settings indicate that it is it is feasible to enrol and retain FSWs on
ART with good adherence, at least in the short-term and in these
research contexts. However, there is an evident gap in global data
on ART cascade outcomes among FSWs. More data, particularly
long-term data, from a larger number of FSW study populations
and non-research settings, needs to be collected and disseminated.
When scaling-up ART programmes for FSWs, the barriers to HIV
care and treatment that they face also need to be addressed.
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Appendix B

Appendix B: Supplementary information for Chapter 2

Text B1. Model equations

The workplace violence model is defined by a set of deterministic ordinary differential equations,
which are solved through numerical integration using the odel5s solver in Matlab. The model

equations for the 27 compartments shown in Figure 2.1 in chapter 2 are as follows:

dX
i=l,j=lk=l,mn PH CcPV csv
dt - /umnNmn _<lumn +amn +amn +amn )Xizl,jzl,kzl,mn
Xm’:l,j:I,k:I,mn _ CSVX + CSVX _ + PH+ CPV+O X
dt - amn i=l,j=1,k=1,mn an i=3,j=1k=l,mn lumn amn amn i=2, j=Lk=1,mn
dXi:3,j:l,k:1,mn _ (‘)Xv + csv + PH + CcpPV X
dt - i=2,j=lk=l,mn lumn an amn amn i=3,j=1,k=1,mn
dXi:l,j=27k=1,m11 _ OCCPVX +VCPVX _ +c‘)+ aCSVRRCPVmCSV +0{PH X
dt - mn i=1,j=1,k=1,mn mn i=1,j=3,k=1,mn lumn mn mn i=1,j=2,k=1,mn
dX.
i=2,j=2k=l,mn __ _ CPV csv CPVtoCSV CPV
- amn i=2, j=Lk=1,mn + Czmn RR Xi:l,j:Z,k:l,mn + an i=2,j=3,k=1,mn
dt
[e\Y4 CPVtoCSV Y PH
+an RR Xi:3,j:2,k:1,mn _(lumn +20+ amn )Xi:2,j:2,k:1,mn
dX
i=3,j=2,k=l,mn __ _ CPV ) CPV
_amn Xi:B,j:I,k:I,mn +0Xi:2,j:2,k:1,mn +an Xi:S,j:B,k:I,mn
dt
cSVv CPVtoCSV PH )
_(lumn +an RR +amn +O)Xi:3,j:2,k:1,mn
dXi=l,j=3,k=l,mn _ C‘IX _ + CPV + (\Y4 + PH X
dt - i=1,j=2,k=1,mn lumn an amn amn i=1,j=3,k=1,mn
dX.
i=2,j=3,k=l,mn __ A [\ 4 csv
_QXi:Z,j:Z,k:l,mn +amn Xi:l,j:3,k:l,mn +an Xi:3,j:3,k:l,mn
dt
PH ) CPV
_(lumn+amn +0+ an )Xi:Z,j:B,k:I,mn
dXi:37j:3,k=1,mn _ C‘IX +C‘IX _ + sV + CPV + PH X
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dt
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dX._, .
i=1,j=1,k=2,mn __ _ PH PH
dt - Ymn Xz‘:l,jzl,kzl,mn +an Xizl,jzl,k:S,mn
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dX._. .
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dX
i=3,j=1,k=3,mn A 3 PH CPV (\Y4
dt - OXi:3,j:1,k:2,mn +0Xi:2,j:1,k:3,mn _<lumn +an + amn +an )Xi:3,j:1,k:3,mn
dX
i=1,j=2,k=3,mn _ cPv cPv
dt - OXi:l,j:Z,k:Z,mn + amn Xi:l,j:l,k:3,nm + an Xi:l,‘j:3,k:3,mn
PH csv CPVtoCSV o
_(Iumn + an + amn RR +O) Xi:l,j:Z,k:3,mn
dXi:2,j:2,k:3,mn A + CPV + CPV + CSVRRCPVmCSVX
dt - i=2,j=2,k=2,mn amn i=2,j=1,k=3,mn an i=2,j=3,k=3,mn amn i=1,j=2,k=3,mn
csv CPVtoCSV b PH
+an RR Xi:3,j:2,k:3,mn _(lumn + 20+ an )Xi:Z,j:Z,k:3,mn
dX
i=3,j=2,k=3,mn _ cpv cPv .
dt - i=3,j=2,k=2,mn + amn Xi:S,j:I,k:S,mn + an Xi:S,j:S,k:3,mn +0Xi:2,j:2,k:3,mn
) csv CPVtoCSV PH
_(lumn +0+ an RR + an )Xi:3,j:2,k:3,mn
dX
i=1,j=3,k=3,mn A a CPV PH (\Y4
dt - OXi:I,j:3,k:2,mn +0Xi:1,j:2,k:3,mn _<lumn +an + an + amn )Xizl,j:3,k:3,mn
aX._, .
i=2,j=3,k=3,mn __ A 2 csv csV
dt - QXi:Z,j:3,k:2,nm +0Xi:2,j:2,k:3,mn + amn Xizl,j:3,k:3,mn +an Xi:3,j:3,k:3,mn
PH CPV )
_(lumn + an +an +O) Xi=2,j=3,k=3,mn
dX
i=3,j=3,k=3,mn  _ A S ) PH CPV (14
dt - OXi:3,j=3,k=2,mn +0Xi=3,j=2,k:3,mn +0Xi=2,j:3,k:3,mn _(lumn +an + an +an )Xi=3,j=3,k=3,mn
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The indices are:

i - client sexual violence status (1: no experience of violence, 2: experienced violence
recently in the last 6 months, 3: experienced violence in the past but not within the last 6
months)

j — client physical violence status (1: no experience of violence, 2: experienced violence
recently in the last 6 months, 3: experienced violence in the past but not within the last 6
months)

k - police harassment status (1: no experience of violence, 2: experienced violence
recently in the last 6 months, 3: experienced violence in the past but not within the last 6
months)

m - work environment (1: outdoor/public, 2: informal indoor, 3: brothel/quasi-brothel)

n - injecting drug use (1: non IDU, 2: ever IDU)

The state variables are:

Xijkmn is the number of sex workers in violence state ijk who are in work environment m
with IDU status n

Ny is the total number of sex workers in work environment m with IDU status n

The parameters are:

Umn is the rate of leaving sex work, which depends on work environment m and IDU
status n

aS3V is the rate of experiencing first client sexual violence, which depends on work
environment m and IDU status n

aShV is the rate of experiencing first client physical violence, which depends on work
environment m and IDU status n

aPll is the rate of experiencing first police harassment, which depends on work
environment m and IDU status n

v&SV is the rate of experiencing repeat client sexual violence after the first violent incident,
which depends on work environment m and IDU status n

viPV is the rate of experiencing repeat client physical violence after the first violent
incident, which depends on work environment m and IDU status n

vPH is the rate of experiencing repeat police harassment after the first violent incident,
which depends on work environment m and IDU status n

¢ is the rate of transition from recent to non-recent violence states, which is the same for

all types of workplace violence
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e RRPHIOCPVig the increased risk of experiencing client physical violence (first and
recurrent incidents) after a recent experience of police harassment
RRFPHEOCSV s the increased risk of experiencing client sexual violence (first and recurrent
incidents) after a recent experience of police harassment
e RRCPVtoCSV s the increased risk of experiencing client sexual violence (first and recurrent

incidents) after a recent experience of client physical violence

Initial Model Conditions:

At the start of the model simulation, there are 1500 FSWs, and this total FSW population size was
kept constant throughout the simulations. A fixed proportion of the FSW population start the
simulation in each work environment and injecting drug use status, and the proportion in each of
these sub-groups was kept constant throughout the model simulation. All FSWs have no prior

experience of any workplace violence at the start of the model simulation.
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Text B2. Estimating incidence rates of workplace violence from AESHA cohort data

Melissa Braschel, who is the AESHA statistician, carried out analyses to estimate incidence of

workplace violence from AESHA cohort data.

Incidence of first-time violence was estimated from AESHA data by dividing the total number of
reported first-time violence events by the total number of person-years at risk among FSWs with
at least one follow-up interview who did not report violence at enrolment. A first-time violence
event was defined as the first time a FSW reported violence in the last 6 months at a follow-up
interview. Person-years at risk started at the baseline interview. For participants who did not
report any violence during follow-up, person-years at risk was censored at the last follow-up visit,
while for participants who did report violence during follow-up, person-years at risk was
censored at the estimated date of the first report of violence (mid-interval between follow-up

visits). Thus, subsequent reports of violence are excluded from the calculation.

Incidence of first-time and repeat violence was calculated from AESHA data by dividing the total
number of violence events for all FSWs by the total number of person-years at risk for all FSWs.
A violent event was defined as a report of violence in the last 6 months at a baseline or follow-up
interview. For the purposes of this analysis, person-years at risk was considered to start 6
months prior to the baseline interview, in order to include occurrence of violence in the 6 months
prior to enrolment. For participants who reported violence at the last follow-up visit, person-
years at risk was censored at the estimated date of last violence (mid-interval between follow-up
visits), and for participants who did not report violence at the last follow-up, person-years at risk

was censored at the date of the last follow-up visit.

These incidence rates were based on data collected from baseline and follow-up interviews
conducted between 2010 and 2014. Each incidence rate for each type of workplace violence was
summarised for all FSWs and for FSWs in each work environment with 95% Cls using Poisson

regression.
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Text B3. Sensitivity analysis results

A summary of the sensitivity analysis results was provided in the main text. Here I provide

further details on each of the four sensitivity analyses.
1) Influence of parameter uncertainty

To estimate the sensitivity of the model to uncertainty in the parameters and determine which
calibrated parameters have the most influence over different model outcomes, PRCCs were
calculated. Tables B8-B11 show the PRCCs with an absolute value of 0.2 or more for incidence
rates of first-time workplace violence among all FSWs, incidence rates of first-time and repeat
workplace violence among all FSWs, relative reduction in ICU prevalence among all FSWs due to
each intervention, and relative reduction in client violence among all FSWs due to elimination of
police harassment, respectively. The higher the absolute PRCC value of the parameter, the more

important it is in influencing the model outcome.

As expected, the parameters that were most strongly associated with incidence rates of first-time
workplace violence were the rates at which FSWs experience that type of workplace violence for
the first-time (Table B8). The higher the rate at which FSWs experience workplace violence for
the first-time the higher the incidence estimate. Likewise, the parameters that were most
strongly associated with incidence rates of first-time and repeat workplace violence were the
rates at which FSWs experience that type of workplace violence for the first-time or repeatedly
(Table B9). Due to the high prevalence of police harassment, the multiplier for increased rate of
first-time and repeat client physical violence if recently experienced police harassment
(RRPHwCPY), also had a strong positive correlation with incidence of first-time and repeat client
physical violence. The multiplier for increased rate of first-time and repeat client sexual violence
if recently experienced police harassment (RRPH©(SV), was also one of the parameters most
strongly associated with incidence of first-time and repeat client sexual violence. RRPHCPV and
RRPHWCSV were the parameters most strongly correlated with the relative reduction in prevalence
of recent client physical violence and recent client sexual violence due to elimination of police
harassment (Table B10). The larger the association between police harassment and client
violence, the greater the impact a police intervention could have on reducing client violence. As
a number of the model outcomes were sensitive to the degree of association between police
harassment and client violence (RRPHCPV and RRPHWCSV), it is important that studies seek to
measure and reduce the uncertainty in the degree to which different types of workplace violence
interact and influence each other. None of the calibrated parameters were strongly correlated

with the impact of interventions on relative reduction in inconsistent condom use (Table B11),
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indicating that uncertainty in the calibrated parameters of the workplace violence model does

not have too much influence on the magnitude of the ICU outcomes estimates.
2) Univariate sensitivity of fixed parameters

Figures B2-B5 show tornado plots of the univariate sensitivity analyses. In these univariate
sensitivity analyses, fixed parameters and important parameters from PRCC analysis
(PRCC=>0.5) were varied one at a time between a lower and upper value (+10% of baseline value)

while all other model parameters were held at their baseline values.

In univariate sensitivity analyses for incidence of first-time workplace violence (Figure B2),
varying the proportion of FSWs that were brothel-based, which is a fixed parameter in the model,
had the most influence on incidence rates of first-time police harassment and client physical
violence. There was an inverse relationship, where if more FSWs were brothel-based, incidence
estimates were lower. This is because brothel-based FSWs have the lowest first-time rates of
police harassment and client physical violence (Table B3), thus increasing the proportion of
brothel-based FSWs in the model results in a lower overall incidence rate. The most influential
parameter for incidence rate of first-time client sexual violence was the proportion of FSWs who
have ever injected drugs, another fixed parameter in the model (Figure B2). FSWs who have ever
injected drugs have higher baseline rates of first-time violence compared to FSWs who have never
injected drugs (Table B3), so as the proportion of ever IDUs increases, the incidence rate of first-

time client sexual violence also increases.

In univariate sensitivity analyses for incidence of first-time and repeat workplace violence
(Figure B3), varying the time spent recently experiencing workplace violence (8), a fixed
parameter, had the most influence on incidence rates of first-time and repeat police harassment.
Varying 6 from 0.45-0.55 years yielded incidence rates which ranged from 65.2-73.6 per 100
person-years. Higher values of 6 resulted in lower incidence of police harassment due to fewer
FSWs transitioning from recent to non-recent compartments, and thus fewer FSWs repeatedly
experiencing violence. The most influential parameter for incidence rate of first-time and repeat
client physical violence was the multiplier for increased rate of first-time and repeat client
physical violence if recently experienced police harassment (RRPHtCPY),  As RRPHWCPV increases,
the incidence rate of first-time and repeat client physical violence increases. The incidence rate
of first-time and repeat client sexual violence was most sensitive to the proportion of FSWs who
have ever injected drugs. As the proportion of ever-IDU FSWs increased the incidence rate of
client sexual violence decreased. This inverse relationship is driven by the fact that among
outdoor-based FSWs there is a higher baseline incidence rate of first-time and repeat client sexual

violence among non-IDU FSWs than ever-IDU FSWs (due to the combination of parameter values
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in the best fit parameter set), so increasing the proportion of ever IDUs results in a lower
incidence rate. However, it is likely unrealistic that rates of violence would be higher among
those who have never injected drugs compared to those that have ever injected drugs. This

highlights a limitation of my analysis which I discuss in the main text (Section 2.5.2).

Univariate sensitivity analyses also show that the most influential parameter for the impact of
eliminating police harassment on the relative reduction in prevalence of recent client physical
violence is the multiplier for increased rate of first-time and repeat client physical violence if
recently experienced police harassment (RRPHCPV) (Figure B4). When RRPH!oCPV was varied from
1.8-2.2 the relative reduction in prevalence of recent client sexual violence ranged from 20.6-
26.8%. As RRPHwCPV increased, the impact of the intervention increased. Similarly, the relative
reduction in prevalence of recent client sexual violence due to eliminating police harassment was
most sensitive to the multiplier for increased rate of first-time and repeat client sexual violence
if recently experienced police harassment (RRPHtCSV), where an increase in RRPH©oCSV resulted in a
greater intervention impact. Varying RRPHCSV from 2.7-3.3 yielded a relative reduction in

prevalence of recent client sexual violence which ranged from 35.5-40.2%.

For each of the 5 interventions evaluated, univariate sensitivity analyses show that the relative
reduction in prevalence of ICU due to each intervention was most sensitive to the proportion of
FSWs who are ever IDU (Figure B5), indicating the importance of knowing the size of the IDU FSW

population when modelling the potential impact of interventions.

3) Sensitivity of intervention impact to ICU assumptions

The 5-year impact on average ICU after applying each of the 5 interventions using the alternative
ICU assumption is shown for all FSWs in Figure B6. Under this alternative assumption it is
assumed that the increased risk in ICU for FSWs who have experienced multiple types of
workplace violence is a product of the increased risk associated with each type of workplace
violence. As expected this results in a larger relative reduction in ICU for each intervention
compared to the original ICU assumption. This is because the average ICU at baseline is larger
under this alternative assumption (Table B6). The increase in relative reduction in ICU under this
alternative assumption is largest for Intervention 1, where elimination of police harassment
resulted in a median relative reduction in ICU of 7.5% after 5 years compared to 3.2% under the
baseline ICU assumption. Like the original ICU assumption, Intervention 5 results in the largest
relative reduction in ICU, followed by Intervention 3, Intervention 4, Intervention 2 and lastly

Intervention 1.
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4) Importance of incorporating between-violence dynamics

In the final sensitivity analysis, the model was re-calibrated assuming that there was no
relationship between the different types of workplace violence (i.e. RRPHtoCPV=], RRPHtoCSV=1 and
RRcPveotsv=1). Figures B7-B13 show the fit of the re-calibrated model to the cross-validation
prevalence outcomes. Figures B7-B12 show that the fit of the re-calibrated model to prevalence
of each type of workplace violence by FSW sub-group was very similar to that of the original
calibrated model. Figure B13 also shows the re-calibrated model was able to fit well to the
majority of data on prevalence of experiencing multiple types of workplace violence. However,
in contrast to the original calibrated model, the re-calibrated model no longer had any model runs
that fit prevalence of experiencing both recent client sexual violence and recent client physical
violence or that fit prevalence of experiencing all three types of workplace violence recently
(Figure B13). Figures B14-B15 also show that the estimates of incidence of workplace violence
are very similar between the two different model calibrations, with the original calibrated model
tending to have slightly wider confidence intervals in comparison to the re-calibrated model.
Figure B16 highlights that interventions had a similar impact across the two different model
calibration, and was most different for intervention 1 (elimination of police harassment), which

had a smaller impact on the ICU outcome under the alternative calibration.
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% (95% CI) 2

Prevalence of workplace violence stratified by work environment
and injecting drug use

Ever experienced police harassment
Non-IDU, outdoor-based
Non-IDU, informal indoor-based
Non-IDU, brothel-based
Ever-IDU outdoor-based
Ever-IDU, informal indoor-based
Ever-IDU, brothel-based

63.4% (52.8-73.2%)
46.8% (34.0-59.9%)
15.2% (10.7-20.7%)
77.7% (71.7-83.0%)
76.1% (68.0-83.1%)
73.9% (51.6-89.8%)

Recently! experienced police harassment
Non-IDU, outdoor-based
Non-IDU, informal indoor-based
Non-IDU, brothel-based
Ever-IDU outdoor-based
Ever-IDU, informal indoor-based
Ever-IDU, brothel-based

44.1% (33.8-54.8%)
24.2% (14.2-36.7%)
11.1% (7.2-16.0%)

48.7% (41.9-55.4%)
44.0% (35.5-52.9%)
52.2% (30.6-73.2%)

Ever experienced client physical violence
Non-IDU, outdoor-based
Non-IDU, informal indoor-based
Non-IDU, brothel-based
Ever-IDU outdoor-based
Ever-IDU, informal indoor-based
Ever-IDU, brothel-based

52.7% (42.1-63.1%)
48.4% (35.5-61.4%)
11.1% (7.2-16.0%)

73.7% (67.4-79.3%)
70.1% (61.6-77.7%)
73.9% (51.6-89.8%)

Recently! experienced client physical violence
Non-IDU, outdoor-based
Non-IDU, informal indoor-based
Non-IDU, brothel-based
Ever-IDU outdoor-based
Ever-IDU, informal indoor-based
Ever-IDU, brothel-based

17.2% (10.2-26.4%)
12.9% (5.7-23.9%)
6.5% (3.6-10.6%)
25.0% (19.5-31.2%)
20.9% (14.4-28.8%)
17.4% (5.0-38.8%)

Ever experienced client sexual violence
Non-IDU, outdoor-based
Non-IDU, informal indoor-based
Non-IDU, brothel-based
Ever-IDU outdoor-based
Ever-IDU, informal indoor-based
Ever-IDU, brothel-based

Recently! experienced client sexual violence

44.1% (33.8-54.8%)
46.8% (34.0-59.9%)
9.2% (5.7-13.9%)

63.8% (57.2-70.1%)
64.9% (56.2-73.0%)
60.9% (38.5-80.3%)

Non-IDU, outdoor-based
Non-IDU, informal indoor-based
Non-IDU, brothel-based
Ever-IDU outdoor-based
Ever-IDU, informal indoor-based
Ever-IDU, brothel-based

16.1% (9.3-25.2%)
12.9% (5.7-23.9%)
4.1% (1.9-7.7%)
22.3% (17.0-28.3%)
15.7% (10.0-23.0%)
17.4% (5.0-38.8%)

Prevalence of multiple types of workplace violence

Experienced police harassment and client physical violence
Ever
Recently!

38.8% (35.3-42.4%)
8.9% (7.0-11.2%)

Experienced police harassment and client sexual violence
Ever
Recently!

34.5% (31.1-38.0%)
8.8% (6.8-11.0%)

Experienced client physical violence and client sexual violence
Ever

37.6% (34.1-41.2%)

Recently!? 8.2% (6.4-10.4%)
Experienced all three types of workplace violence

Ever 30.7% (27.4-34.1%)

Recently!? 4.6% (3.3-6.4%)

Abbreviations: FSWs, female sex workers; IDU, injecting drug use
11In the last 6 months
2 Prevalence estimates are from baseline surveys of 753 participants enrolled in AESHA between 2010 and 2014
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Table B2. Values for fixed parameters used in the univariate sensitivity analyses

Parameter Symbol Baseline value Lower value Upper value
(i.e. fixed value)?

Fixed parameters

% of FSWs who are ever-IDU FracIDU 51.0% 45.9% 56.1%
% of FSWs who are outdoor-based FracOutdoor  42.0% 37.8% 46.2%
% of FSWs who are informal indoor- FracInformal  26.0% 23.4% 28.6%
based

% of FSWs who are brothel-based FracBrothel 32.0% 28.8% 35.2%
Time to non-recent police harassment 0 0.5 0.45 0.55

or client physical violence or client

sexual violence from recent police

harassment, client physical violence or

client sexual violence (years)
Note: When the % of FSWs who are in one work environment increases, the % of FSWs in the other two work
environments decreases proportionately. Similarly, when the % of FSWs who are in one work environment
decreases, the % of FSWs in the other two work environments increases proportionately.
1 Baseline values are from the best fitting parameter set (see Section 2.3.2.4 for further details)

Table B3. Baseline values for calibrated and ICU parameters in univariate sensitivity analyses

Symbol Baseline
value !
Calibrated parameters
Lifetime duration selling sex (years) in each sub-group (kmn)
Non-IDU, outdoor-based K11 19.4
Non-IDU, informal indoor-based K12 20.6
Non-IDU, brothel-based K13 5.4
Ever-IDU outdoor-based K21 30.0
Ever-IDU, informal indoor-based K22 35.1
Ever-IDU, brothel-based K23 33.9
Rate (per year) that FSWs experience police harassment for the first time
by sub-group (afH
Non-IDU, outdoor-based afl 0.0862
Non-IDU, informal indoor-based allt 0.0499
Non-IDU, brothel-based alt 0.0163
Ever-IDU outdoor-based afl 0.1246
Ever-IDU, informal indoor-based abt 0.1307
Ever-1DU, brothel-based abl 0.1045
Rate (per year) that FSWs experience client physical violence for the first
time by sub-group (a$hY
Non-IDU, outdoor-based altv 0.0621
Non-IDU, informal indoor-based altv 0.0490
Non-IDU, brothel-based aftv 0.0071
Ever-IDU outdoor-based astv 0.0754
Ever-IDU, informal indoor-based astv 0.0402
Ever-IDU, brothel-based astv 0.1336
Rate (per year) that FSWs experience client sexual violence for the first
time by sub-group (a$5
Non-IDU, outdoor-based als’ 0.0341
Non-IDU, informal indoor-based als’ 0.0006
Non-IDU, brothel-based als’ 0.0182
Ever-IDU outdoor-based ass’ 0.0284
Ever-IDU, informal indoor-based ass’ 0.0355
Ever-IDU, brothel-based ass’ 0.0266
Rate (per year) that FSWs re-experience police harassment if previously
experienced police harassment by sub-group (vi?
Non-IDU, outdoor-based vPH 5.0008
Non-IDU, informal indoor-based vhH 3.1421
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Non-IDU, brothel-based ed 7.3982
Ever-IDU outdoor-based viH 2.6661
Ever-IDU, informal indoor-based vii 2.7248
Ever-IDU, brothel-based viH 8.9422
Rate (per year) that FSWs re-experience client physical violence if
previously experienced client physical violence by sub-group (v£/
Non-IDU, outdoor-based vePv 0.6215
Non-IDU, informal indoor-based vEPv 1.4375
Non-IDU, brothel-based vEPv 3.8544
Ever-IDU outdoor-based viPv 0.8388
Ever-IDU, informal indoor-based vspv 0.1047
Ever-IDU, brothel-based vsev 1.4860
Rate (per year) that FSWs re-experience client sexual violence if
previously experienced client sexual violence by sub-group (vS$5Y
Non-IDU, outdoor-based vev 0.9129
Non-IDU, informal indoor-based visv 1.1956
Non-IDU, brothel-based vV 1.7168
Ever-IDU outdoor-based vgv 0.0368
Ever-IDU, informal indoor-based vEsv 0.3442
Ever-IDU, brothel-based vesy 1.1610
Multiplier (relative risk ratio) for increased rate of first-time and repeat RRPHtoCPV 4.40
client physical violence if recently experienced police harassment
Multiplier (relative risk ratio) for increased rate of first-time and repeat RRPHtoCSV 2.00
client sexual violence if recently experienced police harassment
Multiplier (relative risk ratio) for increased rate of first-time and repeat RRCPVtoCSV 3.01
client sexual violence if recently experienced client physical violence
ICU parameters
ICU in 2013 if:
Non-IDU, outdoor-based ICUs1 13.3%
Non-IDU, informal indoor-based ICUg2 13.4%
Non-IDU, brothel-based ICUs2 7.2%
Relative risk (RR) for ICU if ever IDU RRipy 0.98
RR for ICU due to the following workplace violence experiences:
Recent police harassment RRR-pH 1.6
Recent client physical violence RRr-cpv 1.6
Non-recent client physical violence RRNr-cpPv 1.5
Ever client sexual violence RRE-csv 4.6

Note: parameter symbol subscript m = injecting drug status (1= non-IDU, 2 = ever-IDU); parameter symbol subscript
n = work environment (1= outdoor-based, 2 = informal indoor-based, 3 = brothel-based). Baseline values are the
value from the best fitting parameter set if a calibrated parameter, or the value from the corresponding ICU

parameter set if a condom use parameter.

1 Baseline values are from the best fitting parameter set if a calibrated parameter (see Section 2.3.2.4 for further
details), or from the corresponding ICU parameter set if a condom use parameter (see Section 2.3.3)
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Table B4. Posterior range for calibrated parameters

Parameter Symbol Prior Posterior median
range (95% CrI)

Lifetime duration selling sex (years) in each sub-group (kmn)
Non-IDU, outdoor-based K11 16.5-23.3 20.01 (16.87-23.15)
Non-IDU, informal indoor-based K12 16.8-27.1 22.57 (17.48-26.86)
Non-IDU, brothel-based K13 5.4-8.0 6.87 (5.46-7.93)
Ever-IDU outdoor-based K21 28.1-32.2 30.00 (28.14-32.05)
Ever-IDU, informal indoor-based K22 32.2-39.7 36.27 (32.39-39.55)
Ever-IDU, brothel-based K23 23.7-39.4 30.66 (24.57-38.91)

Rate (per year) that FSWs experience police harassment for the

first time by sub-group (abH
Non-IDU, outdoor-based aff 0-0.134 0.094 (0.035-0.127)
Non-IDU, informal indoor-based afH 0-0.066 0.043 (0.007-0.065)
Non-IDU, brothel-based alH 0-0.038 0.025 (0.005-0.037)
Ever-IDU outdoor-based abf 0-0.157 0.125 (0.063-0.156)
Ever-IDU, informal indoor-based abH 0-0.132 0.105 (0.043-0.132)
Ever-IDU, brothel-based alll 0-0.252 0.125 (0.028-0.237)

Rate (per year) that FSWs experience client physical violence

for the first time by sub-group (a$:Y
Non-IDU, outdoor-based altv 0-0.084 0.057 (0.009-0.082)
Non-IDU, informal indoor-based altv 0-0.069 0.042 (0.009-0.068)
Non-IDU, brothel-based altv 0-0.027 0.015 (0.001-0.027)
Ever-IDU outdoor-based astv 0-0.122 0.083 (0.028-0.118)
Ever-IDU, informal indoor-based askv 0-0.096 0.062 (0.017-0.095)
Ever-IDU, brothel-based astv 0-0.256 0.141 (0.008-0.248)

Rate (per year) that FSWs experience client sexual violence for

the first time by sub-group (aSsY
Non-IDU, outdoor-based alv 0-0.060 0.030 (0.002-0.058)
Non-IDU, informal indoor-based als’ 0-0.066 0.024 (0.001-0.064)
Non-IDU, brothel-based alsv’ 0-0.024 0.011 (0.001-0.023)
Ever-IDU outdoor-based ass’ 0-0.076 0.029 (0.006-0.073)
Ever-IDU, informal indoor-based ass’ 0-0.073 0.034 (0.003-0.068)
Ever-IDU, brothel-based agyv 0-0.119 0.064 (0.006-0.115)

Rate (per year) that FSWs re-experience police harassment if

previously experienced police harassment by sub-group (vii
Non-IDU, outdoor-based vPH 0-7.950 5.016 (0.229-7.840)
Non-IDU, informal indoor-based vhi 0-4.493 2.693 (0.355-4.368)
Non-IDU, brothel-based ed 0-12.497  6.916 (1.032-12.101)
Ever-IDU outdoor-based vPH 0-4.438 3.549 (1.951-4.380)
Ever-IDU, informal indoor-based v 0-3.963 2.780 (0.682-3.892)
Ever-IDU, brothel-based viH 0-14.758  6.968 (0.438-14.158)

Rate (per year) that FSWs re-experience client physical

violence if previously experienced client physical violence by

sub-group (v&EY
Non-IDU, outdoor-based vEPv 0-1.856 0.893 (0.040-1.813)
Non-IDU, informal indoor-based vEPv 0-1.614 0.882 (0.048-1.561)
Non-IDU, brothel-based vEeY 0-8.168 4.693 (0.194-7.800)
Ever-IDU outdoor-based vs§ev 0-1.349 0.692 (0.062-1.274)
Ever-IDU, informal indoor-based 144 0-1.260 0.544 (0.074-1.217)
Ever-IDU, brothel-based vEev 0-1.858 0.956 (0.091-1.800)

Rate (per year) that FSWs re-experience client sexual violence

if previously experienced client sexual violence by sub-group

Vin
Non-IDU, outdoor-based eV 0-2.185 0.868 (0.024-1.936)
Non-IDU, informal indoor-based vV 0-1.755 0.782 (0.059-1.640)
Non-IDU, brothel-based visv 0-3.913 1.685 (0.144-3.653)
Ever-IDU outdoor-based vV 0-1.446 0.141 (0.009-0.892)
Ever-IDU, informal indoor-based vgsv 0-0.994 0.361 (0.013-0.952)
Ever-IDU, brothel-based vgsv 0-2.629 1.401 (0.120-2.455)
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Symbol Prior Posterior median
range (95% CrI)
RRPHtoCPV 1.2-2.3

Parameter

Multiplier (relative risk ratio) for increased rate of first-time
and repeat client physical violence if recently experienced
police harassment
Multiplier (relative risk ratio) for increased rate of first-time
and repeat client sexual violence if recently experienced police
harassment
Multiplier (relative risk ratio) for increased rate of first-time
and repeat client sexual violence if recently experienced client
physical violence

Note: parameter symbol subscript m = injecting drug status (1= non-IDU, 2 = ever-IDU); parameter symbol subscript

n = work environment (1= outdoor-based, 2 = informal indoor-based, 3 = brothel-based)

Abbreviations: IDU, injecting drug use; Crl, credible interval.

1.76 (1.26-2.26)

RRPHoCSV — 1.6-3.4
2.29 (1.62-3.30)

RRCPVtoCSV 41_81
5.56 (4.15-7.93)

Table B5. Model estimates of annual incidence rates of violence

Mean incidence rate per 100 pyrs (95% Crl)

Type of workplace violence Police Client physical Client sexual
harassment violence violence

Incidence of first-time workplace violence

among:
All FSWs 5.2 (4.1-6.2) 4.1 (3.3-4.9) 3.3 (2.6-4.3)
Non-IDU, outdoor-based FSWs 9.4 (3.5-12.7) 6.7 (1.1-9.9) 5.5 (0.4-9.9)
Non-IDU, informal indoor-based FSWs 4.3 (0.7-6.5) 4.5 (0.9-7.5) 3.9(0.2-9.4)
Non-IDU, brothel-based FSWs 2.5(0.5-3.7) 1.6 (0.1-2.9) 1.5 (0.1-3.0)
Ever-IDU outdoor-based FSWs 12.5 (6.3-15.6) 10.0 (4.2-14.0) 6.1 (1.8-13.7)
Ever-IDU, informal indoor-based FSWs 10.5 (4.3-13.2) 7.5 (2.2-11.0) 6.4 (1.0-11.7)
Ever-IDU, brothel-based FSWs 12.5(2.8-23.7) 16.5 (1.1-28.7) 12.0 (1.7-23.7)
Outdoor-based FSWs 10.6 (7.0-13.8) 7.6 (4.7-11.5) 5.1 (2.7-10.0)
Informal-indoor based FSWS 6.3 (3.6-9.3) 5.4 (2.6-8.5) 4.8 (1.6-9.7)
Brothel-based FSWs 2.7 (0.8-3.9) 1.9 (0.4-3.2) 1.7 (0.3-3.3)
Non-IDU FSWs 3.4 (2.0-4.6) 2.5(1.4-3.8) 2.1(0.8-3.9)
Ever-IDU FSWs 10.7 (7.2-13.9) 7.9 (5.4-12.5) 5.6 (3.2-9.7)

Incidence of first-time and repeat workplace
violence among:
All FSWs
Non-IDU, outdoor-based FSWs
Non-IDU, informal indoor-based FSWs
Non-IDU, brothel-based FSWs
Ever-IDU outdoor-based FSWs
Ever-IDU, informal indoor-based FSWs
Ever-IDU, brothel-based FSWs
Outdoor-based FSWs
Informal indoor-based FSWS
Brothel-based FSWs
Non-IDU FSWs 41.2 (28.3-54.1) 22.9 (10.3-33.3) 23.5 (9.5-45.4)
Ever-IDU FSWs 95.7 (81.1-106.1) 45.0 (27.6-60.5) 36.1 (18.5-52.8)
Abbreviations: FSWs, female sex workers; IDU, injecting drug use; pyrs, person years; Crl, credible interval

67.8 (63.7-76.5)
87.1 (13.8-117.0)
47.5 (7.4-78.7)
23.3 (5.4-36.9)
99.4 (74.9-114.2)
91.0 (38.9-108.8)
112.3 (24.0-149.9)
94.2 (74.2-108.2)
77.1 (40.5-97.3)
30.3 (13.1-46.3)

33.4 (29.3-39.7)
37.1 (4.4-69.6)
31.2 (2.3-60.3)
13.6 (0.9-28.6)
50.3 (8.7-70.0)
39.2 (7.9-67.3)
59.0 (11.4-106.4)
46.3 (20.9-64.5)
38.4 (10.3-54.0)
17.8 (4.1-33.3)

30.3 (24.9-34.4)
42.0 (5.8-90.8)
40.4 (3.5-80.1)
10.0 (1.0-24.4)
26.3 (3.2-62.2)
40.6 (3.6-92.7)
99.1 (24.4-136.1)
31.4 (12.3-54.3)
40.4 (15.2-72.6)
17.7 (7.6-30.8)
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Table B6. Average prevalence of inconsistent condom use at baseline under the original and

alternative ICU assumptions

Median ICU prevalence (95% CrI)

Original ICU
assumption

Alternative ICU
assumption

All FSWs

Non-IDU, outdoor-based FSWs
Non-IDU, informal indoor-based FSWs
Non-IDU, brothel-based FSWs
Ever-IDU outdoor-based FSWs
Ever-IDU, informal indoor-based FSWs
Ever-IDU, brothel-based FSWs
Outdoor-based FSWs

Informal-indoor based FSWs
Brothel-based FSWs

Non-IDU FSWs

Ever-IDU FSWs

43.1% (24.0%-57.0%)
40.2% (18.5%-66.2%)
47.0% (19.4%-77.2%)
5.9% (2.5%-10.1%)
63.1% (25.8%-88.5%)
70.7% (27.8%-93.4%)
17.4% (5.6%-36.3%)
56.1% (24.5%-80.8%)
64.2% (25.3%-85.3%)
7.2% (3.0%-12.2%)
21.1% (12.9%-30.5%)
63.6% (32.5%-86.0%)

51.1% (33.1%-60.0%)
57.0% (25.5%-72.9%)
56.0% (23.6%-80.3%)
6.5% (2.7%-11.2%)
76.3% (45.3%-90.4%)
80.2% (45.6%-93.4%)
33.6% (11.4%-72.7%)
70.7% (43.9%-82.1%)
72.0% (39.7%-86.8%)
9.3% (3.5%-16.0%)
26.9% (14.8%-34.4%)
74.7% (44.8%-87.3%)

Abbreviations: FSWs, female sex workers; IDU, injecting drug use; ICU, inconsistent condom use; Crl, credible interval
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Table B7. Relative reduction in prevalence of inconsistent condom use by FSW sub-group

Median Relative Reduction in ICU prevalence after 5 years of intervention (95% CrI)

Intervention 1 Intervention 2 Intervention 3 Intervention 4 Intervention 5
FSW sub-group:
Non-IDU, outdoor-based 4.4% (0.8%-14.7%) 12.8% (3.4%-23.1%) 48.1% (17.5%-67.4%) 16.2% (6.0%-27.9%) 56.4% (24.1%-71.6%)
Non-IDU, informal indoor-based 2.1% (0.3%-7.3%) 12.2% (3.1%-17.7%) 47.5% (15.5%-67.0%) 13.8% (5.8%-19.6%) 52.9% (26.7%-70.1%)
Non-IDU, brothel-based 3.4% (0.6%-8.8%) 11.7% (1.5%-20.5%) 19.5% (3.8%-40.0%) 15.1% (2.7%-24.3%) 23.3% (5.9%-41.3%)
Ever-1DU outdoor-based 3.0% (1.1%-7.9%) 9.8% (3.0%-22.8%) 48.7% (22.0%-70.6%) 11.6% (5.0%-24.3%) 57.9% (38.3%-73.1%)
Ever-IDU, informal indoor-based 2.6% (0.8%-6.8%) 7.4% (2.2%-16.7%) 46.0% (18.3%-64.8%) 9.2% (5.0%-17.3%) 54.4% (34.1%-72.1%)
Ever-1DU, brothel-based 2.1% (0.2%-7.2%) 9.9% (4.1%-24.0%) 54.4% (23.2%-74.8%) 11.6% (6.5%-25.3%) 64.1% (41.1%-76.5%)

Abbreviations: FSWs, female sex workers; IDU, injecting drug use; ICU, inconsistent condom use; Crl, credible interval

Intervention key: Intervention 1 - Eliminate police harassment; Intervention 2 - Eliminate client physical violence; Intervention 3 - Eliminate client violence and eliminate ICU
associated with previous exposure to client violence; Intervention 4 - Eliminate workplace violence; Intervention 5 - Eliminate workplace violence and eliminate ICU associated with
previous exposure to workplace
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Table B8. PRCCs for incidence rate of first-time workplace violence

Appendix B

Incidence rate of first-
time police harassment

Incidence rate of first-time
client physical violence

Incidence rate of first-time client

sexual violence per 100 pyrs

per 100 pyrs per 100 pyrs
Parameter PRCC Parameter PRCC Parameter PRCC
alfl 0.93 altv 0.81 alsv 0.83
aff 0.70 alfv 0.59 asy’ 0.64
alll 0.64 ast’ 0.53 a3V’ 0.48
abt 0.62 astv 0.42 alsy 0.45
all 0.61 vsrv -0.41 altv 0.38
K11 -0.37 altv 0.40 RRPHtoCSV 0.33
vPH -0.29 vePv -0.32 vV -0.23
K21 -0.28 vePy -0.32
asy’ -0.25 RRPtoCsV -0.22
ass’ -0.23
K12 -0.23
altv 0.22

Note: PRCC values are presented in descending order of strength. Only PRCCs with an absolute value of 0.2
or more are shown. The ‘a’ parameters relate to rates of first-time workplace violence, ‘v’ parameters relate

to repeat rates of workplace violence, and ‘«’ parameters relates to lifetime duration selling sex.

Table B9. PRCCs for incidence rate of first-time and repeat workplace violence

Incidence rate of first-time

Incidence rate of first-time

Incidence rate of first-time

and repeat police and repeat client physical and repeat client sexual
harassment per 100 pyrs violence per 100 pyrs violence per 100 pyrs
Parameter PRCC Parameter PRCC Parameter PRCC
vEH 0.74 verv 0.86 vgsv 0.73
afl 0.58 vsbv 0.73 vssv 0.62
vEH 0.57 verv 0.59 RRPHtoCsV 0.49
vPH 0.53 RRPHtoCPY 0.56 vesv 0.48
abl 0.53 altv 0.44 afsv 0.33
vl 0.28 vEeey 0.38 vesv 0.27
ags’ -0.27 vekv 0.36 veEv 0.26
afl 0.27 RRPHtoCSV 0.34 vev 0.23
VeV -0.27 verv 0.33 RRCPVtoCSY 0.23
vgY -0.26 vhl 0.33 all 0.22
alH 0.23 K11 0.21 vgsY 0.21
vssY -0.23 ass’ 0.21
vPH 0.22 afs’ 0.21
altv 0.20
abl 0.20

Note: PRCC values are presented in descending order of strength. Only PRCCs with an absolute value of 0.2 or
more are shown. The ‘a’ parameters relate to rates of first-time workplace violence, the ‘v’ parameters relate

to repeat rates of workplace violence, and ‘«’ parameters relates to lifetime duration selling sex.
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Table B10. PRCCs for relative reduction in prevalence of client violence due to elimination of
police harassment

Client physical violence Client sexual violence
Parameter PRCC Parameter PRCC
RRPHtoCPV 0.96 RRPHtoCSV 0.89
vhl 0.46 RRPHtoCPV 0.56
vEePv -0.34 vPiH 0.43
vEH 0.33 vgsv 0.34
altv -0.32 all 0.33
vePy -0.23 vEsY -0.32
K12 -0.21 viH 0.30

vesv -0.28
K13 -0.26
aff’ -0.25
VvEeRv -0.22
vPH 0.22
ass’ -0.21

Note: PRCC values are presented in descending order of strength. Only PRCCs with an absolute value of 0.2
or more are shown. The ‘@’ parameters relate to rates of first-time workplace violence, the ‘v’ parameters
relate to repeat rates of workplace violence, and ‘k’ parameters relates to lifetime duration selling sex.
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Table B11. PRCCs for relative reduction in prevalence of ICU by intervention

Intervention 1 - Intervention 2 - Intervention 3 - Intervention 4 - Intervention 5 -
Relative reduction in Relative reduction in Relative reductionin  Relative reduction in Relative reduction in
prevalence of ICU prevalence of ICU prevalence of ICU prevalence of ICU prevalence of ICU
Parameter PRCC Parameter PRCC Parameter PRCC Parameter PRCC Parameter PRCC

K11 -0.40 astv 0.40 astv 0.31 astv 0.36 astv 0.29
viH 0.35 astv 0.29 alf -0.29 K11 -0.32 vy -0.28
alsv -0.34 RRPHtoCPY 0.25 verv -0.28 vEePY -0.26 K21 -0.27
aftv -0.34 vEPv -0.23 astv 0.26 RRPHtoCPY 0.26 vy 0.27
vEPY -0.33 K13 0.22 ast’ 0.26 eV 0.25 afl -0.26
vPH 0.29 astv 0.21 &V 0.26 astv 0.25 RRPHtoCPV 0.25
vErv -0.27 vesv 0.20 alH -0.25 vEH 0.24 K11 -0.25
ags’ -0.26 RRPHtoCPY 0.22 vPH 0.23 RRCPVtoCSy 0.24

RRPHtoCPV 0.24 RRPHtoCSV -0.22 aft -0.21
vEv -0.23 als’ 0.22 astv 0.20
viH 0.23 eV -0.21

Ko1 -0.23
v§Pv -0.21
vgsv 0.21
altv -0.21
vili -0.20
vesv 0.20

Note: PRCC values are presented in descending order of strength. Only PRCCs with an absolute value of 0.2 or more are shown. The ‘a@’ parameters
relate to rates of first-time workplace violence, the ‘v’ parameters relate to repeat rates of workplace violence, and ‘«’ parameters relates to lifetime
duration selling sex.

232



Appendix B

Ever experienced police harassment Recently experienced police harassment
100 100
[ I voce
go 1 [ oot 80 { [ opata
& &
e 60 2 60 A
c c
K L}
® [
> >
Qo 40 Qo 40 A
o o
20 A 20 A
0 — 0 ﬂ‘l_‘
Non-IDU, Non-IDU, Non-IDU, Ever-IDU, Ever-IDU, Ever-IDU, Non-IDU, Non-IDU, Non-IDU, Ever-IDU, Ever-IDU, Ever-IDU,
Outdoor Informal Brothel Outdoor Informal Brothel Outdoor Informal Brothel Outdoor Informal Brothel
Ever experienced client physical violence Recently experienced client physical violence
100 100 A
[ [
o | 3 oma 0 | [ owe
— —
g 8
2 60 2 60
c c
2 2
®© ®
> >
Qo 40 Qo 40
o o
20 A 20 A
0 ﬂ‘l_‘ — 0 A‘I_I
Non-IDU, Non-IDU, Non-IDU, Ever-IDU, Ever-IDU, Ever-IDU, Non-IDU, Non-IDU, Non-IDU, Ever-IDU, Ever-IDU, Ever-IDU,
Outdoor Informal Brothel Outdoor Informal Brothel Outdoor Informal Brothel Outdoor Informal Brothel
Ever experienced client sexual violence Recently experienced client sexual violence
100 A 100
w | [ owe o | [ ow
— —
X X
8 60 A 8 60 A
c c
2 <
®© [
> >
Q40 4 Q40 A
o o
N N hjr‘ ﬁ‘Jr‘ m er‘
0 ﬂ‘l_‘ — 0 ‘J‘I_I
Non-IDU, Non-IDU, Non-IDU, Ever-1DU, Ever-IDU, Ever-IDU, Non-IDU, Non-IDU, Non-IDU, Ever-IDU, Ever-1DU, Ever-IDU,
Outdoor Informal Brothel Outdoor Informal Brothel Outdoor Informal Brothel Outdoor Informal Brothel

Figure B1. Prevalence of workplace violence by FSW sub-group: Model projections compared to
cross-validation AESHA data. PH, police harassment; CPV, client physical violence; CSV, client sexual
violence; IDU, injecting drug user. Coloured bars represent the median value of the model fits or the point
estimate from AESHA data, and error bars represent the 95% credible interval of the model fits or the 95%
confidence interval of the point estimate from AESHA data.
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(4)
FracIDU
FracOutdoor
FracInformal

FracBrothel

l T T T T T
4.8 4.9 5 5.1 52 53 54

Incidence rate of first-time police harassment per 100 pyrs

I Lowvalve [ High Value

(B)
FraclDU
FracOutdoor
Fracinformal

FracBrothel

l T T T T T 1
3.5 3.6 3.7 3.8 3.9 4 4.1

Incidence rate of first-time client physical violence per 100 pyrs

[ Lowvalve [N High Value

©
FracIDU
FracOutdoor
Fracinformal

FracBrothel

I T T T T T 1
3.55 3.6 3.65 3.7 3.75 3.8 3.85

Incidence rate of first-time client sexual violence per 100 pyrs
- Low value - High Value

Figure B2. Tornado plot of univariate sensitivity analyses showing the impact of fixed parameters and
important parameters from PRCC analysis on A) incidence of first-time police harassment, B) incidence of
first-time client physical violence and C) incidence of first-time client sexual violence. The black vertical

lines show the outcome estimate at baseline.
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(4)
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Figure B3. Tornado plot of univariate sensitivity analyses showing the impact of fixed parameters and
important parameters from PRCC analysis on A) incidence of first-time and repeat police harassment, B)
incidence of first-time and repeat client physical violence and C) incidence of first-time and repeat client
sexual violence. The black vertical lines show the outcome estimate at baseline.
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(4)
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Figure B4. Tornado plot of univariate sensitivity analyses showing the impact of fixed parameters and
important parameters from PRCC analysis on relative reduction in prevalence of A) client physical violence
and (B) client sexual violence due to elimination of police harassment (Intervention 1). The black vertical
lines show the outcome estimate at baseline.
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Figure B5. Tornado plot of univariate sensitivity analyses showing the impact of fixed parameters and
important parameters from PRCC analysis on relative reduction in prevalence of inconsistent condom use
due to Interventions 1- 5 (A-E). The black vertical lines show the outcome estimate at baseline.
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Figure B6. Relative reduction in prevalence of inconsistent condom use among all FSWs after 5
years of each intervention: original ICU assumption versus alternative ICU assumption. Coloured
bars represent the median value of the model fits and error bars represent the 95% credible interval of the
model fits. Intervention key: Intervention 1 - Eliminate police harassment; Intervention 2 - Eliminate
client physical violence; Intervention 3 - Eliminate client violence and eliminate ICU associated with
previous exposure to client violence; Intervention 4 - Eliminate workplace violence; Intervention 5 -
Eliminate workplace violence and eliminate ICU associated with previous exposure to workplace.
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Figure B7. Prevalence of ever experiencing police harassment by FSW sub-group: Alternative model
calibration vs original model calibration and data. IDU, injecting drug use. Coloured bars represent the median
value of the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval of
the model fits or the 95% confidence interval of the point estimate from AESHA data.
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Figure B8. Prevalence of recently experiencing police harassment by FSW sub-group: Alternative model
calibration vs original model calibration and data. IDU, injecting drug use. Coloured bars represent the median
value of the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval of
the model fits or the 95% confidence interval of the point estimate from AESHA data.

100

I Model - Original Calibration
I:l Model - Alternative Calibration T

80 - Data e

70 1

60 T 1

50 ] ] 1
40 -

30 +

20 + -

10 - B

0 - T T T T T

Non-IDU, Non-IDU, Non-IDU, Ever-IDU, Ever-IDU, Ever-IDU,

Outdoor Informal Brothel Outdoor Informal Brothel

90 -

Ever experienced client physical violence (%)

Figure B9. Prevalence of ever experiencing client physical violence by FSW sub-group: Alternative model
calibration vs original model calibration and data. IDU, injecting drug use. Coloured bars represent the median
value of the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval of
the model fits or the 95% confidence interval of the point estimate from AESHA data.
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Figure B10. Prevalence of recently experiencing client physical violence by FSW sub-group: Alternative model
calibration vs original model calibration and data. IDU, injecting drug use. Coloured bars represent the median
value of the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval of
the model fits or the 95% confidence interval of the point estimate from AESHA data.
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Figure B11. Prevalence of ever experiencing client sexual violence by FSW sub-group: Alternative model
calibration vs original model calibration and data. IDU, injecting drug use. Coloured bars represent the median
value of the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval of
the model fits or the 95% confidence interval of the point estimate from AESHA data.
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Figure B12. Prevalence of recently experiencing client sexual violence by FSW sub-group: Alternative model
calibration vs original model calibration and data. IDU, injecting drug use. Coloured bars represent the median
value of the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval of
the model fits or the 95% confidence interval of the point estimate from AESHA data.
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Figure B13. Prevalence of experiencing multiple types of workplace violence among all FSWs: Alternative model calibration vs original model calibration
and data. PH, police harassment; CPV, client physical violence; CSV, client sexual violence. Coloured bars represent the median value of the model fits or the point

estimate from AESHA data, and error bars represent the 95% credible interval of the model fits or the 95% confidence interval of the point estimate from AESHA
data.
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Figure B14. Incidence rates of first-time workplace violence among all FSWs and by FSWs work
environment: Alternative model calibration vs original model calibration and data. (A) Police
harassment (B) Client physical violence. (C) Client sexual violence. Coloured bars represent the median
value of the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval
of the model fits or the 95% confidence interval of the point estimate from AESHA data.
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Figure B15. Incidence rates of first-time and repeat workplace violence among all FSWs and by FSWs
work environment: Alternative model calibration vs original model calibration and data. (A) Police
harassment (B) Client physical violence. (C) Client sexual violence. Coloured bars represent the median
value of the model fits or the point estimate from AESHA data, and error bars represent the 95% credible interval
of the model fits or the 95% confidence interval of the point estimate from AESHA data.
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Figure B16. Relative reduction in prevalence of inconsistent condom use among all FSWs after 5
years of each intervention: Original model calibration vs alternative model calibration. Coloured
bars represent the median value of the model fits and error bars represent the 95% credible interval of the
model fits. Intervention key: Intervention 1 - Eliminate police harassment; Intervention 2 - Eliminate
client physical violence; Intervention 3 - Eliminate client violence and eliminate ICU associated with
previous exposure to client violence; Intervention 4 - Eliminate workplace violence; Intervention 5 -
Eliminate workplace violence and eliminate ICU associated with previous exposure to workplace.
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Table C1. Factors associated with violence against FSWs1

Study

Alemayehu et
al 2015 [1]
(Ethiopia)

k%

Argento et al
2014 [2]
(Canada)

sk

Beattie et al
2010 [3]
(India)

Beletsky et al
2012 [4]
(Mexico)

k%

Berger et al
2016 [5]

(Swaziland)
*%

Bhattacharjee
etal 2013 [6]
(India)

Study dates,
design, sample
2013;
Cross-sectional;
250 FSWs

2010-2012
Longitudinal
387 FSWs

2005-2009
Cross-sectional
3852 FSWs
(1882 at
baseline and
1970 at follow-

up)

2008-2009
Cross-sectional
624 FSW-IDUs

2011
Cross-sectional
325 FSWs

2005-2010
Cross-sectional
1750 FSWs

Factor/s

Basic literacy vs completion of university-level education

Completion of elementary school vs completion of university-level education
Completion of secondary school vs completion of university-level education
Married vs unmarried

Household monthly income of 51.2-101.9 vs <51.1 USD

Household monthly income of 102-153.1 vs <51.1 USD

Drug use

Duration in sex work of 1-4 years vs 10 or more years

Age (per year increase)

Physically and/or sexually abused before age 18

Less than daily prescription opioid use (past 6 months)

Inconsistent condom use for vaginal and/or anal sex with intimate partner
(past 6 months)

Financial support provided to intimate partner (past 6 months)

Sources drugs from intimate partner (past 6 months)

Participant in follow-up vs baseline

Sexual abuse by a police officer (past 6 months)

Groin injection (past month)

Normally inject in public (past month)

Obtained syringes from pharmacy (past month)

HIV positive

Years of education completed (per year increase)
Often/always injected drugs with a client around (past month)
Ever been blackmailed as a result of selling sex

Ever felt afraid to seek health services because of selling sex
Non-injection illicit drug use (past year)

Membership in peer group or collective
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Violence outcome measure/s

SV, ever
SV, ever
SV, ever
SV, ever
SV, ever
SV, ever
SV, ever
SV, ever
IPV, past 6 months
IPV, past 6 months
IPV, past 6 months
IPV, past 6 months

IPV, past 6 months
IPV, past 6 months
Beaten or raped, past year

SC by police, past 6 months
SC by police, past 6 months
SC by police, past 6 months
SC by police, past 6 months
SC by police, past 6 months
SC by police, past 6 months
SC by police, past 6 months
PSV, ever

PSV, ever

PSV, ever

PV, past 6 months

Did not give bribe to police to avoid

trouble

AOR (95% CI)

5.38 (1.15-25.2)
6.96 (1.55-31.25)
7.93 (1.65-38.16)
3.85 (1.34-11.09)
2.44 (1.12-5.37)
7.94 (2.46-25.58)
5.37 (1.78-16.21)
11.57 (1.56-85.6)
0.96 (0.93-0.98)
2.05 (1.14-3.69)
1.72 (1.02-2.89)
1.84 (1.07-3.16)

1.65 (1.05-2.59)
1.62 (1.02-2.56)
0.70 (0.53-0.93)

12.76 (6.58-24.72)

1.84 (1.15-2.93)
1.64 (1.14-2.36)
1.54 (1.06-2.23)
2.54 (1.11-5.80)
0.92 (0.87-0.98)
0.64 (0.44-0.94)
1.93 (1.07-3.52)
1.74 (1.01-2.99)
1.84 (1.02-3.33)

0.70 (0.53-0.92)
1.46 (1.04-2.06)

Abbreviations, definitions
and other details

SV (sexual violence) defined
as experiencing one or more
of the following: verbal
sexual assault, unwanted
genitalia touch, forceful
sexual intercourse, physical
harm, and pressure to have
sex without a condom

IPV (intimate partner
violence) defined as
moderate or severe sexual
and/or physical violence by
any male intimate (non-
commercial) partner

Structural intervention
implemented and expanded
over time since 2004 in
study setting; raped defined
as being physically forced to
have sexual intercourse
with someone when you did
not want to

SC (syringe confiscation)

PSV (physical and sexual
violence) defined as ever
being beaten up as a result
of selling sex or ever being
forced to have sex since the
age of 18 or both

Structural intervention
implemented and expanded
over time since 2004 in
study setting; PV (physical
violence) defined as being
hurt, slapped, pushed,
kicked, punched, choked, or
burned



Bhattacharjee
etal 2016 [7]
(India)

k%

Blanchard et
al 2005 [8]
(India)

Blanchard et
al 2013 [9]
(India)
Carlson et al
2012 [10]
(Mongolia)

Chersich et al
2007 [11]
(Kenya)

Chersich et al
2014 [12]
(Kenya)

*k

Choi et al
2011 [13]
(China)

2008-2009
(round 2);
2010-2011
(round 3);
Cross-sectional;
4110 FSWs

2002
Cross-sectional
1588 FSWs

2010
Cross-sectional
1750 FSWs
2007-2009
RCT (baseline,
and 3 and 6
months post
intervention)
222 FSWs

2005-2006
Cross-sectional
719 FSWs

2006
Longitudinal
400 HIV-ve
FSWs

2007-2008
Cross-sectional
491 FSWs

Round 3 survey vs round 2 survey

Illiterate vs literate

Income solely from sex work

Practise sex work outside of home district
Solicit on the street/public place vs home

Solicit in brothels vs home
No. of clients (per average week) = 10 vs <10

Age at start of sex work 25-29 years vs < 19 years
Participant was Devadasi (traditional sex work) vs non-Devadasi

Rural residence vs urban residence
Illiterate vs can read and write
Work at home vs brothel, lodge or public place

Power with others i.e. collective identity and solidarity (per one unit increase
in empowerment level)

Participated in wellness intervention

Participated in risk-reduction intervention

Participated in risk-reduction and motivational interview intervention

Binge vs non-binge drinker

Never married vs separated or divorced
Widowed vs separated or divorced

No. of sexual partners (increase per 1 partner)
Harmful or dependent drinking vs no drinking

Hazardous drinking vs no drinking

Sexual health knowledge (per one unit increase)
Thai vs mainland Chinese

Vietnamese vs mainland Chinese

Junior secondary vs primary or lower education
Economic pressure (per one unit increase)
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Arrest, ever

Arrest, past year

Arrest during a routine raid
Arrest, ever

Arrest, past year
Arrest, ever

Arrest, past year
Arrest, ever

Arrest, past year
Arrest, ever

Arrest, past year
Arrest, ever

Arrest, ever

Arrest, past year
Arrest, ever

CSV, past year

Police harassment, ever
Police harassment, ever
CSV, past year

CSV, past year

Police harassment, ever

Violence or abuse by more powerful

groups

PV, past 90 days, any partner
SV, past 90 days, any partner

PV or SV, past 90 days, any partner

PV, past 90 days, any partner
SV, past 90 days, any partner

PV or SV, past 90 days, any partner

PV, past 90 days, any partner
SV, past 90 days, any partner

PV or SV, past 90 days, any partner

CSV, past year
CSV, past year
CSV, past year
CSV, past year
SV, past year
PV, past year
PV, pastyear

Client violence
Client violence
Client violence
Client violence
Client violence

0.63 (0.48-0.83)
0.59 (0.41-0.86)
0.21 (0.11-0.42)
1.44 (1.09-1.90)
1.49 (1.03-2.16)
2.00 (1.56-2.56)
1.74 (1.24-2.44)
1.61 (1.19-2.19)
1.78 (1.20-2.62)
2.27 (1.61-3.20)
2.22 (1.40-3.53)
3.01 (1.90-4.77)
2.27 (1.72-3.00)
2.27 (1.55-3.32)
0.59 (0.38-0.91)
0.41 (0.28-0.61)
0.40 (0.27-0.60)
2.27 (1.56-3.33)
1.44 (1.03-2.00)
0.44 (0.30-0.63)
0.36 (0.25-0.52)
1.34 (p<0.05)

0.15 (0.07-0.35)
0.05 (0.02-0.14)
0.20 (0.10-0.43)
0.11 (0.04-0.34)
0.06 (0.02-0.19)
0.14 (0.03-0.61)
0.29 (0.13-0.65)
0.15 (0.08-0.33)
0.46 (0.24-0.88)
1.85 (1.27-2.71)
1.65 (1.10-2.48)
2.26 (1.17-4.35)
1.14 (1.09-1.19)
4.14 (1.93-8.89)
8.40 (3.92-17.96)
3.07 (1.69-5.58)

b=0.19 (p<0.05)

b=-0.80 (p<0.05)
b=-1.05 (p<0.05)
b=-0.72 (p<0.05)
b=0.22 (p<0.001)

Structural intervention
implemented and expanded
over time since 2004 in
study setting

CSV (client sexual violence)
defined as a client using
violence to force sex

PV (physical violence); SV
(sexual violence); violence
measured using Revised
Conflict Tactics Scale

CSV (client sexual violence)
defined as any client
physically forcing them to
have sex without payment
SV (sexual violence) defined
as being physically forced to
have sex when they did not
want to; PV (physical
violence) defined as being
pushed, slapped, hit or
kicked by a partner

Client violence is a score
based on seven
questionnaire items relating
to client verbal violence
(including verbal insults
and threats); client physical



Conners et al
2015 [14]
(Mexico)

ks

Decker et al
2010 [15]
(Thailand)

Decker et al
2016 [16]
(Cameroon)
*%k

Deering et al
2012 [17]
(Canada)

kk

2013-2014
Cross-sectional
603 FSWs

2007
Cross-sectional
815 FSWs

Cross-sectional
1817 FSWs

2010
Cross-sectional
207 FSWs

Seeing violence toward sex workers from clients
More than half of clients use drugs

More than half of clients are foreign

Street worker occupation

Participant was trafficked

Lifetime physical and/or sexual violence

Olympics period vs post-Olympics period
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Client violence, past 6 months
Client violence, past 6 months
Client violence, past 6 months
Client violence, past 6 months

Sexual violence at sex work initiation
Workplace violence or mistreatment,
past 7 days

Arrest, ever

Jailed or imprisoned, ever

Refused police protection due to being
a sex worker, ever

Police harassment (stopping or
following SWs) without arrest, last
month

5.61(1.83-17.21)
3.96 (1.51-10.38)
3.47 (1.43-8.44)
2.98 (1.16-7.65)

2.29 (1.11-4.72)
1.38 (1.13-1.67)

2.02 (1.64-2.49)
1.87 (1.11-3.15)
1.41 (1.12-1.78)

3.95 (1.92-8.14)

violence (including
incidents where the client
threw something at the
respondent; pushed,
grabbed, shoved, slapped,
spanked, kicked, bit, or hit
the respondent with a fist;
hit or tried to hit the
respondent with a hard
object; beat up, threatened
the respondent with a gun
or knife; actually used a gun
or knife on the sex

worker); and clients sexual
violence (including the use
of threats or force to make
her have oral or anal sex or
to have vaginal sex when
she wanted to terminate the
transaction)

Client violence defined as
any sexual violence (forced
or coerced into having sex
or engaging in a sexual
activity against your will) or
physical violence
(physically abused) by a
client

Workplace violence defined
as being yelled at, hit, forced
to perform sex acts you did
not

want to perform, not paid,
paid less than agreed, or
made to do other things you
didn’t want to within the
work setting

Physical violence defined
been beaten up or
physically hurt by someone
because you are a sex work;
Sexual violence defined as
been forced to have sex
when you did not want to
All SWs are brothel-based



Deering et al
2013 [18]
(India)

El-Bassel et al
2001 [19]
(USA)

Erausquin et
al 2011 [20]
(India)

Fawole et al
2014 [21]
(Nigeria)

*k

Fonner et al
2014 [22]
(Swaziland)
*%k

George et al
2011 [23]
(India)

George et al
2013 [24]
(India)

Goetal 2011
[25] (India)

2007-2008
Cross-sectional
1219 FSWs

1996-1997
Cross-sectional
105 FSWs

2009-2010
Cross-sectional
835 FSWs

2009
Cross-sectional
305 FSWs

2011
Cross-sectional
325 FSWs

2010
Cross-sectional
1138 FSWs

2010
Cross-sectional
1137 FSWs

2002
Cross-sectional
522 FSWs

Arrested in the last year

Intravenous heroin use
Traded sex for money or drugs at a crack house

Police had sex with respondent so she could avoid trouble (past 6 months)
Police accepted bribe or gift from respondent so she could avoid trouble (past
6 months)

Police took condoms away (past 6 months)

Police raided workplace (past 6 months)

Police arrested respondent (past 6 months)

Age = 30 years vs < 25 years

Permanent vs temporary brothel resident

Duration in sex work >5 years vs <1 year

Good knowledge on violence types
High vs low social cohesion

High vs low social participation

Contract work , past 6 months

Trafficked into sex work

Had unprotected sex with a non-spousal partner in past 3 months and 220
days of alcohol consumption in past 30 days vs no unprotected sex with a non-
spousal partner in past 3 months and 0-9 days of alcohol consumption in past
30 days

Spoke with 1-5 people about family violence in last 3 months vs spoke to no
one
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Client violence, past year

Client violence, past year
Client violence, past year

Client violence, past 6 months
Client violence, past 6 months

Client violence, past 6 months
Client violence, past 6 months
Client violence, past 6 months
NY%
Y%
NY%
PV
PV

Refused police protection, ever
Verbal/physical harassment, ever

PV, past 6 months
SV, past 6 months

SV, past 6 months
PV or SV, past 6 months

Sexual violence, any partner, past 3
months

1.84 (1.02-3.31)

9.81 (2.67-36.00
8.70 (2.11-35.78)

3.06 (1.89-4.93)
3.16 (2.00-4.98)

5.62 (3.22-9.82)
4.64 (3.16-6.81)
7.14 (4.45-11.44)
2.23 (1.15-4.36)
2.08 (1.22-3.55)
2.01 (0.98-4.10)
4.40 (1.84-10.51)
0.45 (0.26-0.77)

0.53 (0.31-0.90)
0.55 (0.33-0.91)

3.16 (2.01-4.95)
2.14 (1.16-3.95)

2.09 (1.42-3.06)
1.93 (1.34-3.01)

2.66 (1..13-6.29)

0.61 (0.44-0.86)

Client violence defined as
any physical violence (hurt,
hit, slapped, pushed, kicked,
punched, choked, burned)
or sexual violence (beaten
or otherwise physically
forced to have sexual
intercourse with someone
even though you didn’t want
to)

All street-based SWs; client
violence defined as any
physical violence (physical
abuse) or sexual violence
(forced to have sex when
you did not want to, or
sexually abused or raped)
Client violence defined as
any physical violence
(beating) or sexual violence
(forced sexual intercourse)

All FSWs are brothel-based;
SV (sexual violence); PV
(physical violence

PV (physical violence)
assessed with 5 items; SV
(sexual violence) assessed
using 10 items

PV (physical violence)
assessed with 6 items; SV
(sexual violence) assessed
using 8 items

All FSWs from near wine
shops; SV (sexual violence)
defined as being forced
(threatened, pressured or
physically forced) to have
sex by a partner when you
did not want to because you
were afraid to refuse



Goldenburg et
al 2014 [26]
(Canada)

k%

Gupta et al
2011 [27]
(India)

Hail-Jares et al

2015 [28]
(China)

Hok

Hong et al
2013 [29]
(China)

2010-2011
Cross-sectional
508 FSWs

2006
Cross-sectional
812 FSWs

2011-2012
Cross-sectional
218 FSWs

Cross-sectional
937 FSWs

Early sex work entry (<18 years)
Early sex work entry (<16 years)

Entered sex work via trafficking

Financial support from <1 source vs 3+ sources
Lack of financial support from sisters/peer SWs
Lack of psychosocial support from sisters/peer SWs
Lack of psychosocial support from family

Non-Han ethnicity

Had > middle school education
Living with stable partners

Level 2 venue (night club, KTV, bar or dancing hall) vs Level 1 venue (sauna)
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Arrested on sex work charges, ever
Arrested on sex work charges, ever

Any violence, past 6 months
PV or SV violence, past 6 months

IPV
IPV
IPV
Client violence, past 6 months

Client violence
Stable partner violence
Stable partner violence
Stable partner violence
Client violence

2.07 (1.32-3.25)
2.75 (1.73-4.36)

1.93 (1.32-2.81)
1.99 (1.36-2.90)

2.5 (1.1-5.9)
3.2 (1.6-6.6)
5.1(2.2-11.8)
2.2 (1.0-4.6)

1.91 (1.10-2.98)
1.54 (1.04-2.26)
0.55 (0.39-0.77)
1.55 (1.11-2.16)
0.64 (0.43-0.96)

PV (physical violence)
defined as being beaten (e.g.
hit, slapped, pushed, kicked,
punched, choked or burned)
; SV (sexual violence)
defined as being forced to
have vaginal, anal or oral
sex against your will; any
violence defined as any
physical, sexual or severe
violence; severe violence
defined as being threatened
with a knife or gun or had a
weapon used against you
All FSWs are street-based;
IPV (intimate partner
violence) defined as any
experience of a partner
throwing something or
hitting her, or withholding
money, or forcing her to
have sex with someone
against her will, or
threatening to no longer
help in terms of finances or
housing, or threatening to
hurt her family or friends,
or intentionally destroying
personal property or
threatening to tell others
that she is a sex worker;
client violence defined as
any experience of a client
throwing something or
hitting her, or withholding
money, or forcing her to
have sex with someone
against her will, or verbally
insulting or yelling at her
Violence from clients or
stable partners includes any
physical violence (e.g.,
slapped you or threw
something at you that could
hurt you; pushed you or
shoved you or pulled your
hair; kicked you; dragged



Katsulis et al
2015 [30]
(Mexico)

Hok

Micheni et al
2015 [31]
(Kenya)

*k

Muldoon et al
2015 [32]
(Uganda)

*k

Muldoon et al
2015 [33]
(Canada)

*k

1999-2001
Cross-sectional
140 FSWs

2005-2014
Longitudinal
367 FSWs

2011-2012
Cross-sectional
400 SWs

2010-2012
Cross-sectional
257 SWs

Insecure housing
Outdoor sex work

Alcohol use (past month)

Service clients in a bar/club (past 6 months)
Inconsistent condom use with any client (past 6 months)
Manager or pimp (past 6 months)

Rushed client negotiations because of police presence

Low vs high sexual relationship power
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Any violence, ever
Sexual violence, ever

Rape
Physical assault

Client violence, past 6 months
Client violence, past 6 months
Client violence, past 6 months
Client violence, past 6 months

IPV, past 6 months

Moderate physical violence, past 6

months

Severe physical violence, past 6

months

Sexual violence, past 6 months

3.74 (1.38-10.07)

44 (1.41-14.0)
12.3 (1.8-85.6)

2.07 (1.19-3.59)
2.87 (1.54-5.35)
2.05 (1.24-3.39)
1.61 (1.03-2.52)

8.36 (3.01-23.20)
7.56 (2.06-27.74)

10.47 (2.26-48.57)

10.87 (1.32-89.23)

you or beat you up), sexual
violence (e.g., forced you
into intercourse; inserted
something into your
genitals), and psychological
abuse (e.g., belittled or
humiliated you in front of
others; threatened to hurt
you or someone you care
about). Violence from
stable partners also
includes any of the
following: ignoring you for a
long time, threat of
separating you from your
children or terminating
your pregnancy, and
restriction of your freedom.
Any violence defined as
experiencing either verbal
violence (e.g. threats),
economic violence (e.g.
robbery), physical violence
(e.g. slaps, kicks, punches,
use of a weapon), or sexual
violence (e.g. rape or
attempted rape)

Client violence defined as
experiencing any of the
following from a client:
physical assault, attempted
sexual assault, rape, gang
rape, locked in a car,
abducted/kidnapped,
thrown out of a moving car,
strangled, assaulted with a
weapon, or genital
mutilation

All SWs have a non-
commercial partner; IPV
(intimate partner violence)
defined as any physical,
sexual, and emotional
violence; moderate physical
violence defined as slapped
or pushed/shoved; severe



Odinokova et
al 2014 [34]
(Russia)

Pack et al
2014 [35]
(Kenya)
*%

Platt et al
2011 [36]
(UK)

Reed et al
2010 [37]
(India)

2007-2008
Cross-sectional
896 FSWs

2011-2012;
Cross-sectional;
619 FSWs

2008-2009
Cross-sectional
268 FSWs

2007
Cross-sectional
673 FSWs

College/university education vs secondary/vocational school (both study sites

combined = St Petersburg and Orenburg)
Binge alcohol use (past year) (Orenburg only)

Injection drug use the day prior to study enrolment (both study sites

combined)

Street sex work (both study sites combined)

Street sex work (St Petersburg only)

Street sex work (Orenburg only)

Ever raped during sex work (both study sites combined)
Ever raped during sex work (St Petersburg only)

Visited Likoni drop-in centre vs Chaani drop-in centre
Provide financial support to one or two others vs no one
Physical or sexual child abuse

Witnessed mother abuse

Condom use at last sex with a non-paying partner
Hazardous alcohol use vs harmful alcohol use (last month)

Currently has a non-paying partner
Alcohol AUDIT score 2 3 vs <3
Ever arrested or imprisoned

Currently in debt
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Police sexual coercion

Partner violence, past
Partner violence, past
Partner violence, past
Partner violence, past
Partner violence, past
Partner violence, past

CPV, past 12 months
CPV, past 12 months
CPV, past 12 months

PV, past 6 months

month
month
month
month
month
month

0.66 (0.45-0.98)

2.98 (1.20-7.4)
1.94 (1.15-3.3),
8.03 (4.58-14.07)

20.70 (8.07-53.08)

4.44 (2.18-9.06)
2.09 (1.46-2.99)
2.19(1.44-3.33)

0.18 (0.09-0.36)
2.14 (1.07-4.27)
2.47 (1.54-3.95)
1.64 (1.05-2.57)
0.50 (0.31-0.81)
2.60 (1.56-4.32)

2.0 (1.03-3.96)
0.4 (0.21-0.82)
2.6 (1.14-5.71)

2.4 (1.5-3.9)

physical violence defined as
hit, kicked or beaten up,
chocked or burnt, or
threatened or used a gun or
other weapon; sexual
violence defined as forced to
have sex against their will,
having sex when frightened
of consequences, or forced
to perform something
sexually degrading

All FSWs are moderate risk
drinkers; partner violence is
defined as either being
beaten or physically abused
by a client, threatened or
verbally abused by a client,
robbed or not paid as
agreed by a client, forced to
have sex with a client when
you did not want to, forced
to do other sexual things
that you did not agree to,
forced to have sex without a
condom, beaten or
physically abused by a non-
paying partner, or forced to
have sex with a non-paying
partner when you did not
want to.

All indoor FSWs; CPV (client
physical violence) defined
as reporting one or more of
the following incidences:
being robbed, hit, beaten,
threatened, attacked with a
weapon, kidnapped

PV (physical violence)
defined as being beaten (e.g.
hit, slapped, pushed, kicked,



Reed et al
2011 [38]
(India)

Reed et al
2012 [39]
(India)

Richter et al
2012 [40]
(South Africa)

*%k

Saggurti et al
2012 [41]
(India)

Schwitters et
al 2014 [42]
(Uganda)

*%

Semple et al
2015 [43]
(Mexico)

*%k

2007
Cross-sectional
673 FSWs

2007
Cross-sectional
673 FSWs

2010
Cross-sectional
1653 FSWs

Cross-sectional
5498 FSWs

2012
Cross-sectional
1467 FSWs

2011-2013
Cross-sectional
1089 FSWs

High residential instability (>5 evictions in past 5 years)

High mobility (having worked in =3 villages/towns in the past year)

Outdoor sex work vs indoor sex work

Duration in sex work 1-5 years vs <1 year

Duration in sex work >5 years vs <1 year

From Sandton (Johannesburg) vs Cape Town

From Rustenburg vs Cape Town

24 moves in past 2 years vs 2-3 moves

Stayed for <1 month in previous 2 places vs more than 1 month
Visited Jatra (special religious festival) places

Visited a place frequented by seasonal male migrant workers
Years as a sex worker

Sex with client at home vs in open space

Sex with client at client’s/other home vs in open space

Sex with client at hotel vs in open space

5+ alcoholic drinks when drinking vs 0 drinks

Client demands no condom use frequently vs never

Client demands no condom use sometimes vs never
Financial situation bad or extremely bad

Street sex worker vs other
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SV, past 6 months
PV, past 6 months

SV, past 6 months
PV, past 6 months

Negative police interaction, past year
Negative police interaction, past year
Negative police interaction, past year
Negative police interaction, past year
Negative police interaction, past year
PV or SV, past 6 months

PV or SV, past 6 months

PV or SV, past 6 months

PV or SV, past 6 months

CSV, past 6 months

CPV, past 6 months

CPV, past 6 months

CPV, past 6 months

CPV, past 6 months

CSV, past 6 months

CPV, past 6 months

CSV, past 6 months

CSV, past month

CPV, past month

CSV, past 6 month

CPV, past 6 months

3.5(2.1-5.8)
3.1(2.1-4.7)

5.2 (3.0-8.9)
1.7 (1.1-2.7)

1.64 (1.15-2.36)
2.15 (1.36-3.39)
2.83 (1.78-4.53)
1.82 (1.15-2.88)
0.06 (0.03-0.13)
1.4 (1.2-1.6)

1.4 (1.2-1.6)

2.1 (1.8-2.4)

1.3 (1.0-1.6)
1.02 (1.01-1.10)
0.12 (0.03-0.49)
0.17 (0.04-0.74)
0.12 (0.02-0.68)
2.60 (1.54-4.43)
5.27 (3.02-9.19)
6.01 (2.98-12.14)
3.79 (2.24-6.46)
2.00 (1.31-3.05)
1.74 (1.14-2.67)
1.88 (1.14-3.12)
2.14 (1.27-3.60)

punched, chocked or
burned) or threatened with
a knife, gun, or other
weapon, or having had a
weapon used against them
PV (physical violence)
defined as being beaten (e.g.
hit, slapped, pushed, kicked,
punched, chocked or
burned) or threatened with
a knife, gun, or other
weapon, or having had a
weapon used against them;
SV (sexual violence) defined
as being forced to have
vaginal, anal or oral sex
against their will by anyone
PV (physical violence)
defined as being beaten (e.g.
hit, slapped, pushed, kicked,
punched, chocked or
burned) or threatened with
a knife, gun, or other
weapon, or having had a
weapon used against them;
SV (sexual violence) defined
as being forced to have
vaginal, anal or oral sex
against their will by anyone
Negative police interaction
defined as any police
violence, arrest,
harassment, theft, bribery,
or fines

PV (physical violence); SV
(sexual violence)

CSV (client sexual violence)
defined as a customer
forcing you to do sex acts
you did not want to do; CPV
(client physical violence)
defined as a customer
hitting or hurting you

CSV (client sexual violence)
defined as a client forcing
you to have sex against your
will, forcing you to suck or



Shannon et al
2009 [44]
(Canada)

Shaw et al
2012 [45]
(India)

Sherwood et
al 2015 [46]
(The Gambia)

2006-2008
Prospective
observational
251 FSWs

2008
Cross-sectional
175 MSM and
transgender
SWs

2011
Cross-sectional
251 FSWs

Used alcohol before or during sex with client (past month)

Used drugs before or during sex with client (past month)
Injected drugs (past month)
Emotional support (per unit increase in score)

Population of research site municipality = 500,000 inhabitants vs < 500,000

inhabitants

Pressured into sex without a condom
Unprotected sex

Primary partner procured drugs for FSW
Homeless

Unable to access drug treatment

Police confiscated drug use paraphernalia (without arrest)
Prior assault by police

Serviced clients in cars and public spaces
Moved working areas away from the main streets owing to policing

Anal sex with 5+ non-regular male sex partners, past week

Client sexual violence (ever)
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CSV, past 6 month
CPV, past 6 months
CSV, past 6 month
CSV, past 6 month
CSV, past 6 month
CPV, past 6 months
CSV, past 6 month

13'%
CPV
SV
NY

SV
PV
CPV
13'%
SV
CPV
Cpv
CPV

SV, past year

Beaten up a result of selling sex, ever
Tortured as a result of selling sex, ever

2.30 (1.33-3.98)
2.05 (1.18-3.56)
2.19 (1.07-4.49)
2.92 (1.48-5.75)
0.68 (0.48-0.96)
0.63 (0.44-0.89)
1.87 (1.19-2.94)

2.23 (1.40-3.61)
1.85 (1.10-3.10)
1.82 (1.01-3.25)
1.63 (1.03-2.81)
2.14 (1.34-3.43)
1.73 (1.09-3.12)
1.96 (1.03-3.43)
2.13 (1.26-3.62)
1.50 (1.02-2.41)
2.61 (1.32-5.16)
3.45 (1.98-6.02)
1.50 (1.08-2.57)
2.13 (1.26-3.62)

4.08 (1.17-14.26)

2.44 (1.22-4.85)
1.85 (1.01-3.42)

lick someone else, raping
you with a physical object,
raping you using a weapon,
forcing you to watch a sex
act, forcing you to have sex
with someone else, forcing
you to masturbate someone
else, masturbating you
against your will, forcing
you to Kiss or touch
someone else, or kissing or
touching you against your
will; CPV (client physical
violence) defined as being
stabbed by a client, tortured
by a client, threatened with
murder by a client, choked
or strangled by a client, or
kidnapped by a client

All street-based FSWs; PV
(physical violence) defined
as being physically abused
by someone (e.g. partner,
pimp, dealer, police,
security guard, stranger or
other, but excluding clients)
in last 6 months; SV (sexual
violence) defined as being
forced to have sex
(penetrative) against your
will by someone (excludes
clients) in last 6 months;
CPV (client perpetrated
violence) defined as having
a “bad date” (verbal
harassment, abduction or
kidnap, sexual assault, rape,
strangling, physical assault
or beating, assault with a
weapon, being thrown out
of a moving car, or other)
with a client in last 6
months.

SV (sexual violence) defined
as being physically forced to
have sexual intercourse

Client sexual violence
defined as ever having a
client use force or violence



*k

Silverman et
al 2011 [47]
(India)

Socias et al
2015 [48]
(Canada)

Hok

Stulhofer et al
2015 [49]
(Croatia)

*k

Suryawanshi
etal 2016 [50]
(India)

*%k

Ulibarri et al
2010 [51]
(Mexico)

Ulibarri et al
2014
[52](Mexico)
*%

Wilson et al
2015 [53]
(Kenya)

*%k

Cross-sectional
211 FSWs

2010-2013
Longitudinal
720 SWS

2007-
2008/2014
Cross-sectional
154/237 FSWs
2007-2008
Cross-sectional
5498 FSWs

2004-2006
Cross-sectional
300 FSWs

2004-2006
Cross-sectional
924 FSWs

2012-2013
Cross-sectional
357 HIV+ve
FSWs

Trafficked into sex work

Age (per year younger)

Minority sexual/gender status

Heavy drinking (= 4 drinks per day)

Canadian born vs immigrant/migrant

Unstable housing

Servicing clients in public spaces vs formal indoor establishments

Police harassment without arrest

2nd study wave (2014) vs 15t study wave (2007-2008) (Zagreb study site only)
Secondary or higher education vs primary or less

Condom used at most recent non-commercial vaginal or anal intercourse

Planning to move from current place of sex work vs not planning to move

Not decided if moving from current place of sex work vs not planning to move

Childhood abuse
Spouse or steady partner had sex with another partner
Increased mean relationship power scale score

Has clients who currently use drugs
Intimate partner violence (past 6 months)
Higher level of psychological distress symptoms

Severe alcohol use vs non-drinker
Controlling behaviours by emotional partner
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CSV, first month of sex work

Incarceration, last 6 months
Incarceration, last 6 months
Incarceration, last 6 months
Incarceration, last 6 months
Incarceration, last 6 months
Incarceration, last 6 months
Incarceration, last 6 months
Client violence, last 12 months
Client violence, last 12 months
Client violence, last 12 months

Sexual violence by occasional clients
Sexual violence by regular clients
Sexual violence by any sex partner
Sexual violence by non-paying partner

IPV, past 6 months
IPV, past 6 months
IPV, past 6 months

Client violence, past 6 months
Client violence, past 6 months
Client violence, past 6 months

IPV, last year
IPV, last year

3.1 (1.6-6.1)

1.04 (1.02-1.06)
1.62 (1.13-2.34)
1.99 (1.20-3.29)
3.28 (1.26-8.53)
4.32(2.17-8.62)
432 (2.17-8.62)
1.82 (1.35-2.45)
0.48 (0.25-0.95)
0.55 (0.34-0.91)
0.37 (0.20-0.67)

1.98 (1.51-2.60)
2.00 (1.47-2.72)
1.75 (1.37-2.24)
0.59 (0.42-0.82)

2.23 (1.21-4.09)
2.40 (1.32-4.37)
0.35 (0.18-0.66)

3.70 (1.46-9.34)
2.63 (1.50-4.62)
1.92 (1.00-3.67)

4.39 (1.16-16.63)
4.98 (2.31-10.74)

to make the participant
have sex or certain kinds of
sex

All FSWs HIV-infected; CSV
(client sexual violence)
defined as anyone using
violence or force to make
you have sex or certain
types of sex with male
clients

Incarceration defined as
been in detention, prison or
jail overnight or longer

Client violence defined as
experience of a violent
client

All SWs defined as mobile;
Sexual violence with clients
or partners defined as being
beaten/physically forced to
have sex by that partner

All FSWs have a current
spouse or steady partner;
IPV (intimate partner
violence) is any emotional,
physical or sexual abuse by
a current spouse or steady
partner

Intimate partner violence
defined as any emotional,
physical or sexual abuse by
a current spouse or steady
partner; Client violence
defined as any emotional,
physical or sexual abuse by
aclient

IPV (intimate partner
violence) is any physical
violence (slapped, pushed,
hit, kicked, choked or
threatened with a weapon),
emotional violence
(insulted, belittled,
intimidated, threatened to
hurt someone you care



Wirtz et al
2015 [54]
(Russia)
*k

Zhang et al
2013 [55]
(China)

Zhang et al
2015 [56]
(China)

*%k

2011
Cross-sectional
754 FSWs

Cross-sectional
983 FSWs

2008-2009
Cross-sectional
743 FSWs

Active drug injecting compared to non-injecting

Active drug injecting compared to former injector

Risky drinking vs low risk drinking
Heavy drinking vs low risk drinking

Hazardous drinking vs low risk drinking

Intention of inconsistent condom use with stable partner in future
STD infection history

Never HIV tested
FSWs ever used alcohol vs never
Education of stable partner

Type of stable partner is boyfriend
Type of stable partner is spouse

Type of stable partner is lover

Friction with stable partner

Concurrent partnership by stable partner
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Police extortion (money), last 6
months

Police extortion (sex), last 6 months
Police extortion (money, sex, or
information), last 6 months

CPV, last 6 months

CSV, last 6 months

Police extortion (money, sex, or
information), last 6 months

CPV, last 6 months

CSV, last 6 months

Sexual advantages taken by clients
Sexual advantages taken by clients
Client demand for extra sexual
services

Raped or sexually assaulted by client
Clothes stripped off by clients

Clients purposely injured genital
Sexual advantages taken by clients
Client demand for extra sexual
services

Raped or sexually assaulted by client
Clothes stripped off by clients
Physical violence from stable partners
IPV

Physical violence from stable partners
Sexual violence from stable partners
Sexual violence from stable partner
IPV

IPV

Physical violence from stable partners
Sexual violence from stable partners
IPV

Physical violence from stable partners
IPV

Sexual violence from stable partners
Any IPV

Physical violence from stable partners
Sexual violence from stable partners
Any IPV

Physical violence from stable partners
Sexual violence from stable partners

2.2 (1.1-4.7)

3.2 (1.2-8.7)
3.0 (1.5-5.9)

7.3 (2.1-24.7)
3.3 (15-7.1)
2.2 (1.1-4.3)

7.7 (2.2-27.1)
2.9 (1.3-6.5)
2.19 (1.49-3.23)
2.49 (1.47-4.21)
2.11 (1.28-3.46)

2.58 (1.10-6.05)
3.44 (1.10-10.76)
4.71 (1.31-16.99)
5.31 (2.56-11.01)
3.54 (1.93-6.50)

3.57 (1.46-8.72)
3.79 (1.15-12.52)
2.01 (1.05-3.83)
4.04 (1.7-9.61)
1.94 (1.01-3.72)
2.09 (1.06-4.11)
1.70 (1.03-2.81)
1.85 (1.23-2.77)
0.64 (0.43-0.94)
0.50 (0.32-0.78)
3.46 (1.12-10.68)
4.41 (1.37-14.17)
3.43 (1.09-10.84)
3.26 (1.12-9.51)
3.64 (1.27-10.40)
1.74 (1.46-2.07)
1.57 (1.30-1.90)
1.36 (1.11-1.66)
2.17 (1.32-3.56)
1.83 (1.09-3.09)
2.39 (1.39-4.09)

about) or sexual violence
(forced sex, coerced sex or
degrading sexual
behaviour) by an emotional
partner (boyfriend or
husband)

CPV (client physical
violence); CSV (client sexual
violence) defined as
experiencing a client coerce
or physically forced you to
have vaginal sex

IPV (intimate partner
violence) defined as any
physical (e.g. slapped you or
thrown something at you
that could hurt you; pushed
you or shoved you or pulled
your high, kicked you),
sexual (e.g. had sexual
intercourse when you did
not want to; put something
into your genitals) or
emotional violence (e.g.
belittled or humiliated you
in front of other, threatened
to hurt you or someone you
cared about) from stable
partners



Appendix C

1 Adapted from Deering et al [57]. Table includes details on factors which were found to be significantly associated with violence against FSWs in the adjusted analyses of peer-

reviewed studies published up to September 2016 (see Box 3.1 in Chapter 3 for further details on the literature review search strategy).
** Highlights the studies identified in my supplementary literature review searches. Other studies were identified in the existing published systematic review by Deering et al [57].

Abbreviations: FSW - female sex worker; AOR - adjusted odds ratios, CI - confidence interval
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Table C2. Perpetrators of physical and sexual violence during the first and most recent month of

sex work

Perpetrator/s during the first month of sex work 1
Regular client
New client
Regular transactional sex partner
New transactional sex partner
Intimate partner
Perpetrator/s during the most recent month of sex work 1
Regular client
New client
Regular transactional sex partner
New transactional sex partner
Intimate partner

Sexual violence

%

47.1
58.8
5.9
5.9
11.8

63.3
33.3
10.0
3.3
13.3

N

17
17
17
17
17

30
30
30
30
30

Physical violence

%

42.1
57.9
53
0.0
53

46.0
40.5
10.8
2.7
13.5

N

19
19
19
19
19

37
37
37
37
37

1 Proportions will not sum to 100% because participants who experienced violence can select all that apply
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Table C3. Factors associated with lifetime sexual violence in bivariate analysis

Individual
Current age, years
14-20
21-24
Highest level of education completed
None
Primary school
High school or higher
Ever married
Age at entry into sex work, years
<=18
19+
Duration in sex work, years
0-2
3+
Frequency of alcohol consumption, in last month
Less than once a month
1-3 times a month
1 to 3 times a week
Almost every day
Every day
Binge-drank, in last month
No. of times inebriated, in last month
0 times
1-3 times
4-6 times
7+times
Ever used drugs
Has a regular source of income
Interpersonal
No. of clients in a typical week, in first month of sex work
0-3
4+
No. of clients, in last week
0-4
5+
No. of transactional sex partners, in first month of sex work
0-1
2+
No. of transactional sex partners, in last week
0
1+
Had sex with an intimate partner, in last month
Ever been inebriated when had sex, in last month
Ever had sex with an inebriated partner, in last month
Ever been high when had sex, in last month
Structural
Main place/way met paying clients, in first month of sex work
Entertainment venue
Street/bus stop
Other (e.g. hotel, home)
Main place/way met paying clients, in most recent month of
sex work
Entertainment venue
Street/bus stop
Other (e.g. hotel, home)
Had a manager or pimp, in first month of sex work
Coerced or deceived into having sex with first 10 clients after
self-identifying as a sex worker
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%

57.1
42.9

32.8

52.1

15.1
7.6

55.2
44.8

62.1
37.9

15.1
16.0
30.3
16.0
22.7
33.6

56.3
23.5
10.1
10.1
31.9
11.9

63.5
36.5

51.0
49.0

55.9
44.1

68.1
31.9
50.4
32.2
69.8
16.1

54.6
26.9
18.5

55.9
16.1
28.0
11.8
37.0

Yes

Lifetime sexual violence

N

119
119

119
119
119
119

116
116

116
116

119
119
119
119
119
119

119
119
119
119
119
118

115
115

104
104

118
118

116
116
115
118
119
118

119
119
119

118
118
118
119
119

%

58.3
41.7

29.1

51.4

19.5
6.4

60.8
39.2

65.4
34.6

25.8
14.5
33.6
12.0
14.1
27.6

65.0
24.0
6.0
5.0
30.4
18.4

73.8
26.2

63.0
37.0

67.0
33.0

68.7
31.3
42.7
25.6
69.2
14.7

53.2
25.4
21.4

60.2
17.2
22.6
10.3
22.7

No

N

283
283

282
282
282
283

263
263

263
263

283
283
283
283
283
283

283
283
283
283
283
283

271
271

254
254

273
273

275
275
281
281
282
279

280
280
280

279
279
279
283
282

Appendix C

p-value

0.809

0.507

0.647

0.311

0.593

0.050

0.240

0.103

0.762
0.033

0.074
0.019
0.033
0.906
0.144
0.208

0.901
0.727

0.818

0.551

0.730
0.002



Lifetime physical violence
Lifetime police assault or arrest
No. of sex workers that you know personally
0-5
6-15
16-30
31+

261

60.5
53.4

30.3
34.4
21.9
13.4

119
118

119
119
119
119

17.0
41.8

32.3
42.6
14.5
10.6

283
282

282
282
282
282

Appendix C

<0.001
0.035

0.205
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Table C4. Factors associated with lifetime physical violence in bivariate analysis

Lifetime physical violence

Yes No
Individual % N % N p-value
Current age, years
14-20 56.1 123 58.7 283 0.595
21-24 439 123 41.3 283
Highest level of education completed
None 34.1 123 28.4 282 0.499
Primary school 48.8 123 52.8 282
High school or higher 17.1 123 18.8 282
Ever married 8.9 123 5.7 283 0.223
Age at entry into sex work, years
<=18 59.0 117 59.4 266 0.932
19+ 41.0 117 40.6 266
Duration in sex work, years
0-2 62.4 117 65.0 266 0.675
3+ 37.6 117 35.0 266
Frequency of alcohol consumption, in last month
Less than once a month 11.4 123 27.6 283 0.002
1-3 times a month 13.8 123 15.2 283
1 to 3 times a week 33.3 123 325 283
Almost every day 17.1 123 11.3 283
Every day 24.4 123 13.4 283
Binge-drank, in last month 38.2 123 26.2 283 0.009
No. of times inebriated, in last month
0 times 51.2 123 66.8 283 0.012
1-3 times 29.3 123 21.5 283
4-6 times 8.9 123 6.7 283
7+times 10.6 123 5.0 283
Ever used drugs 35.8 123 29.0 283 0.137
Has a regular source of income 10.7 122 18.7 283 0.015
Interpersonal
No. of clients in a typical week, in first month of sex work
0-3 66.4 119 72.7 271 0.200
4+ 33.6 119 27.3 271
No. of clients, in last week
0-4 58.3 108 60.5 253 0.710
5+ 41.7 108 39.5 253
No. of transactional sex partners, in first month of sex work
0-1 56.2 121 66.8 274 0.053
2+ 43.8 121 33.2 274
No. of transactional sex partners, in last week
0 65.6 122 70.3 273 0.312
1+ 34.4 122 29.7 273
Had sex with an intimate partner, in last month 40.7 118 46.6 281 0.222
Ever been inebriated when had sex, in last month 39.0 123 229 280 0.004
Ever had sex with an inebriated partner, in last month 78.1 123 66.0 282 0.017
Ever been high when had sex, in last month 18.2 121 13.9 280 0.226
Structural
Main place/way met paying clients, in first month of sex
work
Entertainment venue 50.4 123 55.4 280 0.549
Street/bus stop 26.0 123 25.4 280
Other (e.g. hotel, home) 23.6 123 19.3 280
Main place/way met paying clients, in most recent month of
sex work
Entertainment venue 58.2 122 59.5 279 0.725
Street/bus stop 18.9 122 15.8 279
Other (e.g. hotel, home) 229 122 24.7 279
Had a manager or pimp, in first month of sex work 9.8 123 11.0 283 0.707
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Coerced or deceived into having sex with first 10 clients

after self-identifying as a sex worker
Lifetime sexual violence
Lifetime police assault or arrest
No. of sex workers that you know personally
0-5
6-15
16-30
31+
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31.2

60.0
57.4

26.2
38.5
21.3
13.9

122

120
122

122
122
122
122

25.8

16.7
40.1

339
40.6
15.2
10.3

283

282
282

283
283
283
283
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0.250

<0.001
0.003

0.200



Appendix C

Table C5. Factors associated with lifetime police assault or arrest in bivariate analysis

Lifetime police assault or arrest

Yes No
Individual % N % N p-value
Current age, years
14-20 50.9 183 63.8 221 0.001
21-24 49.2 183 36.2 221
Highest level of education completed
None 30.6 183 29.5 220 0.301
Primary school 55.2 183 49.1 220
High school or higher 14.2 183 21.4 220
Ever married 9.8 183 4.1 221 0.016
Age at entry into sex work, years
<=18 55.2 172 63.2 209 0.055
19+ 44.8 172 36.8 209
Duration in sex work, years
0-2 56.4 172 70.8 209 <0.001
3+ 43.6 172 29.2 209
Frequency of alcohol consumption, in last month
Less than once a month 14.7 183 29.0 221 0.012
1-3 times a month 13.7 183 15.4 221
1 to 3 times a week 36.6 183 29.9 221
Almost every day 15.3 183 11.3 221
Every day 19.7 183 14.5 221
Binge-drank, in last month 35.5 183 25.3 221 0.044
No. of times inebriated, in last month
0 times 50.8 183 71.0 221 <0.001
1-3 times 31.2 183 18.0 221
4-6 times 7.6 183 7.2 221
7+times 10.4 183 3.6 221
Ever used drugs 34.4 183 28.1 221 0.169
Has a regular source of income 14.2 183 18.2 220 0.225
Interpersonal
No. of clients in a typical week, in first month of sex work
0-3 66.5 173 74.1 216 0.061
4+ 335 173 25.9 216
No. of clients, in last week
0-4 54.0 163 64.3 196 0.077
5+ 46.0 163 35.7 196
No. of transactional sex partners, in first month of sex work
0-1 66.3 178 60.9 215 0.274
2+ 33.7 178 39.1 215
No. of transactional sex partners, in last week
0 72.5 178 65.6 215 0.101
1+ 27.5 178 34.4 215
Had sex with an intimate partner, in last month 46.9 177 43.6 220 0.484
Ever been inebriated when had sex, in last month 35.2 182 219 219 0.004
Ever had sex with an inebriated partner, in last month 76.9 182 63.4 221 0.001
Ever been high when had sex, in last month 17.8 180 13.2 219 0.206
Structural
Main place/way met paying clients, in first month of sex
work
Entertainment venue 55.0 182 53.4 219 0.712
Street/bus stop 23.6 182 26.9 219
Other (e.g. hotel, home) 214 182 19.6 219
Main place/way met paying clients, in most recent month of
sex work
Entertainment venue 60.8 181 57.3 218 0.507
Street/bus stop 14.4 181 18.8 219
Other (e.g. hotel, home) 24.9 181 23.9 219
Had a manager or pimp, in first month of sex work 12.0 183 9.5 221 0.434
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Coerced or deceived into having sex with first 10 clients 28.6 182 26.2 221 0.651
after self-identifying as a sex worker
Lifetime sexual violence 34.8 181 25.1 219 0.035
Lifetime physical violence 38.3 183 23.5 221 0.003
No. of sex workers that you know personally

0-5 27.5 182 35.3 221 0.148

6-15 39.0 182 40.3 221

16-30 19.8 182 14.9 221

31+ 13.7 182 9.5 221
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Appendix D: Supplementary information for Chapter 5

Text D1. Model equations

State variables

FSWs

We consider the state variables for FSWs: popn_fsw (sv, pv, paa, age alcohol, hiv)
Where:

e sv (sexual violence), pv (physical violence) and paa (police assault or arrest) each has three
possible states: 1 = no experience of violence; 2 = experienced violence recently in the last 6
months; and 3 = experienced violence in the past but not within the last 6 months

e age has two possible states: 1=young (14-24 years), and 2=older (225 years)

e alcohol has two possible states: 1 = low alcohol frequency, and 2 = high alcohol frequency
(for future use alcohol use was included in the model, but for the analysis in this chapter
was not considered i.e. no parameters depend on alcohol group, even where dependency is
indicated in the equations below, and while FSWs were split by alcohol use, all outcomes
were summed over alcohol use)

¢ hiv has eleven possible states: 1 = HIV susceptible, 2 = acute HIV infection, 3 = HIV infected
with CD4 >350, untreated, 4 = HIV infected with CD4 200-350, untreated, 5 = HIV infected
with CD4 <200, untreated, 6 = HIV infected with CD4 >350, on ART, 7 = HIV infected with
CD4 200-350, on ART, 8 = HIV infected with CD4 <200, on ART, 9 = HIV infected with CD4
>350, stopped ART, 10 = HIV infected with CD4 200-350, stopped ART, and 11 = HIV
infected with CD4 <200, stopped ART.

The derivatives of the state variables for FSWs are written here as popdpdt_fsw (sv, pv, paa, age
alcohol, hiv).

Clients

We consider a state variable for clients: popn_client (hiv)
Where:

e hiv has the same states as for FSWs

The derivative of the state variable for clients is written as popdpdt_client (hiv)
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Ordinary differential equations (Matlab code)

The model is defined by a set of coupled ordinary differential equations (ODEs), which were
programmed in Matlab and solved numerically using the ode45 solver.

FSWs

Violence information
for age = 1:N_Age
for alcohol = 1:N_Alcohol

for hiv = 1:N_HIVandART

popdpdt_fsw(1,1,1,age,alcoholhiv) = (((RecruitRate_FSW_HIV_turnover(alcohol)) +
RecruitRate_FSW_HIV_mortality(alcohol)) * entrySwitch(age,hiv)) - ( ratePV(age,alcohol) +
rateNPI(age,alcohol) + rateSV(age,alcohol) ) * popn_fsw(1,1,1,age,alcohol,hiv);

popdpdt_fsw(2,1,1,age,alcoholhiv) = rateSV(age,alcohol)*popn_fsw(1,1,1,age,alcohol,hiv) +
recurrentSV(age,alcohol)*popn_fsw(3,1,1,age,alcoholhiv) - ( rateNPI(age,alcohol) + ratePV(age,alcohol) +
nonRecent_anyViolence ) * popn_fsw(2,1,1,age,alcoholhiv);

popdpdt_fsw(3,1,1,age,alcohol,hiv) = nonRecent_anyViolence*popn_fsw(2,1,1,age,alcohol,hiv) - (
recurrentSV(age,alcohol) + rateNPI(age,alcohol) + ratePV(age,alcohol) ) * popn_fsw(3,1,1,age,alcohol,hiv);

popdpdt_fsw(1,2,1,age,alcoholhiv) = ratePV(age,alcohol)*popn_fsw(1,1,1,age,alcoholhiv) +
recurrentPV(age,alcohol)*popn_fsw(1,3,1,age,alcohol,hiv) - ( nonRecent_anyViolence + rateSV(age,alcohol)
+ rateNPI(age,alcohol) ) * popn_fsw(1,2,1,age,alcohol,hiv);

popdpdt_fsw(2,2,1,age,alcoholhiv) = ratePV(age,alcohol)*popn_fsw(2,1,1,age,alcoholhiv) +
rateSV(age,alcohol)*popn_fsw(1,2,1,age,alcoholhiv) +
recurrentPV(age,alcohol)*popn_fsw(2,3,1,age,alcoholhiv) +
recurrentSV(age,alcohol)*popn_fsw(3,2,1,age,alcohol,hiv) - ( (rateNPI(age,alcohol)) +
nonRecent_anyViolence + nonRecent_anyViolence ) * popn_fsw(2,2,1,age,alcohol,hiv) ;

popdpdt_fsw(3,2,1,age,alcoholhiv) = ratePV(age,alcohol)*popn_fsw(3,1,1,age,alcoholhiv) +
nonRecent_anyViolence*popn_fsw(2,2,1,age,alcohol,hiv) +
recurrentPV(age,alcohol)*popn_fsw(3,3,1,age,alcoholhiv) - ( recurrentSV(age,alcohol) +
rateNPI(age,alcohol) + nonRecent_anyViolence ) * popn_fsw(3,2,1,age,alcohol,hiv) ;

popdpdt_fsw(1,3,1,age,alcohol,hiv) = nonRecent_anyViolence*popn_fsw(1,2,1,age,alcohol,hiv) - (
recurrentPV(age,alcohol) + rateSV(age,alcohol) + rateNPI(age,alcohol) ) * popn_fsw(1,3,1,age,alcohol,hiv) ;

popdpdt_fsw(2,3,1,age,alcohol,hiv) = nonRecent_anyViolence*popn_fsw(2,2,1,age,alcohol,hiv) +
rateSV(age,alcohol)*popn_fsw(1,3,1,age,alcoholhiv) +
recurrentSV(age,alcohol)*popn_fsw(3,3,1,age,alcoholhiv) - ( rateNPI(age,alcohol) +
nonRecent_anyViolence + recurrentPV(age,alcohol) ) *popn_fsw(2,3,1,age,alcohol,hiv);
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popdpdt_fsw(3,3,1,age,alcohol,hiv) = nonRecent_anyViolence*popn_fsw(2,3,1,age,alcohol,hiv) +
nonRecent_anyViolence*popn_fsw(3,2,1,age,alcohol,hiv) - ( recurrentSV(age,alcohol) +
recurrentPV(age,alcohol) + rateNPI(age,alcohol) ) *popn_fsw(3,3,1,age,alcohol,hiv);

popdpdt_fsw(1,1,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(1,1,1,age,alcoholhiv) +
recurrentNPI(age,alcohol)*popn_fsw(1,1,3,age,alcohol,hiv) - ( nonRecent_anyViolence +
rateSV(age,alcohol) + ratePV(age,alcohol) ) * popn_fsw(1,1,2,age,alcohol,hiv);

popdpdt_fsw(2,1,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(2,1,1,age,alcohol,hiv) +
rateSV(age,alcohol)*popn_fsw(1,1,2,age,alcoholhiv) +
recurrentNPI(age,alcohol)*popn_fsw(2,1,3,age,alcoholhiv) +
recurrentSV(age,alcohol)*popn_fsw(3,1,2,age,alcohol,hiv) - ( nonRecent_anyViolence +
nonRecent_anyViolence + ratePV(age,alcohol) ) * popn_fsw(2,1,2,age,alcohol,hiv);

popdpdt_fsw(3,1,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(3,1,1,age,alcohol,hiv) +
nonRecent_anyViolence*popn_fsw(2,1,2,age,alcohol,hiv) +
recurrentNPI(age,alcohol)*popn_fsw(3,1,3,age,alcoholhiv) - ( (recurrentSV(age,alcohol)) +
nonRecent_anyViolence + ratePV(age,alcohol) ) * popn_fsw(3,1,2,age,alcohol,hiv);

popdpdt_fsw(1,2,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(1,2,1,age,alcoholhiv) +
recurrentNPI(age,alcohol)*popn_fsw(1,2,3,age,alcoholhiv) +
ratePV(age,alcohol)*popn_fsw(1,1,2,age,alcohol,hiv) +
recurrentPV(age,alcohol)*popn_fsw(1,3,2,age,alcohol,hiv) - ( nonRecent_anyViolence +
nonRecent_anyViolence + rateSV(age,alcohol) ) * popn_fsw(1,2,2,age,alcohol,hiv);

% === Recent sexual violence and recent physical violence and recent police assault or arrest === %

popdpdt_fsw(2,2,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(2,2,1,age,alcohol,hiv) +
recurrentNPI(age,alcohol)*popn_fsw(2,2,3,age,alcoholhiv) +
ratePV(age,alcohol)*popn_fsw(2,1,2,age,alcohol,hiv) + recurrentPV(age,alcohol)
*popn_fsw(2,3,2,age,alcohol,hiv) + rateSV(age,alcohol)*popn_fsw(1,2,2,age,alcohol,hiv) +
recurrentSV(age,alcohol)*popn_fsw(3,2,2,age,alcoholhiv) - ( nonRecent_anyViolence +
nonRecent_anyViolence + nonRecent_anyViolence ) * popn_fsw(2,2,2,age,alcohol,hiv);

% == Non-recent sexual violence and recent physical violence and recent police assault or arrest ==%

popdpdt_fsw(3,2,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(3,2,1,age,alcohol,hiv) +
recurrentNPI(age,alcohol)*popn_fsw(3,2,3,age,alcohol,hiv) +
ratePV(age,alcohol)*popn_fsw(3,1,2,age,alcoholhiv) +
recurrentPV(age,alcohol)*popn_fsw(3,3,2,age,alcohol,hiv) +
nonRecent_anyViolence*popn_fsw(2,2,2,age,alcoholhiv) - ( recurrentSV(age,alcohol) +
nonRecent_anyViolence + nonRecent_anyViolence ) * popn_fsw(3,2,2,age,alcohol,hiv);

popdpdt_fsw(1,3,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(1,3,1,age,alcoholhiv) +
recurrentNPI(age,alcohol)*popn_fsw(1,3,3,age,alcoholhiv) +
nonRecent_anyViolence*popn_fsw(1,2,2,age,alcoholhiv) - ( nonRecent_anyViolence +
recurrentPV(age,alcohol) + rateSV(age,alcohol) ) * popn_fsw(1,3,2,age,alcohol,hiv);
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% == Recent sexual violence and non-recent physical violence and recent police assault or arrest == %

popdpdt_fsw(2,3,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(2,3,1,age,alcohol,hiv) +
recurrentNPI(age,alcohol)*popn_fsw(2,3,3,age,alcohol,hiv) +
rateSV(age,alcohol)*popn_fsw(1,3,2,age,alcoholhiv) +
recurrentSV(age,alcohol)*popn_fsw(3,3,2,age,alcoholhiv) +
nonRecent_anyViolence*popn_fsw(2,2,2,age,alcohol,hiv) - ( nonRecent _anyViolence +
nonRecent_anyViolence + recurrentPV(age,alcohol) ) * popn_fsw(2,3,2,age,alcohol,hiv);

%= Non-recent sexual violence and non-recent physical violence and recent police assault or arrest =%

popdpdt_fsw(3,3,2,age,alcohol,hiv) = rateNPI(age,alcohol)*popn_fsw(3,3,1,age,alcohol,hiv) +
recurrentNPI(age,alcohol)*popn_fsw(3,3,3,age,alcohol,hiv) +
nonRecent_anyViolence*popn_fsw(2,3,2,age,alcoholhiv) +
nonRecent_anyViolence*popn_fsw(3,2,2,age,alcohol,hiv) - ( nonRecent_anyViolence +
recurrentPV(age,alcohol) + recurrentSV(age,alcohol) ) * popn_fsw(3,3,2,age,alcohol,hiv);

popdpdt_fsw(1,1,3,age,alcoholhiv) = nonRecent_anyViolence*popn_fsw(1,1,2,age,alcoholhiv) - (
rateSV(age,alcohol) + recurrentNPI(age,alcohol) + ratePV(age,alcohol) ) * popn_fsw(1,1,3,age,alcohol,hiv);

popdpdt_fsw(2,1,3,age,alcoholhiv) = nonRecent anyViolence*popn_fsw(2,1,2,age,alcoholhiv) +
rateSV(age,alcohol)*popn_fsw(1,1,3,age,alcoholhiv) +
recurrentSV(age,alcohol)*popn_fsw(3,1,3,age,alcoholhiv) - ( ratePV(age,alcohol) +
recurrentNPI(age,alcohol) + nonRecent_anyViolence ) * popn_fsw(2,1,3,age,alcohol,hiv);

popdpdt_fsw(3,1,3,age,alcohol,hiv) = nonRecent_anyViolence*popn_fsw(3,1,2,age,alcohol,hiv) +
nonRecent_anyViolence*popn_fsw(2,1,3,age,alcoholhiv) - ( recurrentNPI(age,alcohol) +
ratePV(age,alcohol) + recurrentSV(age,alcohol) ) * popn_fsw(3,1,3,age,alcohol,hiv) ;

popdpdt_fsw(1,2,3,age,alcohol,hiv) = nonRecent_anyViolence*popn_fsw(1,2,2,age,alcohol,hiv) +
ratePV(age,alcohol)*popn_fsw(1,1,3,age,alcoholhiv) +
recurrentPV(age,alcohol)*popn_fsw(1,3,3,age,alcoholhiv) - ( recurrentNPI(age,alcohol) +
rateSV(age,alcohol) + nonRecent_anyViolence ) * popn_fsw(1,2,3,age,alcoholhiv);

%== Recent sexual violence and recent physical violence and non-recent police assault or arrest ==%

popdpdt_fsw(2,2,3,age,alcoholhiv) = nonRecent_anyViolence*popn_fsw(2,2,2,age,alcoholhiv) +
ratePV(age,alcohol)*popn_fsw(2,1,3,age,alcohol,hiv) +
recurrentPV(age,alcohol)*popn_fsw(2,3,3,age,alcohol,hiv) +
rateSV(age,alcohol)*popn_fsw(1,2,3,age,alcoholhiv) +
recurrentSV(age,alcohol)*popn_fsw(3,2,3,age,alcoholhiv) - ( nonRecent _anyViolence +
recurrentNPI(age,alcohol) + nonRecent_anyViolence ) * popn_fsw(2,2,3,age,alcohol,hiv) ;

%= Non-recent sexual violence and recent physical violence and non-recent police assault or arrest =%

popdpdt_fsw(3,2,3,age,alcohol,hiv) = nonRecent_anyViolence*popn_fsw(3,2,2,age,alcohol,hiv) +
ratePV(age,alcohol)*popn_fsw(3,1,3,age,alcohol,hiv) +
recurrentPV(age,alcohol)*popn_fsw(3,3,3,age,alcohol,hiv) +
nonRecent_anyViolence*popn_fsw(2,2,3,age,alcohol,hiv) - ( nonRecent_anyViolence +
recurrentSV(age,alcohol) + recurrentNPI(age,alcohol) ) * popn_fsw(3,2,3,age,alcohol,hiv);
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end

end
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popdpdt_fsw(1,3,3,age,alcoholhiv) = nonRecent_anyViolence*popn_fsw(1,3,2,age,alcoholhiv) +
nonRecent_anyViolence*popn_fsw(1,2,3,age,alcohol,hiv) - ( recurrentPV(age,alcohol) +
recurrentNPI(age,alcohol) + rateSV(age,alcohol) ) * popn_fsw(1,3,3,age,alcohol,hiv);

%= Recent sexual violence and non-recent physical violence and non-recent police assault or arrest =%

popdpdt_fsw(2,3,3,age,alcoholhiv) = nonRecent _anyViolence*popn_fsw(2,3,2,age,alcoholhiv) +
nonRecent_anyViolence*popn_fsw(2,2,3,age,alcohol,hiv) +
rateSV(age,alcohol)*popn_fsw(1,3,3,age,alcoholhiv) +
recurrentSV(age,alcohol)*popn_fsw(3,3,3,age,alcoholhiv) - (recurrentNPI(age,alcohol) +
recurrentPV(age,alcohol) + nonRecent_anyViolence ) * popn_fsw(2,3,3,age,alcohol,hiv) ;

% Non-recent sexual violence and non-recent physical violence and non-recent police assault/arrest %

popdpdt_fsw(3,3,3,age,alcoholhiv) = nonRecent anyViolence*popn_fsw(3,3,2,age,alcoholhiv) +
nonRecent_anyViolence*popn_fsw(3,2,3,age,alcohol,hiv) +
nonRecent_anyViolence*popn_fsw(2,3,3,age,alcoholhiv) - ( recurrentNPI(age,alcohol) +
recurrentPV(age,alcohol) + recurrentSV(age,alcohol) ) * popn_fsw(3,3,3,age,alcohol,hiv) ;

HIV and ART information

for sv=1

:N_sv

for pv=1:N_pv

for paa=1:N_paa

for age=1:N_Age

for alcohol=1:N_Alcohol
% Susceptible to HIV

popdpdt_fsw(sv,pv,paa,age,alcohol,i_susc) = popdpdt_fsw(sv,pv,paa,age,alcohol,i_susc) - (
FOI_fsw(sv,pv,paa,age,alcohol) + mu_fsw (age,alcohol) ) * popn_fsw(sv,pv,paa,age,alcohol,i_susc);

% Acute HIV

popdpdt_fsw(sv,pv,paa,age,alcohol,i_acute) = popdpdt_fsw(sv,pv,paa,age,alcohol,i_acute) +
FOI_fsw(sv,pv,paa,age,alcohol)*popn_fsw(sv,pv,paa,age,alcohol,i_susc) - ( rate_hiv_progression(i_acute) +
mu_fsw (age,alcohol) ) * popn_fsw(sv,pv,paa,age,alcohol,i_acute) ;

% CD4 >350 treatment naive

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_noART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_noART) +
rate_hiv_progression(i_acute)*popn_fsw(sv,pv,paa,age,alcohol,i_acute) - (
rate_hiv_progression(i_CD4gt350_noART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_noART) + rate_hiv_mortality (i_CD4gt350_noART)
+ mu_fsw (age,alcohol) ) * popn_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_noART);
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% CD4 200-350 treatment naive

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_noART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_noART) +
rate_hiv_progression(i_CD4gt350_noART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_noART) - (
rate_hiv_progression(i_CD4200to350_noART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_noART) +
rate_hiv_mortality(i_CD4200to350_noART) + mu_fsw (age,alcohol) ) *
popn_fsw(sv,pv,paa,age,alcohol,i_CD4200t0350_noART);

% CD4 <200 treatment naive

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD41t200_noART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD41t200_noART) +
rate_hiv_progression(i_CD4200to350_noART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4200t0o350_noART) - (
rate_hiv_progression(i_CD41t200_noART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD41t200_noART) + rate_hiv_mortality(i_CD41t200_noART)
+ mu_fsw (age,alcohol) ) * popn_fsw(sv,pv,paa,age,alcohol,i_CD41t200_noART);

% CD4 >350 on treatment

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_onART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_onART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_noART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4gt3
50_noART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_stopART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4gt
350_stopART) - ( rate_treatment _failure_fsw (i_CD4gt350_onART) + rate_hiv_mortality(i_CD4gt350_onART)
+ mu_fsw (age,alcohol) ) * popn_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_onART);

% CD4 200-350 on treatment

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_onART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_onART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD4200t0350_noART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD
4200to350_noART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_stopART)*popn_fsw(sv,pv,paa,age,alcohol,i_C
D4200to350_stopART) - ( rate_treatment_failure_fsw (i_CD4200to350_onART) +
rate_hiv_mortality(i_CD4200t0350_onART) + mu_fsw (age,alcohol) ) *
popn_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_onART) ;

% CD4 <200 on treatment

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD41t200_onART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD41t200_onART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD41t200_noART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD41t20
0_noART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD41t200_stopART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4lt
200_stopART) - ( rate_treatment_failure_fsw (i_CD41t200_onART) +
rate_hiv_progression(i_CD41t200_onART) + mu_fsw (age,alcohol) ) *
popn_fsw(sv,pv,paa,age,alcohol,i_CD41t200_onART);

% CD4 >350 stopped/failed treatment

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_stopART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_stopART) + rate_treatment_failure_fsw
(i_CD4gt350_onART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_onART) - (
rate_hiv_progression(i_CD4gt350_stopART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_stopART) +
rate_hiv_mortality(i_CD4gt350_stopART) + mu_fsw (age,alcohol) ) *
popn_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_stopART);

274



Appendix D

% CD4 200-350 stopped/failed treatment

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_stopART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_stopART) +
rate_hiv_progression(i_CD4gt350_stopART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4gt350_stopART) +
rate_treatment_failure_fsw
(i_CD4200t0350_onART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_onART) - (
rate_hiv_progression(i_CD4200to350_stopART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_stopART) +
rate_hiv_mortality(i_CD4200to350_stopART) + mu_fsw (age,alcohol) ) *
popn_fsw(sv,pv,paa,age,alcohol,i_CD4200t0350_stopART);

% CD4 <200 stopped/failed treatment

popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD41t200_stopART) =
popdpdt_fsw(sv,pv,paa,age,alcohol,i_CD41t200_stopART) +
rate_hiv_progression(i_CD4200t0350_stopART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD4200to350_stopART)
+ rate_treatment _failure_fsw (i_CD41t200_onART)*popn_fsw(sv,pv,paa,age,alcohol,i_CD41t200_onART) - (
rate_hiv_progression(i_CD41t200_stopART) +
rate_hiv_treatment_fsw(sv,pv,paa,age,alcohol,i_CD41t200_stopART) +
rate_hiv_mortality(i_CD41t200_stopART) + mu_fsw (age,alcohol) ) *
popn_fsw(sv,pv,paa,age,alcohol,i_CD41t200_stopART);

end
end
end
end

end

Aging information
for sv=1:N_sv
for pv=1:N_pv
for paa=1:N_paa
for alcohol=1:N_Alcohol
for hiv = 1:N_HIVandART

popdpdt_fsw(sv,pv,paa,i_young,alcohol,hiv) = popdpdt_fsw(sv,pv,paa,i_young,alcohol,hiv) -
rate_AgeTurnover * popn_fsw (sv,pv,paa,i_young,alcohol,hiv);

popdpdt_fsw(sv,pv,paa,i_older,alcohol,hiv) = popdpdt_fsw(sv,pv,paa,i_older,alcohol,hiv) + rate_AgeTurnover
* popn_fsw (sv,pv,paa,i_young,alcohol,hiv);

end
end
end
end

end
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Clients

HIV and ART information

% Susceptible to HIV

popdpdt_client(i_susc) = RecruitRate_Client - ( FOI_client + mu_client ) * popn_client(i_susc);
% Acute HIV

popdpdt_client(i_acute) = FOI_client*popn_client(i_susc) - ( rate_hiv_progression(i_acute) + mu_client ) *
popn_client(i_acute);

% CD4 >350 treatment naive

popdpdt_client(i_CD4gt350_noART) = rate_hiv_progression(i_acute)*popn_client(i_acute) - (
rate_hiv_progression(i_CD4gt350_noART) + rate_hiv_treatment_client(i_CD4gt350_noART) + rate_hiv_mortality
(i_CD4gt350_noART) + mu_client ) * popn_client(i_CD4gt350_noART);

% CD4 200-350 treatment naive

popdpdt_client(i_CD4200to350_noART) =
rate_hiv_progression(i_CD4gt350_noART)*popn_client(i_CD4gt350_noART) - (
rate_hiv_progression(i_CD4200to350_noART) + rate_hiv_treatment_client(i_CD4200to350_noART) +
rate_hiv_mortality(i_CD4200t0350_noART) + mu_client ) * popn_client(i_CD4200to350_noART);

% CD4 <200 treatment naive

popdpdt_client(i_CD41t200_noART) =
rate_hiv_progression(i_CD4200t0350_noART)*popn_client(i_CD4200t0350_noART) - (
rate_hiv_progression(i_CD41t200_noART) + rate_hiv_treatment_client(i_CD41t200_noART) + mu_client ) *
popn_client(i_CD41t200_noART);

% CD4 >350 on treatment

popdpdt_client(i_CD4gt350_onART) =
rate_hiv_treatment_client(i_CD4gt350_noART)*popn_client(i_CD4gt350_noART) +
rate_hiv_treatment_client(i_CD4gt350_stopART)*popn_client(i_CD4gt350_stopART) - ( rate_treatment _failure_client
(i_.CD4gt350_onART) + rate_hiv_mortality(i_CD4gt350_onART) + mu_client) * popn_client(i_CD4gt350_onART);

% CD4 200-350 on treatment

popdpdt_client(i_CD4200to350_onART) =
rate_hiv_treatment_client(i_CD4200to350_noART)*popn_client(i_CD4200to350_noART) +
rate_hiv_treatment_client(i_CD4200to350_stopART)*popn_client(i_CD4200to350_stopART) - (

rate_treatment _failure_client (i_CD4200to350_onART) + rate_hiv_mortality(i_CD4200to350_onART) + mu_client ) *
popn_client(i_CD4200to350_onART);

% CD4 <200 on treatment

popdpdt_client(i_CD41t200_onART) = rate_hiv_treatment_client(i_CD41t200_noART)*popn_client(i_CD41t200_noART)
+ rate_hiv_treatment_client(i_CD41t200_stopART)*popn_client(i_CD41t200_stopART) - ( rate_treatment_failure_client
(i_CD41t200_onART) + rate_hiv_progression(i_CD41t200_onART) + mu_client ) * popn_client(i_CD41t200_onART);

% CD4 >350 stopped/failed treatment

popdpdt_client(i_CD4gt350_stopART) = rate_treatment _failure_client
(i_CD4gt350_onART)*popn_client(i_CD4gt350_onART) - ( rate_hiv_progression(i_CD4gt350_stopART) +
rate_hiv_treatment_client(i_CD4gt350_stopART) + rate_hiv_mortality(i_CD4gt350_stopART) + mu_client) *
popn_client(i_CD4gt350_stopART);

276



Appendix D

% CD4 200-350 stopped/failed treatment

popdpdt_client(i_CD4200to350_stopART) =
rate_hiv_progression(i_CD4gt350_stopART)*popn_client(i_CD4gt350_stopART) + rate_treatment_failure_client
(i_.CD4200t0350_onART)*popn_client(i_CD4200to350_onART) - ( rate_hiv_progression(i_CD4200to350_stopART) +
rate_hiv_treatment_client(i_CD4200to350_stopART) + rate_hiv_mortality(i_CD4200to350_stopART) + mu_client ) *
popn_client(i_CD4200to350_stopART);

% CD4 <200 stopped/failed treatment

popdpdt_client(i_CD41t200_stopART) =
rate_hiv_progression(i_CD4200to350_stopART)*popn_client(i_CD4200to350_stopART) +

rate_treatment _failure_client (i_CD41t200_onART)*popn_client(i_CD41t200_onART) - (
rate_hiv_progression(i_CD41t200_stopART) + rate_hiv_treatment_client(i_CD41t200_stopART) + mu_client ) *
popn_client(i_CD41t200_stopART);

Force of infection (Matlab code)

The force of infection depends on the fraction of sex acts protected by condoms, number of
sexual partners and associated HIV prevalence, number of sex acts in a FSW-client partnership
and, and infectiousness (i.e. the probability of transmission per sex act from an infected contact,

which varies by gender, HIV stage, ART status, and condom use), as follows:

%---- Number of FSWs in each risk group----%

nFSW_riskGroup = zeros (N_SV,N_PV,N_PAA,N_Age,N_Alcohol);

for sv=1:N_SV
for pv=1:N_PV
for paa=1:N_PAA
for age=1:N_Age
for alcohol=1:N_Alcohol
nFSW_riskGroup (sv,pv,paa,age,alcohol) = sum (popn_fsw (sv,pv,paa,age,alcohol,:));
end
end
end
end

end

%---- Number of clients----%

nClient = sum (popn_client);
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%--- Consistent condom use---%

CCU_2015_young =1 - 1CU_2015_young;
CCU_2015_old = 1- ICU_2015_old;

if t < Cond_Start
CCU_coverage_young = 0;
CCU_coverage_old = 0;

elseif t < Cond_Plateau

CCU_coverage_young = (t-Cond_Start)/(Cond_Plateau-Cond_Start) * CCU_2015_young;

CCU_coverage_old = (t-Cond_Start)/(Cond_Plateau-Cond_Start) * CCU_2015_old;

else
CCU_coverage_young = CCU_2015_young;
CCU_coverage_old = CCU_2015_old;

end

%--- Inconsistent condom use---%

ICU_base = zeros (N_SV,N_PV,N_PAAN_Age,N_Alcohol);
ICU_base (:,::,1,1) =1 - CCU_coverage_young;

ICU_base (:,::,1,2) =1 - CCU_coverage_young;

ICU_base (:,:,;,2,1) = 1 - CCU_coverage_old;

ICU_base (:,:,;,2,2) = 1 - CCU_coverage_old;

RR_cond = ones (N_SV,N_PV,N_PAA,N_Age,N_Alcohol);
RR_cond (2,:,:,:,:) = RR_ICU_from_SV;
RR_cond (3,:,:,:,:) = RR_ICU_from_SV;

ICU_prop = zeros (N_SV,N_PV,N_PAA,N_Age,N_Alcohol);
ICU_prop (:,:,::,:) = ICU_base (:,:,:,:,:) .* RR_cond (:,:,3,3,:);
ICU_prop(ICU_prop > 1)=1;

%---- Overall fraction of sex acts protected by condoms ----%

FracActsCond = zeros (N_SV,N_PV,N_PAA,N_Age,N_Alcohol);

Appendix D

FracActsCond(:,:,:,:,:) = (ICU_prop (:,:,::,:) * FracActsCond_ICU ) + ( (1 - ICU_prop (:,:,::,:)) * FracActsCond_CCU );
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%--- Rho (probability of mixing between FSWs and clients, which is proportionate) ---%
P_FSW = zeros (N_SV,N_PAA,N_PH,N_Age,N_Alcohol); % total partnerships on offer by FSWs in group

for csv=1:N_SV
for cpv=1:N_PAA
for ph=1:N_PH
for age=1:N_Age
for alcohol=1:N_Alcohol

P_FSW (sv,pv,paa,age,alcohol) = pcr_FSW (age,alcohol) * nFSW_riskGroup (sv,pv,paa,age,alcohol);

end
end
end
end
end

totP_FSW = sum(sum(sum(sum(sum(P_FSW (:,:,:,:,:)))))); % total partnerships on offer by all FSWs

%--- Check balancing of partnerships and adjust if necessary ---%

totP_clients = pcr_Client * nClient; % total partnerships on offer by clients
B = totP_clients / totP_FSW; % discrepancy in total partnerships for FSWs and clients
ifB==1

pcr_Client_balance = pcr_Client;
else
per_Client_balance = pcr_Client* (B * -1); % amend client partner rate if discrepancy

end

%--- In this section the FOI for FSWs is calculated ---%
prob_Condom_FSW = zeros (1,N_HIVandART);

prob_NoCondom_FSW = zeros (1,N_HIVandART);

for hiv = 2:N_HIVandART
prob_Condom_FSW (hiv) =1 - (beta_M_to_F * RR_HIVstage(hiv) * (1-efficacy_condom) * (1-efficacy_ART (hiv)));

end

for hiv = 2:N_HIVandART
prob_NoCondom_FSW (hiv) =1 - ( beta_M_to_F * RR_HIVstage(hiv) * (1-efficacy_ART (hiv)) );

end
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beta_fsw = zeros (N_SV,N_PV,N_PAA N_Age,N_Alcohol,N_HIVandART);

for sv=1:N_sv
for pv=1:N_pv
for paa=1:N_paa
for age=1:N_Age
for alcohol=1:N_Alcohol
for hiv=2:N_HIVandART

beta_fsw (sv,pv,paa,age,alcohol,hiv) = 1 - ( ( prob_Condom_FSW (hiv) * ( FracActsCond
(sv,pv,paa,age,alcohol) * numActs ) ) * ( prob_NoCondom_FSW (hiv) * ( (1 - FracActsCond
(sv,pv,paa,age,alcohol)) * numActs ) ) );

end
end
end
end
end
end

beta_inf fsw = zeros (N_SV,N_PV,N_PAAN_Age,N_Alcohol,N_HIVandART);

for sv=1:N_sv
for pv=1:N_pv
for paa=1:N_paa
for age=1:N_Age
for alcohol=1:N_Alcohol
for hiv=2:N_HIVandART

beta_inf _fsw (sv,pv,paa,age,alcohol,hiv) = beta_fsw (sv,pv,paa,age,alcohol,hiv) * popn_client (hiv);

end
end
end
end
end
end

beta_infN_fsw = zeros (N_SV,N_PV,N_PAA,N_Age,N_Alcohol);

for sv=1:N_sv
for pv=1:N_pv
for paa=1:N_paa
for age=1:N_Age
for alcohol=1:N_Alcohol

beta_infN_fsw (sv,pv,paa,age,alcohol) = sum ( beta_inf_fsw (sv,pv,paa,age,alcohol,:) ) / nClient;

end
end
end
end
end
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FOI_fsw = zeros(N_SV,N_PV,N_PAA,N_Age,N_Alcohol);

for sv=1:N_sv
for pv=1:N_pv
for paa=1:N_paa
for age=1:N_Age
for alcohol=1:N_Alcohol

FOI_fsw (sv,pv,paa,age,alcohol) = pcr_FSW (age,alcohol) * beta_infN_fsw (sv,pv,paa,age,alcohol) ;

end
end
end
end
end

%--- In this section FOI for Clients is calculated---%
prob_Condom_Client = zeros (1,N_HIVandART);

prob_NoCondom_Client = zeros (1,N_HIVandART);

for hiv = 2:N_HIVandART
prob_Condom_Client (hiv) =1 - (beta_F_to_M * RR_HIVstage(hiv) * (1-efficacy_condom) * (1-efficacy_ART (hiv)));

end

for hiv = 2:N_HIVandART
prob_NoCondom_Client (hiv) =1 - ( beta_F_to_M * RR_HIVstage(hiv) * (1-efficacy_ART(hiv)) );

end

beta_client = zeros (N_SV,N_PV,N_PAA,N_Age,N_Alcohol,N_HIVandART);

for sv=1:N_sv
for pv=1:N_pv
for paa=1:N_paa
for age=1:N_Age
for alcohol=1:N_Alcohol
for hiv=2:N_HIVandART

beta_client (sv,pv,paa,age,alcoholhiv) = 1 - ( ( prob_Condom_Client (hiv) * ( FracActsCond
(sv,pv,paa,age,alcohol) * numActs ) ) * ( prob_NoCondom_Client (hiv) * ( (1 - FracActsCond
(sv,pv,paa,age,alcohol)) * numActs ) ) ) ;

end
end
end
end
end
end
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beta_inf client = zeros (N_SV,N_PV,N_PAA,N_Age,N_Alcohol,N_HIVandART);

for sv=1:N_sv
for pv=1:N_pv
for paa=1:N_paa
for age=1:N_Age
for alcohol=1:N_Alcohol
for hiv=2:N_HIVandART

beta_inf_client (sv,pv,paa,age,alcohol,hiv) = beta_client (sv,pv,paa,age,alcohol,hiv) * popn_fsw
(sv,pv,paa,age,alcohol,hiv);

end
end
end
end
end
end

beta_infN_client = zeros (N_SV,N_PV,N_PAA,N_Age,N_Alcohol);

for sv=1:N_sv
for pv=1:N_pv
for paa=1:N_paa
for age=1:N_Age
for alcohol=1:N_Alcohol

beta_infN_client (sv,pv,paa,age,alcohol) = sum ( beta_inf_client (sv,pv,paa,age,alcohol,:) ) / nFSW_riskGroup
(sv,pv,paa,age,alcohol) ;

end
end
end
end
end

beta_infNrho_client = zeros (N_SV,N_PV,N_PAA,N_Age,N_Alcohol);

beta_infNrho_client (:,:,:,:,:) = rho_fsw(:,:,3,:,:) .* beta_infN_client (:,:,:,:,:);

Initial conditions

At the start of the simulation FSWs were all initialised as young, HIV-susceptible FSWs, with no
prior experience of violence, with a proportion in each alcohol use state; while clients started as
HIV susceptible. To stabilise the relative size of the FSW age groups and to reach equilibrium
prevalence of violence, the model was run for 100 years before HIV was introduced. The start of
the HIV epidemic corresponds to 1970 as was specified in the Shannon et al modelling study [1].
At that time HIV was seeded in the model by assuming that a small proportion (0.5-2%) of clients
and FSWs were HIV infected with CD4>350 at the start of the HIV epidemic. FSWs in each

subgroup (by age, experience of violence, alcohol use) were all seeded with the same proportion.
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Table D1. HIV prevalence and ART coverage (% of HIV positive) data used to inform the target
ranges used in model fitting shown in Table 5.2

Outcome Population

Year

N

Prevalence
(95% CI)t

Study/source; study
design; location; sampling
strategy; age of FSWs

HIV prevalence | Older FSWs

2005

498

30.3% (29.2-37.6%)

Luchters et al 2008 [2]; post-
intervention cross-sectional
survey; Mombasa, Kenya;
snowball sampling mean age
of 29.5 years, Mombasa

HIV prevalence | Older FSWs

2005-
2006

689

36.0% (95%Cl: 32.5-40.0%)

Chersich et al 2007 [3];
cross-sectional; Mombasa;
snowball sampling; mean age
of 30.4 years

HIV prevalence | Older FSWs

2005-
2006

803

35.2% (95%ClI: 31.9-38.7)

Luchters et al 2010 [4];
cross-sectional; Mombasa;
snowball sampling; median
age of 28 years

HIV prevalence | Young FSWs

2015

346

9.8% (95%Cl: 6.9-13.5)

Transitions data analysis;
cross-sectional study;
Mombasa; multi-stage cluster
sample; FSWs aged 14-24
years

HIV prevalence | Clients

2004-
2005

484

8.0% (95%Cl: 5.4-10.4)

PhD thesis, S. Mishra 2014
[5]

HIV prevalence | Clients

2004-
2005

71

14.1% (95%Cl: 7.0-24.3)

PhD thesis, S. Mishra 2014
[5]

% HIV positive
on ART

Young FSWs

2015

34

17.6% (95%Cl: 6.8-34.5)

Transitions data analysis;
cross-sectional study;
Mombasa; multi-stage cluster
sample; FSWs aged 14-24
years

1 Binomial exact 95% confidence intervals were calculated from the available data if no 95%CI was reported

Table D2. Violence prevalence data for young FSWs used to inform the target ranges used in
model fitting shown in Table 5.2

Outcome Population Year | N Prevalence Study/source;
(95% CI)2 study design;

location; sampling
strategy; age of
FSWs

Sexual violence, ever Young FSWs 2015 | 402 29.6% (25.2-34.3%) Transitions data

Sexual violence, recently?! Young FSWs | 2015 | 393 12.0% (8.9-15.6%) analysis; cross-

Physical violence, ever Young FSWs 2015 | 406 30.3% (25.9-35.0%) sectional study;

Physical violence, recently! | Young FSWs | 2015 | 397 | 17.1% (13.6-21.2%) | Mombasa, Kenya;

ysical violence, recently oung s o 0 .

Police assault or arrest, ever | Young FSWs 2015 404 45.3% (40.4-50.3%) multlis'.ce;gsev;lusteg

Police assault or arrest, Young FSWs 2015 397 19.4% (15.6-23.6%) iirflzrzl?ears 5 age

recently?

11n the last 6 months

2 Binomial exact 95% confidence intervals were calculated from the data
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Table D3. HIV prevalence and ART coverage (% HIV positive on ART) data for FSWs and clients
that were not used during the fitting procedure

Outcome Population | Year | N Prevalence Study/source; study design;
(95% CI)t sampling strategy; age of FSWs
HIV prevalence Older FSWs | 1993 1502 56.0% Baeten et al 2000 [6]; prospective
(53.4-58.5%) cohort; Mombasa, Kenya;
HIV prevalence Older FSWs | 1994 | 198 54.0% enrolment of FSWs attending a
(46.8-61.1%) municipal clinic
HIV prevalence Older FSWs | 1995 597 54.6%
(50.5-58.7%)
HIV prevalence Older FSWs | 1996 791 50.9%
(47.4-54.5%)
HIV prevalence Older FSWs | 1997 540 50.9%
(46.6-55.2%)
HIV prevalence Older FSWs | 2000 493 30.6% Luchters et al 2008 [2]; pre-
(26.6-34.9%) intervention cross-sectional
survey; Mombasa; snowball
sampling; mean age of 30 years
HIV prevalence Older FSWs | 2001- | 1182 51.9% Kavanaugh et al 2012 [7];
2007 (50.0-54.7%) prospective cohort; Mombasa;
enrolment of FSWs attending a
municipal clinic; 54.1% > age 30
years
HIV prevalence Older FSWs | 2006- | 176 31.3% Van der Elst et al 2009 [8];
2008 (24.5-38.7%) prospective cohort; Mombasa;
peer educators identified
participants; median age of 28
years
HIV prevalence Older FSWs | 2011- | 818 20.3% Bengtson et al 2014 [9]; baseline
2012 (17.6-23.2%) survey of longitudinal
intervention; Mombasa;
convenience, enrolled from three
community drop-in centers;
age18-54 years (70%>23 years
old)
HIV prevalence Older FSWs | 2012- | 388 22.0% Lafort et al 2016 [10]; cross-
2013 (17.9-26.4%) sectional; Mombasa, Kenya;
respondent-driven sampling;
median age of 26 years
HIV prevalence Young 2000 27 15.0% Luchters et al 2008 [2]; pre-
FSWs (4.2-33.7%) intervention cross-sectional
survey; Mombasa; snowball
sampling; sub-sample aged 15-
19 years
HIV prevalence Young 2005 | 26 15% Luchters et al 2008 [2]; post-
FSWs (4.3-34.9%) intervention cross-sectional
survey; Mombasa; snowball
sampling; sub-sample aged 15-19
years
HIV prevalence Clients 2003 | 86 4.3% Kenya DHS 2003 [11]
(1.2-11.5%)
HIV prevalence Clients 2003 | 355 7.3% Kenya DHS 2003 [11]
(4.8-10.6%)
HIV prevalence Clients 2008- | 66 4.1% Kenya DHS 2008-2009 [12]
2009 (1.0-12.7%)
% HIV positive on ART | Older FSWs | 2012- | 73 39.3%:2 Lafort et al 2016 [10]; cross-
2013 (28.5-51.9%) sectional; Mombasa; respondent-
driven sampling; median age of
26 years
% HIV positive on ART | Older FSWs | 2012- | 405 59.3% White et al 2016 [13]; cohort
2015 (54.3-64.0%) study; Mombasa, recruited from

the Mombasa Cohort3, modal age
group was 40-49 years

284



Appendix D

% HIV positive on ART | Clients 2004 2.1%

% HIV positive on ART | Clients 2005 4.7%

% HIV positive on ART | Clients 2006 10.6%
% HIV positive on ART | Clients 2007 14.8%
% HIV positive on ART | Clients 2008 20.0%
% HIV positive on ART | Clients 2009 26.8%
% HIV positive on ART | Clients 2010 32.4%
% HIV positive on ART | Clients 2011 30.5%
% HIV positive on ART | Clients 2012 33.3%
% HIV positive on ART | Clients 2013 34.4%
% HIV positive on ART | Clients 2014 37.3%
% HIV positive on ART | Clients 2015 44.2%

Kenya 2015 HIV estimates report
(data shown are the estimates for
all males in Kenya) [14]

1 Binomial exact 95% confidence intervals were calculated from the available data if no 95%CI was reported

2 RDS-adjusted estimate

3The Mombasa cohort is a long-term cohort of FSWs established in 1993; from 2004 FSWs enrolled in the Mombasa
cohort could receive ART if eligible through either the study research clinic or other clinics in the area

Table D4. Violence prevalence data that were not used in the model fitting procedure

Outcome Population Year | N Prevalence Source; study design;
(95% CI)2 location; sampling

strategy; age of FSWs

Police assault or arrestand | Young FSWs 2015 | 404 17.3% (13.8-21.3%) | Transitions data

physical violence, ever analysis; cross-

Police assault or arrestand | Young FSWs | 2015 | 388 4.0% (2.4-6.6%) sectional study;

physical violence, recently! Mombasa, Kenya;

Police assault or arrestand | Young FSWs | 2015 | 400 15.8% (12.3-19.7%) | multi-stage cluster

sexual violence, ever sample; FSWs aged

Police assault or arrestand | Young FSWs 2015 385 2.3% (1.1-4.4%) 14-24 years

sexual violence, recently?!

Physical violence and sexual | Young FSWs | 2015 | 402 17.9% (14.2-22%)

violence, ever

Physical violence and sexual | Young FSWs | 2015 | 389 5.9% (3.8-8.7%)

violence, recently!

Police assault or arrestand | Young FSWs | 2015 | 400 11.0% (8.1-14.5%)

physical violence and sexual

violence, ever

Police assault or arrestand | Young FSWs 2015 381 1.8% (0.7-3.7%)

physical violence and sexual

violence, recently!

Police assault or arrest, Older FSWs 2014 | 693 30.0% (26.6-33.5%) | NASCOP polling booth

recently?! survey report [15];

Police assault or arrest, Older FSWs 2015 | 377 52.0% (46.8-57.1%) | national Kenya survey

recently?! (Mombasa data is

Sexual violence, recently? Older FSWs 2014 | 693 17.0% (14.3-20.0%) | reported here); FSWs

Sexual violence, recently? Older FSWs 2015 | 377 20.0% (16.0-24.3%) | aged 18 and above

Note: There are a number of additional estimates of prevalence of violence among FSWs in Kenya (see Table D6), but
due to the varying definitions and time-periods of violence, that were not directly comparable to those used in this
modelling analysis, they were not used when comparing model predictions to observed data.

1]n the last 6 months

2 Binomial exact 95% confidence intervals were calculated from the data
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Table D5. HIV prevalence by experience of
violence among young FSWs in 2015

Transitions data

% (95% CI)

Ever sexual violence

No 8.3 (5.0-12.5)
Yes 12.9 (7.0-21.0)
Ever physical violence

No 7.5 (4.5-11.6)
Yes 15.2 (9.0-23.6)
Ever police assault or arrest

No 7.6 (4.3-12.3)
Yes 12.2 (7.4-18.7)
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Table D6. Estimates of prevalence of violence (sexual, physical or police-related) among FSWs in Kenya from published studies

Study Location Study Years! | Participant Details of violence outcome/s measured Time-period of violence Violence outcome
design characteristics in study outcome estimate
(N and age)
Elmore- Nairobi, Exploratory 2000- 475 FSWs; 1) Forced to have sex unpaid with a client because | 1) Past month 1) 35%
Meegan et al Kenya survey 2001 median age of 26 of threat of or actual use of physical violence 2) Past month 2)17%
2004 [16] years 2) Physical assaulted (beaten) by a client
Thomsen et al Mombasa, Prospective 2004 210 FSWs; 1) Physically assaulted by a sexual partner 1) Past 12 months 1) 11%
2006 [17] Kenya study average age of 29
years
Chersich et al Mombasa, Cross- 2005- 719 FSWs; 1) Physically forced to have sex without payment 1) Past 12 months 1) 32.4%
2007 [3] Kenya sectional 2006 mean age of 30 years | by a client
study
Van der Elstet | Mombasa, Cohort study | 2008 139 FSWs (ACASI) 1) Been raped 1) Past 3 months (at 1) 6.5% (ACASI)
al 2009 [8] Kenya and 139 FSWs (FtF); enrolment) and4.4% (FtF)
median age of 28
years (ACASI)
Tegang et al Mombasa, Cross- 2007 297 FSWs; 1) Forced to have sex without a condom 1) Ever 1) 48%
2010 [18] Kenya sectional median age of 25 2) Forced to have sex without a condom, been 2) Ever 2)77%
study years (46% were 15- | beaten or physically abused as a result of doing
24 years) sex work, or been forced to have sex by a partner
using threats or physical violence
Luchters et al Mombasa, Cohort study | 2006- 400 FSWs; 1) Sexual and/or physical violence by an 1) 12 month study period 1) 55.0%
2013 [19] Kenya 2007 mean age of 25 years | emotional partner (current boyfriend of husband) | 2) 12 months preceding study; 2) 23.5% and 25.6%
2) Slapped or had something thrown at you that and 12 month study period 3)22.3% and 19.1%
could hurt by any partner 3) 12 months preceding study; 4)31.8% and 26.7%
3) Physically forced to have sex by any partner and 12 month study period 5) 14.3% and 13.6%
when they did not want sex 4) 12 months preceding study; 6) 17.8% and 31.3%
4) Pushed or shoved by any partner and 12 month study period 7)10.8% and 12.0%
5) Hit with a fist or something else, kicked, or 5) 12 months preceding study;
beaten up by a partner and 12 month study period
6) Had sex with a partner as was afraid of whathe | 6) 12 months preceding study;
might do and 12 month study period
7) Forced by a partner to do something sexual 7) 12 months preceding study;
which she found degrading or humiliating and 12 month study period
Benoit et al Kibera, Cross- 2011 27 FSWs (all HIV+); 1) Sexually hurt by a partner 1) Ever 1) 33.3%
2013 [20] Kenya sectional aged 18-45 years 2) Physically hurt by a partner 2) Ever 2) 44.4%
study
Chersich et al Mombasa, Cohort study | 2006- 400 FSWs; 1) Physically forced to have sex by any partner 1) Past 12 months 1) 19.2%
2014 [21] Kenya 2007 mean age of 25 years | when you did not want to 2) Past 12 months 2)36.9%
(22.7% aged 16-20 2) Pushed, slapped, hit or kicked by a partner
years)
Packetal 2014 | Mombasa, RCT for an 2011- 619 FSWs (all 1) Any intimate partner (client or non-paying 1) Last 30 days (at baseline) 1) 78.7%
[22] Kenya alcohol harm | 2012 moderate risk partner) violence (including sexual violence, 2) Last 30 days (at baseline) 2) 28.8%
3) Last 30 days (at baseline) 3)35.1%
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reduction drinkers scoring 7-19 | physical violence, verbal abuse and financial 4) Last 30 days (at baseline) 4)32.0%
intervention on AUDIT score); abuse)? 5) Last 30 days (at baseline) 5)35.7%
39.3% aged 18-24 2) Beaten or physically abused by a client 6) Last 30 days (at baseline) 6) 30.2%
years 3) Forced to have sex by a client 7) Last 30 days (at baseline) 7) 44.4%
4) Forced to do other sexual things by a client 8) NA 8)47.2%
5) Forced to have sex without a condom by a client
6) Beaten or physically abused by a non-paying
partner
7) Forced to have sex by a non-paying partner
8) Physical or sexual child abuse
L’Engle et al Mombasa, RCT for an 2011- 814 FSWs (all 1) Forced to have sex against her desire by a client | 1) Last 30 days (at baseline; at 1) 35%/31% in
2014 [23] Kenya alcohol harm | 2012 moderate risk 2) Forced to have sex against her desire by a non- 6 month follow-up; and at 12 intervention/ control
reduction drinkers scoring 7-19 | paying partner month follow-up) group; 17%/21% in
intervention on AUDIT score); 2) Last 30 days (at baseline; at intervention/ control
mean age 27.5 years 6 month follow-up; and at 12 group; and 14%/19%
month follow-up) in intervention/
control group
2) 47%/43% in
intervention/ control
group; 30%/29% in
intervention/ control
group; and 23%/25%
in intervention/
control group
Bhattacharjee Multi-sites in | Cross- 2013- 3448 FSWs; 1) Beaten or physically forced to have sexual 1) Past 6 months 1) 22.4%
etal 2015 [24] | Kenya sectional 2014 age >18 years (43.4% | intercourse 2) Past 6 months 2) 43.8%
(Nairobi, study aged 18-24 years) 2) Arrested or beaten up by police, criminal
Mombasa, elements etc.
Nakuru,
Nyeri, Thika,
Kisumu and
Eldoret)
Wilson et al Mombasa, Cross- 2012- 357 FSWs (all HIV+); 1) Any intimate partner violence (defined as 1) Past year; and ever 1) 14.6%; and 38.2%
2015 [25] Kenya sectional 2013 median age of 39 physical, sexual or emotional violence by index 2) Past year 2) 10.6%
study years partners [current or most recent husband or 3) Past year 3) 3.6%

boyfriend], where physical violence includes being
slapped, pushed, hit, kicked, choked, or threatened
with a weapon, sexual violence includes forced
sex, coerced sex or degrading sexual behaviour,
and emotional violence includes being insulted,
belittled, intimidated, threatened to hurt someone
you care about).

2) Physical violence by index partner

3) Sexual violence by index partner

4) Any sexual abuse by non-index partners

5) Any physical abuse by non-index partners

4) Past 12 months; and since
age 15
5) Past 12 months; and since
age 15

4) 5.1%; and 20.1%
5) 6.5%; and 20.5%

288




Appendix D

Parcesepe et al | Mombasa, RCT for an 2011- 816 FSWs (all 1) Sexual violence (forced to have sex when you 1) Past 30 days (at baseline) 1) 32.3%
2016 [26] Kenya alcohol harm | 2012 moderate risk did not want to) by paying sex partner 2) Past 30 days (at baseline) 2)26.9%
reduction drinkers scoring 7-19 | 2) Physical violence (beaten or physically abused) | 3) Past 30 days (at baseline) 3) 44.6%
intervention on AUDIT score); by paying sex partner 4) Past 30 days (at baseline) 4)30.3%
mean age of 27 years | 3) Sexual violence (forced to have sex when you 5) NA 5)43.3%
did not want to) by non-paying sex partner 6) NA 6)12.6%
4) Physical violence (beaten or physically abused)
by non-paying sex partner
5) Childhood physical abuse (assessed by asking
“as a child, were you beaten up by your parents or
guardians more than other children your age were
beaten up by their parents or guardians?”)
6) Childhood sexual abuse (assessed by asking “as
a child, were you ever sexually abused?”)
Parcesepe et al | Mombasa, RCT for an 2011- 818 FSWs (all 1) Physical violence (beaten or physically abused) 1) Past 30 days (baseline, 1) 25.4%/27.7% in
2016 [27] Kenya alcohol harm | 2012 moderate risk by paying partners immediately post-intervention; | intervention/ control
reduction drinkers scoring 7-19 | 2) Physical violence (beaten or physically abused) and 6 months post- group; 4.5%/4.6% in
intervention on AUDIT score); by non-paying partner intervention) intervention/ control
aged 18-54 years 2) Past 30 days (baseline, group; and
(38.6% aged 18-24 immediately post-intervention; | 9.7%/5.1% in
years) and 6 months post- intervention/ control
intervention) group
2) 28.7%/32.0% in
intervention/ control
group; 21.8%/16.9%
in intervention/
control group; and
14.2%/9.4% in
intervention/ control
group
Thirumurthy Kisumu, Cohort study | 2015 101 FSWs (all HIV-); 1) Intimate partner violence (physical, sexual and 1) Past 12 months 1) 44%
etal 2016 [28] | Kenya all aged 18-39 years emotional) from any sexual partner
(22% aged 18-24
years)
Wilson et al Mombasa, Cohort study | 2012- 389 FSWs (HIV+); 1) Any intimate partner violence (IPV) (defined as | 1) Pastyear (at baseline) 1) 15.9%
2016 [29] Kenya 2014 median age of 40 physical, sexual or emotional violence by index 2) Past 12 months; and ever (at | 2) 8.5%; and 15.9%

years

partners [current or most recent husband or
boyfriend], where physical violence includes being
slapped, pushed, hit, kicked, choked, or threatened
with a weapon, sexual violence includes forced
sex, coerced sex or degrading sexual behaviour,
and emotional violence includes being insulted,
belittled, intimidated, threatened to hurt someone
you care about).

2) Sexual violence (being forced to have sex or
perform a sex act) by someone other than the
index partner

baseline)

3) Past 12 months; and ever (at
baseline)

4) Past 12 months (follow-up
visits)

3) 7.7%; and 34.5%
4)22.8%
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3) Physical violence (beaten or physically
mistreated) by someone other than the index
partner
4) Any gender based violence (IPV and/or any
sexual or physical violence by non-index partner)
Wilson et al Mombasa, Cohort study | 2012- 214 FSWs (all HIV+ 1) Sexual violence (being forced to have sex or 1) Past 12 months; and ever (at | 1) 6.7%; and 13.6%
2016 [30] Kenya 2014 who have initiated perform a sex act) by someone other than the baseline) 2) 6.1%; and 36.0%
ART) index partner 2) Past 12 months; and ever (at
2) Physical violence (beaten or physically baseline)
mistreated) by someone other than the index
partner
White et al Mombasa, Cohort study | 2012- 405 FSWs (all HIV+); | 1) Physical violence by intimate partner (current 1) Past 12 months; and ever 1) 14.8%; and 41.4%
2016 [13] Kenya 2015 modal age group was | or most recent regular male sex partner) 2) Past 12 months; and ever 2) 5.0%; and 18.2%
40-49 years 2) Sexual violence by intimate partner (current or | 3) Past 12 months; and ever 3) 20.7%; and 51.2%
most recent regular male sex partner) 4) Past 12 months; and ever 4) 12.9%; and 39.4%
3) Any sexual, physical or psychological violence
by intimate partner (current or most recent
regular male sex partner)
4) Physical or sexual violence from a partner other
than the intimate partner
Goyette et al Mombasa, Cohort study | 2012- 404 FSWs (all HIV+) 1) Intimate partner violence 1) Past year 1) 16.6%
2017 [31] Kenya 2015
Lafort et al Mombasa, Cross- 2012- 400 FSWs; 1) Forced sex 1) Past 12 months 1) 14.9%
2017 [32] Kenya sectional 2013 median age 26 years
study

1Year/s of data collection
2 See study for further details on violence measures

Note: this table does not include estimates of emotional/verbal abuse (although some estimates of intimate partner violence may include this type of violence), and this table does not include estimates of
violence from the grey literature (i.e. national reports)
Abbreviations: FSW -female sex worker; ACASI - audio computer assisted self-interview); FtF - face-to-face
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Table D7. Posterior range for calibrated parameters

Appendix D

Parameter Symbol Prior range Posterior median
(95% Crl)

FSW population size in Mombasa Nrsw 6920-11700 9398 (7078-11615)

in 2015

Rate of leaving sex work per year Uyoung 0.065-0.092 0.077 (0.065-0.091)
Holder 0.087-0.125 0.106 (0.088-0.124)

Number of clients seen by FSWs Cyoung 5.0-6.4 5.6 (5.0-6.4)

per week Colder 4.0-7.4 5.5 (4.1-7.2)

Number of sex acts per client nActs 1-2 1.4 (1.0-2.0)

Number of FSWs visited per nfsw 3-8 5(3-8)

month

ICU from 2006 (i.e. when condom | ICUyoungrsw 10-28% 21% (13%-28%)

use is assumed to plateau) ICUolderrsw 14-45% 32% (15%-45%)

% of sex acts which are protected | fractV 75-100% 85% (76-99%)

when reporting CCU

Relative increase in ICU due to RRcond_sv 1.19-4.09 3.03 (1.49-4.06)

recent and non-recent sexual

violence

Rate per year that FSWs asv 0.073-0.112 0.091 (0.076-0.109)

experience sexual violence for the

first-time

Rate per year that FSWs afv 0.076-0.116 0.094 (0.078-0.114)

experience physical violence for

the first-time

Rate per year that FSWs arfad 0.146-0.217 0.188 (0.155-0.215)

experience police assault or arrest

for the first-time

Rate (per year) that FSWs re- VsV 0.687-1.768 1.191 (0.744-1.680)

experience client sexual violence

if previously experienced client

sexual violence

Rate (per year) that FSWs re- vV 1.518-3.474 2.724 (1.671-3.413)

experience client physical

violence if previously experienced

client physical violence

Rate per year that FSWs re- vPAA 0.882-1.772 1.297 (0.898-1.751)

experience police harassment if

previously experienced police

harassment by sub-group

Fraction of FSWs tested for HIV fracTestzo0s 37-47% 42% (37-47%)

per year fracTestzo13 80-92% 86% (80-92%)

Fraction of FSWs initiating ART if | fraclnitiateyoung 10-40% 24% (10-40%)

diagnosed fraclnitiateoider 50-90% 68% (52-89%)

Relative decrease in HIV testing

among FSWs due to recent and

non-recent:

- Sexual violence RRiest sv 0.82-1.0 0.92 (0.82-1.00)

- Physical violence RRest pv 0.83-1.0 0.89 (0.83-0.99)

- Police assault or arrest RRiest paa 0.89-1.0 0.94 (0.89-1.00)

Rate of ART uptake per year Tclient 2006 onwards: 55-65% 59% (55-65%)

among ART-eligible clients

Yearly rate of stopping ART Krsw 0.09-0.24 0.17 (0.09-0.24)

among FSWs

Yearly rate of stopping ART Kclient 0.09-0.16 0.13 (0.09-0.16)

among clients

Probability of HIV transmission

per sex act in asymptomatic stage

(CD4>350)

- Male-to-female B1 0.0006-0.0011 0.0008 (0.0006-0.0010)

- Female-to-male B2 0.0001-0.0014 0.0007 (0.0002-0.0014)

Relative risk of HIV transmission

(compared to CD4>350)

- Acute RRa 4.5-18.8 9.0 (4.8-18.2)

- CD4 200-350 RR200-350 1.0-1.6 1.3 (1.0-1.6)

- CD4 <200 RR200 4.5-7.0 6.1 (4.7-6.9)

Duration in each HIV stage in the

absence of ART (years)
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- Acute 1/01 0.1-0.5 0.3 (0.1-0.5)

- CD4 >350 1/02 4.0-4.8 4.4 (4.0-4.8)

- CD4 200-350 1/03 3.6-4.6 4.2 (3.7-4.6)

- CD4 <200 dur2 1.4-2.8 2.1 (1.5-2.8)
HIV-related mortality rate per

year by HIV stage

- CD4 >350 D, 0.01-0.022 0.01 (0.01-0.02)
- CD4 200-350 D3 0.022-0.038 0.03 (0.02-0.04)
Per-act condom efficacy against Effarr 78-95% 85% (78-95%)
HIV transmission

Per-act effectiveness of ART Effcond 79-96% 88% (79-96%)
against HIV transmission

Seed (% infected with HIV at the seed1970 0.5-2% 1.1% (0.6-1.9%)

start of the HIV epidemic)
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Table D8. PRCC between calibrated parameters and 10-year PAF of sexual violence, physical
violence, and police assault or arrest (i.e. full PAF) by risk group

Young FSWs Older FSWs Clients

Parameter

Nesw 0.03 -0.11 -0.13
Hyoung -0.21 -0.31 -0.19
Holder 0.13 0.14 0.13
Cyoung -0.20 -0.19 -0.20
Colder -0.05 -0.26 -0.12
nActs -0.34 -0.36 -0.36
nFsw -0.23 -0.31 -0.34
ICUyoungrsw 0.48 0.29 0.34
ICUosiderrsw 0.44 0.15 0.24
fractcv 0.80 0.70 0.77
RRcond sv 0.93 0.86 0.89
asv 0.22 0.20 0.18
afv -0.19 -0.06 -0.12
aPAA -0.17 -0.21 -0.21
ald 0.03 -0.10 -0.11
il 0.36 0.30 0.24
vPAA 0.26 0.03 0.07
fracTestzoos -0.06 -0.05 -0.03
fracTestzo13 0.03 -0.05 0.01
fraclnitiateyoung -0.14 -0.11 -0.09
fraclnitiateoider 0.37 0.30 0.29
RRtest sv -0.05 -0.04 -0.19
RRtest_py -0.21 -0.24 -0.33
RRtest paa -0.17 -0.16 -0.29
Tclient 0.04 0.12 0.12
KFsw -0.20 -0.17 -0.25
Kclient -0.41 -0.36 -0.28
B1 -0.39 -0.43 -0.41
B2 -0.36 -0.40 -0.41
RRa 0.34 0.12 0.07
RR200-350 -0.04 -0.16 -0.15
RRz00 0.06 -0.11 -0.07
1/01 0.14 -0.22 -0.26
1/02 -0.07 -0.12 -0.08
1/03 -0.08 0.12 0.11
dur200 -0.39 -0.47 -0.45
) 0.11 -0.16 -0.05
D3 0.19 0.08 0.10
Effarr 0.08 0.19 0.21
Effcond 0.70 0.60 0.64
seed1970 -0.35 -0.33 -0.31

Note: Grey shading highlights PRCC with an absolute value greater than 0.5
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Table D9. PRCC between calibrated parameters and 10-year prevented fraction of intervention 1
(i.e. eliminate sexual violence, physical violence and police assault or arrest) by risk group

Young FSWs Older FSWs Clients

Parameter

Nesw 0.03 -0.10 -0.07
Hyoung -0.11 -0.23 -0.23
older 0.23 0.27 0.41
Cyoung -0.03 -0.19 -0.14
Colder -0.05 -0.20 -0.19
nActs -0.22 -0.27 -0.20
nfsw -0.13 -0.22 -0.09
ICUyoungFSW 0.57 0.33 0.49
ICUolderFsw 0.41 0.24 0.38
fractcv 0.77 0.64 0.66
RRcond sv 0.94 0.84 091
asv 0.23 0.16 0.23
atv -0.13 -0.03 -0.10
afAA -0.11 -0.15 -0.13
ald 0.07 -0.09 0.06
il 0.29 0.22 0.26
vPAA 0.18 0.03 0.10
fracTestzoos -0.03 0.02 0.05
fracTestzo13 0.02 -0.11 -0.20
fraclnitiateyoung -0.18 -0.14 -0.20
fraclnitiateoider 0.28 0.20 0.20
RRtest sv -0.06 -0.05 -0.06
RRtest_py -0.06 -0.18 -0.25
RRtest paa -0.08 -0.24 -0.24
Tclient 0.05 0.14 -0.01
Krsw -0.26 -0.09 -0.28
Kclient -0.32 -0.30 -0.31
B1 -0.24 -0.30 -0.23
B2 -0.25 -0.32 -0.24
RRa 0.28 0.16 0.35
RR200-350 0.00 -0.16 -0.12
RR200 0.11 -0.04 0.04
1/01 0.08 -0.21 0.10
1/02 -0.11 -0.04 -0.06
1/03 0.01 0.17 0.22
dur?00 -0.28 -0.41 -0.44
D 0.13 -0.19 -0.07
D3 0.16 0.09 0.15
Effarr 0.04 0.06 -0.06
Effcond 0.66 0.51 0.52
seed1970 -0.31 -0.27 -0.29

Note: Grey shading highlights PRCC with an absolute value greater than 0.5
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Table D10. PRCC between calibrated parameters and 10-year prevented fraction of intervention 2
(i.e. eliminate sexual violence, physical violence and police assault or arrest in combination with

support to address long-term negative effects of violence) by risk group

Young FSWs Older FSWs Clients

Parameter

Nrsw 0.02 -0.11 -0.11
Uyoung -0.22 -0.30 -0.19
Holder 0.14 0.14 0.11
Cyoung -0.18 -0.17 -0.22
Colder -0.05 -0.26 -0.12
nActs -0.34 -0.34 -0.35
nFsw -0.23 -0.29 -0.35
[CUyoungFSW 0.48 0.27 0.37
ICUolderrsw 0.46 0.12 0.25
fractcu 0.79 0.69 0.76
RRcond_sv 0.94 0.86 0.89
asv 0.23 0.19 0.15
afv -0.21 -0.06 -0.12
aPAA -0.18 -0.20 -0.18
ad 0.03 -0.12 -0.18
i 0.34 0.29 0.24
vPAA 0.27 0.02 0.08
fracTestzo08 -0.06 -0.06 -0.03
fracTestz013 0.04 -0.05 0.03
fraclnitiateyoung -0.15 -0.09 -0.11
fraclnitiateoider 0.37 0.27 0.29
RRtest sv -0.05 -0.06 -0.20
RRtestpv -0.21 -0.22 -0.33
RRtest paa -0.18 -0.15 -0.32
Tclient 0.02 0.11 0.12
KFSW -0.22 -0.16 -0.26
Kclient -0.42 -0.36 -0.26
B1 -0.38 -0.41 -0.40
B2 -0.35 -0.38 -0.41
RRa 0.35 0.11 0.07
RR200-350 -0.05 -0.17 -0.15
RR200 0.07 -0.13 -0.04
1/01 0.15 -0.20 -0.24
1/02 -0.07 -0.14 -0.10
1/03 -0.08 0.11 0.10
dur20 -0.39 -0.46 -0.45
o2 0.11 -0.15 -0.03
(k] 0.19 0.09 0.10
Effart 0.06 0.19 0.18
Effcond 0.70 0.57 0.62
seed1970 -0.35 -0.31 -0.33

Note: Grey shading highlights PRCC with an absolute value greater than 0.5
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Table D11. Crude associations between sexual violence and inconsistent condom use with clients
over different time-periods of violence (N=200)

ICU with new clients, last week
% Crude PR (95% CI) p-value

Lifetime sexual violencel

No 15.2 1.00 (reference)

Yes 31.2 2.05 (1.28-4.27) 0.003
Sexual violence, past 6
months

No 19.0 1.00 (reference)

Yes 21.2 1.12 (0.56-2.23) 0.756

1 Results presented previously in Chapter 4

Table D12. Crude associations between FSWs experience of sexual violence and alcohol use and
HIV testing uptake in the past 12 months

HIV test past 12 months
% Crude PR (95% CI) p-value

Never experienced sexual violence 84.0 1.00 (reference)
and low frequency drinking
Ever sexual violence and low 1.03 (0.91-1.15) 0.677

- 86.1
frequency drinking
Never sexual violence and high 945 1.12 (1.03-1.23) 0.008
frequency drinking )
Ever sexual violence and high

- 68.2 0.81 (0.66-1.00) 0.045
frequency drinking

Note: High frequency drinking is defined as drinking almost every day or every day in the last month.

HIV prevalence among young FSWs in 2015

by experience of sexual violence

I Model
< 40 [ pata
<
Q
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10
0
Ever SV Never SV
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HIV prevalence (%)

HIV prevalence among young FSWs in 2015

by experience of physical violence
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[ o < @
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o
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2
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10
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HIV prevalence among young FSWs in 2015

by experience of police assault or arrest
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:] Data
Ever PAA Never PAA

Figure D1. Model projections of HIV prevalence by experience of violence among young FSWs in 2015
compared to Transitions comparison data. Coloured bars represent the median value of the model fits or the point
estimate from Transitions data, and error bars represent the 95% credible interval of the model fits or the 95%
confidence interval of the point estimate from Transitions data. PAA - police assault or arrest; PV - physical violence;

SV - sexual violence.
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Appendix D

#;4

5 years 10 years

Scenario: No effect of non-recent violence
on ICU and/or HIV testing

- Young FSWs
| [ Oider Fsws
- Clients

5 years 10 years

Figure D2. Population attributable fraction (PAF) of violence against FSWs over 2015-2020 and 2015-2025 (i.e.
5-year and 10-year PAF) in the following scenarios where various effects of violence are removed: (A) remove
all effects of sexual violence, physical violence and police assault or arrest on ICU and/or HIV testing (i.e. full PAF); (B)
remove effects of sexual violence, physical violence and police assault or arrest on ICU and/or HIV testing in turn; (C)
remove effects of recent violence and non-recent violence on ICU and/or HIV testing in turn. The PAF calculated among
young female sex workers (FSWs), older FSWs, and clients are shown. Coloured bars and error bars represent the
median value of the model fits and the 95% credible interval of the model fits, respectively.
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Scenario: Eliminate all future experience of violence
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Scenario: Eliminate all future experience of violence + remove all

long-term negative effects of violence on ICU and/or HIV testing
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Figure D3. Prevented fraction (i.e. percentage of HIV infections potentially averted) among young FSWs, older
FSWs and clients over 5 and 10 years due to the following intervention scenarios: 1) Eliminate all future
experiences of violence from 2015; 2) Eliminate all future experiences of violence and provide support to remove all
the long-term negative effects of violence on ICU and/or HIV testing from 2015. Coloured bars and error bars represent
the median value of the model fits and the 95% credible interval of the model fits, respectively.

Young FSWs Older FSWs Clients
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Figure D4. Impact of violence interventions on HIV prevalence among young FSWs, older FSWs and clients.
Intervention 1 - Eliminate all future experiences of violence from 2015; Intervention 2 - Eliminate all future experiences
of violence and provide support to remove all the long-term negative effects of violence on ICU and/or HIV testing from
2015. Coloured lines show the median of the model projections.
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Figure D5. Impact of violence interventions on ART coverage (% of HIV positive on ART) among young FSWs,
older FSWs and clients. Intervention 1 - Eliminate all future experiences of violence from 2015; Intervention 2 -
Eliminate all future experiences of violence and provide support to remove all the long-term negative effects of violence
on ICU and/or HIV testing from 2015. Coloured lines show the median of the model projections.
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Figure D6. Impact of violence interventions on the weighted average inconsistent condom use (ICU) among
FSWs. Intervention 1 - Eliminate all future experiences of violence from 2015; Intervention 2 - Eliminate all future
experiences of violence and provide support to remove all the long-term negative effects of violence on ICU and/or HIV
testing from 2015. Coloured lines show the median of the model projections.

299



Appendix D

Scenario: No effect of each violence type on Scenario: No effect of each violence type on
ICU and/or HIV testing (original calibration) ICU and/or HIV testing (alternative calibration)
100 - 100 -
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Figure D7. Population attributable fraction (PAF) of violence over 2015-2020 and 2015-2025 (i.e. 5-year and
10-year PAF) in the original and alternative model calibrations. The original calibration assumed increased risk
of ICU among those recently and non-recently experiencing sexual while, while the alternative calibration assumed
increased risk of ICU among those non-recently exposed to violence only. Estimates for all risk groups are shown for
the scenario where all effects of sexual violence, physical violence and police assault or arrest on ICU and/or HIV testing
are removed (i.e. full-PAF). Coloured bars represent the median value of the model fits and error bars represent the
95% credible interval of the model fits. Note that the figure shows results from 70 parameter sets that fit the data in
the original calibration, and 22 parameter sets that fit the data in the alternative calibration (the alternative calibration
was run with 2000 parameter sets of which 22 fit the data, whereas the original calibration was run with 4000
parameter sets of which 70 parameter sets fit the data).
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