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Abstract

Background Understanding the frequency of violence experienced by female sex workers (FSWs) and how violence
contributes to HIV transmission can help improve HIV programs.

Methods Using recent recommendations for modelling structural factors and associated causal pathways, we devel-
oped a HIV transmission dynamic model for FSWs and their clients in Mombasa, Kenya, mechanistically representing
three types of violence (sexual violence, SV; physical violence, PV; police assault and arrest, PAA). Each type of violence
affects HIV transmission through key mediators (condom non-use, HIV testing). We parameterized the model using
data from a cross-sectional study of FSWs aged 15-24 recruited from a systematic geographical mapping sampling
frame in Mombasa, Kenya (Cheuk E et al,, Frontiers in Reproductive Health 2(7), 2020). Using this model, calibrated
(and cross-validated) to HIV epidemiological and violence outcomes, we estimated the incidence of violence epi-
sodes, the contribution of violence to the HIV epidemic measured by the transmission population-attributable frac-
tion, and the potential impact of possible violence interventions.

Results The median estimated incidence of PAA in 2023 among FSWs who had not previously experienced that type
of violence was 0.20 (95% credible interval: 0.17-0.22) per person-year (ppy), about double the incidence of SV and PV
(0.10 (0.09-0.11), 0.11 (0.09-0.12), respectively). The incidence of violence was higher among FSWs who had previ-
ously experienced violence: the incidence of recurrent PV was 2.65 (1.82-3.37) ppy, while the incidence of recurrent
SV and PAA were 1.26 (0.80-1.67) and 1.37 (0.94-1.74 ppy, respectively. In this setting, we estimated that a median

of 35.3% (3.4-55.8%) infections in FSWs and clients combined over the next 10 years may be due to all types of vio-
lence (and mediators), mainly through reduced condom use in FSWs who have ever experienced SV (34.6% (2.4-
55.5%)). Interventions that prevent future violence without mitigating the effects of past violence may only prevent
8.8% (0.8-14.0%) infections over 10 years.

Conclusions FSWs in Mombasa experience violence frequently. In this population, we find that addressing sexual
violence, including mitigating the effects of past violence, is potentially important in reducing HIV transmission in this
population. However, the wide uncertainty range shows longitudinal studies are needed to strengthen the evidence
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of the influence of violence on HIV risk behavior. We find that the recommendations for modelling structural factors

provide a useful framework for describing the model.

Keywords HIV, AIDS, Structural determinants, Structural interventions, Mathematical modelling, Causal pathways,
Female, Sex work, Violence, Condom use, Antiretroviral therapy, Kenya

Background

Female sex workers (FSWs) experience many types of
violence, including sexual violence (SV) and physical vio-
lence (PV) where perpetrators can include clients and
intimate partners, as well as police assault and arrest
(PAA) [1]. Violence from clients has been shown to be
associated with reduced ability to access HIV prevention
[2-5] and treatment [5, 6] services and negotiate con-
dom use [2], while condom breakage is more likely dur-
ing forced sex [7]. Intimate partner violence (IPV) may
increase FSWs’ alcohol or drug use, further affecting their
ability to practice safe sex during sex work [8] and may
reduce engagement in HIV care among FSWs living with
HIV [9, 10]. FSWs worldwide experience extremely high
levels of violence, with 8-76% of FSWs reporting physi-
cal or sexual violence from clients and 4—64% reporting
physical or sexual IPV [11] over a range of recall peri-
ods. Given their high prevalence and influence on HIV
prevention and treatment, the different types of violence
experienced by FSWs are important structural factors
driving their high HIV burden.

As part of the United Nations Sustainable Develop-
ment Goals, UNAIDS recently set targets to address
structural factors, with a goal that less than 10% of key
populations, including FSWs, experience physical or sex-
ual violence by 2025 [12, 13]. Similarly, the World Health
Organization recommended that HIV programs should
work with key population-led organizations to prevent
violence against key populations [14]. In Kenya, national
HIV program guidelines for key populations have high-
lighted the need to include structural interventions since
2014. In 2017, a protocol was published to build capacity
and guide local design and implementation of key popu-
lation-driven violence prevention and response activities
integrated with HIV prevention and treatment programs
[15, 16], though there remains scope to improve imple-
mentation of services [17].

Mathematical modelling can provide insights into
the dynamics of violence, its potential impact on HIV
outcomes, and the likely impact of expanding coverage
of services addressing violence on HIV transmission
[6]. To do this, models need to dynamically repre-
sent the mechanisms through which violence affects
HIV transmission, by modelling the experience of vio-
lence and their influence on associated mediators (i.e.,

intermediate variables such as condom use). Such mod-
els can firstly provide an understanding of the level and
frequency of experience of violence, potentially helping
in understanding how to reduce violence [18]. Secondly,
these models can be useful to refine our understanding
of what parts of the causal pathway contribute most to
the HIV epidemic and thus what combinations of vio-
lence prevention and response activities (e.g., counsel-
ling) could best reduce HIV transmission [19].

However, modelling the impact of structural factors
on infectious diseases is challenging. For modelling
results to meaningfully inform decisions, the model
needs to incorporate structural factors in an evidence-
based manner, using the best data to inform the mod-
elling of the structural factors. Stannah et al. recently
reviewed existing HIV transmission dynamic models of
structural factors and recommended that (i) exposure
to the structural factor(s) should be explicitly defined
and represented mechanistically in order to reflect vari-
ation in exposure over time and over the life course; (ii)
the model should represent the key causal pathways
by which the structural factors influence transmission
through mediators; (iii) the strength of evidence of
data sources informing the level of exposures and effect
sizes of the structural factors on the mediators should
be appraised; (iv) the model should be calibrated in a
Bayesian framework (to reflect parameter uncertainty)
to mediator- and structural factor-based outcomes as
well as HIV outcomes, with additional cross-valida-
tion of these outcomes to other data where possible;
(v) uncertainty and data gaps should be discussed; and
finally, (vi) the specific modelling scenarios and coun-
terfactuals used should be clearly defined [19].

The main aims of this study are twofold. Firstly, we
provide a worked example of applying Stannah et al’s
recommendations [19], by using available data on HIV
risk behavior and violence among FSWs from Mom-
basa, Kenya, to develop a transmission dynamic model
of the effects of experience of violence on HIV trans-
mission among FSWs and clients in Mombasa. As sug-
gested by Stannah, the model represents the causal
pathway for HIV risk through dynamically modelling
experience of three types of violence (SV, PV, and PAA)
and their associated effects on known mediators (e.g.,
condom use). We calibrate the model to available HIV,
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intervention, and violence outcomes and cross-validate
predictions of the calibrated model against additional
outcomes (e.g., prevalences of mediators).

Secondly, we use this calibrated model to provide
insights on the dynamics of violence and its potential
impact on HIV transmission among FSWs and their clients
in Mombasa. Specifically, we use the model to estimate the
incidence of first and recurrent occurrences of each type
of violence among FSWss, to estimate the contributions of
these structural factors to the HIV epidemic, and to assess
the impact of potential violence-prevention interventions.
Finally, we discuss the strengths and weaknesses of this
analysis based on the recommendations in [19].

Methods

Transitions Study data

The data underlying the model parameterization comes
from the Transitions Study, a cross-sectional study
conducted among FSWs in Mombasa, Kenya, in 2015,
described in [20]. In brief, the study recruited 408 young
FSWs aged 15-24 from locations associated with sex
work previously identified through systematic geographic
mapping. This methodology generated a sample that was
representative of young FSWs visiting sex-work hotspots,
though it may have under-sampled FSWs who primar-
ily found clients online and did not come to these spaces
[20]. Participants were interviewed face-to-face to col-
lect data on HIV risk and prevention behavior, while HIV
serostatus was determined via dried blood spot testing
using the Avioq HIV-1 Microelisa System (Avioq Inc.,
Research Triangle Park, NC, USA). Interviewees were
asked about when a sex partner last hurt them (defin-
ing PV in this study), forced them to have sex when they
were not willing (SV), and when they were last physically
assaulted or arrested by law enforcement while working
as a sex worker (PAA). Prevalences of recent and non-
recent experiences of violence are derived from these
data, using a 6-month period to define “recent” experi-
ence to align with other violence prevalence data from
Mombasa used in cross-validation [21-23].

Model structure

We developed a dynamic compartmental model describ-
ing HIV transmission, interventions, and experience
of violence among an open, stable population of FSWs
and their clients in Mombasa, Kenya. FSWs and cli-
ents are stratified by HIV infection stage and ART sta-
tus, while FSWs are additionally stratified by age group
(younger: <25 years, older: 25+years) and experience
of the three types of violence (SV, PV, and PAA). New
individuals enter the population as HIV-negative and
sexually active, and FSWs have no previous experience of
violence.
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Following acute infection, untreated people living with
HIV (PLHIV) progress sequentially through three stages
of chronic infection (>350, 200-350,<200 CD4 cells/
mm?) before AIDS-related death. HIV care is divided
into three categories (ART-naive, on ART, and dropped
out, Additional File 1: Figure S1), with individuals who
drop out allowed to re-initiate ART. ART is assumed to
halt disease progression and reduce HIV-related mortal-
ity compared to untreated individuals in the same CD4
compartment. Modelled ART initiation rates reflect his-
torical changes in Kenyan guidelines on eligibility criteria
by CD4 [24], increases in ART initiation rates among eli-
gible PLHIV over time for clients, and younger and older
FSWs, and FSWs’ experience of violence (details below).
The model also represents time trends in condom use
and oral pre-exposure prophylaxis (PrEP) for FSWs.

The per-capita rate of HIV infection depends on the
age-specific number of partners and number of sex acts
per partnership, sexual mixing by age, the sex-specific
per-act HIV transmission probability by HIV infection
stage and ART status of the infected partner, condom
use, and PrEP use (FSWs only) and their associated effec-
tiveness. Sexual mixing by age is proportionate due to the
need to balance sexual partnerships with one client age
group. Additional details and equations are in Additional
File 1: Text S3-4.

For FSWss, each type of violence (SV, PV, PAA) has three
modelled states (Fig. 1): (i) never experienced; (ii) recent
experience (within the last 6 months); and (iii) non-recent
experience (more than 6 months ago). Transitions from
the recent to non-recent violence state occur at a rate
corresponding to an average time of 6 months; a repeat
experience of violence corresponds to moving from the
non-recent back to the recent violence state. The rate of
experiencing a given type of violence is constant over time
(Table 1), but can differ between new and recurrent expe-
riences of violence. We assume the previous experience of
one type of violence does not influence the rate of experi-
encing other types of violence (i.e., occur independently).
The validity of this assumption is examined by cross-vali-
dating the predicted prevalence of experiencing multiple
types of violence against survey data.

Causal pathways assumptions

Figure 2 shows the assumed model causal pathways
based on the analysis of cross-sectional data from the
Transitions Study, which identified two mediators from
eight potential mediators (listed in Additional File 1: Text
§2) [25]. In this adjusted analysis, each type of lifetime
(encompassing both recent and non-recent) experience
of violence was negatively associated with having an HIV
test in the past year, whereas only experience of lifetime
sexual violence was positively associated with condom
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Fig. 1 Structure of the violence component of the model. Movement horizontally corresponds to changes in the experience of sexual violence
(SV), vertically corresponds to physical violence (PV), and the third dimension corresponds to police assault and arrest (PAA). The enlarged
region on the right shows transitions between different PAA states for female sex workers (FSWs) who have experienced SV and PV non-recently
as an example; the same pattern of transition holds for other SV and PV states. FSW can experience multiple types of violence

non-use. Thus, to reflect their influence on HIV in the
model, we first multiply ART initiation rates (the product
of HIV testing rate and the fraction of treatment-eligible
FSWs following diagnosis), for FSWs living with HIV in
both recent and non-recent violence compartments, by
the empirical risk ratio estimates of HIV testing between
FSWs experiencing and not experiencing the specific
type of violence. Second, for FSWs who have ever expe-
rienced sexual violence in the model, we multiply the
fraction of partnerships without condoms by the empiri-
cal risk ratio estimates [25]. Given the low PrEP uptake
among FSWs in Kenya [23], and the lack of current site-
specific quantitative evidence on the influence of violence
on PrEP use among FSWs (see Additional File: Text S3
for further information), we ignore any effects of violence
on PrEP use.

For FSWs experiencing more than one type of vio-
lence, we multiply their rate of ART initiation by the
smallest multiplier (instead of assuming a multiplicative
effect) across the different types of violence experienced.
This corresponds to a conservative assumption about

the maximum impact of structural interventions and is
explored in the sensitivity analysis described later.

Model parameterization and initialization

Table 1 shows key prior parameter ranges, calibration
data, and data sources related to violence dynamics, HIV
prevention and treatment coverage, and the influence
of violence on the two mediators identified. Additional
parameters are in Additional File 1: Table S4.

Given the lack of longitudinal studies among FSWs
in Mombasa/Kenya, parameters and outcomes related
to violence, sexual behavior, and HIV prevention and
treatment are preferentially derived from the site-spe-
cific Transitions Study (additional details in Additional
Filel: Text S2). Given the lack of data for older FSWs,
we assume the same prior rates as for young FSWs. The
risk ratios for violence on condom use and ART initia-
tion (due to reduced HIV testing) in the model are also
derived from Transitions data, increasing the internal
validity of estimates. Information on condom use and
HIV testing in FSWs at other timepoints and for older
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Exposures

Structural determinants:

Mediators
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Outcomes

Mediators affecting the duration

Sexual violence (SV)

Physical violence (PV)

Mediators affecting probability

of transmissibility among PLHIV:
e HIV testing rate of FSWs
(changes rate of ART uptake)

* HIVincidence

¢ Number of HIV
infections over 10 and
40 years among FSWs
and clients combined

of transmission:

Police assault and arrest (PAA) =——)

* Condom non-use with clients

Fig. 2 Causal pathway diagram showing how violence influences HIV outcomes via mediators. Causal pathway diagram showing how violence
influences HIV outcomes via condom use and HIV testing/ART uptake in the model based on available data for FSWs in Mombasa [25]. The rate
of ART uptake is shown in parentheses as a mediator because changes in HIV testing change ART uptake in the model

FSWs [21-23, 26-29], and client behavior [24, 40], were
sourced from additional published literature from Kenya.
Key parameters are assigned prior uncertainty ranges
corresponding to the 95%Cls of empirical estimates.

HIV was introduced in 1970 when violence was already
at equilibrium. The model is written in the C program-
ming language, using a fourth-order Runge—Kutta solver.
All model output analysis is carried out in R version 4.3.2
[41] (details in Additional File 1: Text S6).

Model fitting and validation

The model is fitted in a Bayesian framework [42]. Latin
hypercube sampling is used to generate 20,000 parameter
sets, sampled from uniform prior parameter ranges [43].
A parameter set is selected as a good fit if the model pre-
dictions all lie within the 95%Cls of the following empiri-
cal outcome estimates (see Table 1 for details): 2005
overall HIV prevalence in FSWs and in clients, 2015 HIV
prevalence in younger FSWs, ART coverage in younger
FSWs in 2015, and prevalences of both recent and life-
time experience of SV/PV/PAA in younger FSWs in 2015.
The resulting posterior parameter set is used to simulate
the baseline scenario.

Additional estimates at different timepoints or age
groups from data sources not used in fitting are used
to cross-validate model predictions. This includes HIV
prevalence [26, 35, 44—48], recent (last 6 months) experi-
ence of SV and PAA in older FSWs (not used to fit, given
the different interview method and sampling frame)
[21-23], condom use in younger and older FSWs [21-23,
26, 29, 49], and ART coverage [23, 35] (Additional File 2:
Tables S5-8).

Apart from the client ART coverage and client HIV
prevalence which are based on national estimates from
DHS surveys, KenPHIA, and UNAIDS (Additional File
2:Tables S5-6) [24, 50, 51], all other cross-validation
data is specific to Mombasa. Finally, we cross-validate
model prevalence estimates of different combinations of
types of violence against data from the Transitions Study
to validate our assumption that each type of violence is
independent.

Model plan of analysis
Using the baseline parameter set, we conduct three main
analyses.

Incidence of violence among FSW

For each type of violence, we estimate the incidence of
violence (in person-years) for women who have never
experienced violence (“first violence”), and in only FSW
who have experienced violence but not recently (“recur-
rent violence”). We also estimate the incidence rate ratio
of recurrent compared to first violence in 2023.

Contribution of violence, mediated through ART and condom
use, to new HIV Infections among FSWs and clients

We estimate the transmission population-attributable
fraction (tPAF) [52, 53], the relative difference in the
cumulative number of new infections over 10 and 40
years (from 2023), between the baseline scenario and a
matched counterfactual scenario where the influence of
a specific violence on certain mediators is removed. We
derive tPAFs for eight scenarios (Table 2A).
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Impact of potential violence interventions on cumulative new
HIV infections
We model two main types of violence interventions,
starting in 2023, addressing (i) future experience (reduc-
ing or stopping violence), through reducing violence
rates, and (ii) additionally mitigating long-term effects
of past violent experience (for example through counsel-
ling or peer support) by also modifying the correspond-
ing risk ratios affecting the mediators. Table 2B shows
the scenarios considered. We consider interventions that
reduce rates or the effects on mediators by X=50% and
X=100%. We assess the impact of interventions address-
ing all violence types or each type separately. For all
violence, we also consider interventions addressing the
influence of all past experiences, recent experiences only,
and non-recent experience only, corresponding to inter-
ventions prioritizing different groups of FSWs. Impact
is measured as the percentage of new infections averted
over 10 and 40 years by the intervention, relative to the
baseline scenario, in FSWs and clients combined.

For all outcomes, we present the median and 95% cred-
ible interval (95% CrI) across fitted runs.

Sensitivity analysis

Using the posterior parameter set, we assess correlations
between each varied parameter and (i) the 10-year tPAF
for the “All violence—all” scenario and (ii) the 10-year
impact of the violence intervention “Int100: all violence—
all mediators; rates” We show scatter plots for all param-
eters with correlation coefficient >0.2.

We finally examine the sensitivity of the results to the
assumption described in the “Causal pathways assump-
tions” section above, regarding how the risk ratios com-
bine when FSWs experience multiple types of violence
(see Additional File 2: Text S8 for details).

Results

Calibration and cross-validation

We identified 57 parameter sets that produced model
runs which fitted the calibration data on HIV prevalence
(Fig. 3A) and ART coverage (Additional File 2: Figure S3)
among FSW and clients and the prevalence of experience
of each type of violence in younger FSW’s (Fig. 3B).

The calibrated model produced predictions of HIV
prevalence, ART coverage, condom use, and prevalence
of experience of violence consistent with the cross-
validation data not used in calibration (Fig. 3A and C,
Additional File 2: Figures S3-7). Importantly, the model
reproduced well the cross-validation estimates of the
prevalence of recent SV and recent PAA in older FSWss,
which, given the lack of setting-specific data for older
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FSWs, were informed by the same violence-related
parameters as younger FSWs (Fig. 3C).

Incidence of violence among FSW

Among FSWs who have never previously experienced
violence, the predicted incidence of first violence in 2023
was highest for PAA (median (95%CrI): 0.20 (0.17-0.22)
per person-year, ppy), about twice that of SV and PV
(0.10 (0.09-0.11), 0.11 (0.09-0.12) ppy, respectively)
(Additional File 2:Figure S8).

The predicted recurrence of violence among FSWs was
extremely common. Recurrent PV was most common
(2.65 (1.82-3.37) ppy) followed by PAA (1.37 (0.94-1.74))
and SV (1.26 (0.80-1.67)). Recurrence of PV, SV, and
PAA were 24.32 (16.07-34.46), 11.69 (7.95-17.43), and
6.79 (4.80-9.30) times more frequent for SV and PAA
respectively than the corresponding incidence of first
violence (results not shown).

Contribution of violence to new HIV infections (tPAFs)

The median tPAF is 35.3% (95%Crl 3.4—-55.8%) of new
HIV infections in FSWs and clients combined over 10
years and 39.7% (4.1-63.3%) over 40 years, from all vio-
lence combined through their effects on both mediators
(Fig. 4). The largest contribution is from the effects of
SV on condom use (median tPAF=34.6% (2.4—55.5%)
over 10 years, increasing to 38.6% (3.0—-63.0%) over 40
years). The tPAFs of PV and PAA are small (medians 0.9%
and 0.4% respectively over 10 years). Although all types
of violence reduced HIV testing through the modelled
causal pathway, the influence of violence on HIV testing
contributes little (median tPAF: 1.0% over 10 years). A
larger fraction of infections is attributable to non-recent
than recent experience of violence (median tPAFs: 22.9%
and 14.9% over 10 years, respectively) given the larger
fraction of FSWs who have non-recent experience of vio-
lence, particularly sexual violence (Fig. 3B and C) and the
persistent negative effect on condom use. Among FSWs
and clients respectively, 27.9% (2.1-47.0%) and 39.8%
(4.1-59.0%) of all new HIV infections could be attrib-
utable to violence over 10 years (Additional File 2: Fig-
ures S12-13). The larger impact on clients is due to the
larger increase in condom use in older FSWs, which have
the higher HIV prevalence (Fig. 3A), than younger FSWs
(Additional File 2: Figure S11).

The small overall tPAF from the effects of violence on
HIV testing is due to the low percentage of FSWs liv-
ing with HIV who are ART-naive (median 15.2% in
2023, Additional File 2: Figure S9) and the small influ-
ence of violence on HIV testing/ART uptake, meaning
that the increase in ART coverage is small (Additional
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Fig. 3 Model calibration results. Panel A shows predicted HIV prevalence trends by population group (line =median, shaded area=95%Crl)
compared to 95%Cl| of empirical estimates (black error bars show data used in calibration, blue error bars show cross-validation data). FSW overall
combines younger and older FSW. Panel B shows predicted prevalence (median as bar and 95%Crl as error bars) of ever and recent experience

of each type of violence in younger FSWs compared to empirical prevalence estimates from Transitions data in 2015 (error bars represent 95%Cl)
used in calibration. Panel C shows predicted prevalence (median as bar and 95%Crl as error bars) of recent experience of PAA and SV in 2015
compared to empirical prevalence estimates from Mombasa polling booth surveys (PBS) in 2014, 2015, and 2017 (error bars represent 95%Cl)

for cross-validation. FSW female sex worker, SV sexual violence, PV physical violence, PAA police assault and arrest, Crl credible interval, Cl confidence

interval

File 2: Figure S10). The increase in condom use in the
absence of effects from violence compared to the base-
line scenario is conversely larger (Additional File 2: Fig-
ure S11). Additionally, increasing ART coverage among

FSWs only directly benefits clients (also contributing to
the larger tPAF in clients than FSWs, Additional File 2:
Figures S12-13).
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Fig. 4 Contribution of violence to HIV transmission: transmission population-attributable fractions (tPAFs) in female sex workers (FSWs) and clients
combined over 10 and 40 years from 2023. Central lines show median model estimates, boxes show interquartile range, and error bars show 95%

credible intervals. tPAF scenario labels are described in Table 2

Impact of violence interventions

Interventions that prevent 50% and 100% of future expe-
rience of violence (without mitigating effects of past
violence) may only avert a median of 3.9% (95%Crl:
0.3-6.3%) and 8.8% (0.8—14.0%) infections in FSWs and
clients over the next 10 years, respectively, and 7.3% (0.7—
12.6%) and 17.6% (1.8—-29.8%) over 40 years, mainly due
to the reduced rates of SV experience (Fig. 5).

However, interventions that also mitigate 50% or 100%
of the effects of past violence on the mediators could be
more impactful than those that only reduce future expe-
rience of violence, especially in the shorter term, averting
20.2% (1.9-33.2%) and 35.3% (95%Crl 3.4-55.8%) (same
as the 10-year tPAF) over 10 years, respectively. This
is because (as shown in the tPAF analysis) the negative
impact on HIV is mainly due to the effects of non-recent
violence, which are only slowly reduced over time when
only preventing future experiences as it takes time for

the prevalence of non-recent experience of violence to
decline. For example, it takes about 11 years for the prev-
alence of non-recent SV to reduce by half (Additional File
2: Figure S14). Intervention impacts in FSWs and clients
separately are shown in Additional File 2: Figs. 15-16.

As in the tPAF analysis, the impact of only address-
ing PV and PAA is predicted to be small in this setting.
Finally, it is important to note that a 50% effective inter-
vention (reducing future violence by 50% and reducing
the effects of past violence by 50%) is not negligible, with
an impact of around half that of the 100% intervention.

There is substantial uncertainty in both tPAF and
intervention impact estimates (Figs. 4—5). Our sensitiv-
ity analysis suggests that most of the uncertainty in both
estimates is due to the uncertainty in the risk ratio of
condom use from SV experience and the effectiveness
of condoms (Additional File 2: Figure S17-18). However,
neither tPAF nor impact estimates are sensitive to the

Int100: all violence - all mediators; rates - —
Int50: all violence - all mediators; rates - ——
Int100: all violence - no mediators; rates - _EF:_
Int50: all violence - no mediators; rates - _T:E':'_
Int100: all violence - recent mediators; rates E':'_
Int50: all violence - recent mediators; rates - E_
Int100: all violence - non-recent mediators; rates - —
Int50: all violence - non-recent mediators; rates E'_
Int100: SV - all mediators; SV rate A —
Int100: PV - testing; PV rate I.'
Int100: PAA - testing; PAA rate {
0 20 40 60

Infections averted (%)

E 10 year E 40 year

Fig. 5 Impact of violence intervention. Percentage of infections averted in female sex workers (FSWs) and clients combined by different
interventions compared to the baseline scenario over 10 and 40 years from 2023. Unless indicated, the experience of past violence includes
all types of violence. Central lines show median model estimates, boxes show interquartile range, and error bars show 95% credible intervals.

Intervention scenarios are described fully in Table 2
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assumption regarding how the risk ratios combine when
FSWs experience multiple forms of violence (Additional
File 2: Figures S19-20).

Discussion

In this study, we carried out and described a math-
ematical modelling analysis that examined the effects of
violence against FSWs by clients, police, and other perpe-
trators on HIV transmission among FSWs in Mombasa,
Kenya, following the recent recommendations of [19]
on modelling structural factors for HIV. In this setting,
violence is extremely common. Each year, an estimated
20% of FSWs experience police assault and arrest (PAA)
for the first time, while 10% experience physical violence
(PV) and sexual violence (SV). Moreover, once a FSW
has experienced a type of violence, they are 7-24 times
more likely to experience it again, on average once (SV
and PAA) or over twice (PV) a year.

In this setting, lifetime experience of SV contributes
the most to the HIV epidemic among FSWs and their cli-
ents, mainly through its impact on condom use. Over a
third of new infections in FSWs and clients over the next
10 years may be due to lifetime SV, albeit with consider-
able uncertainty in estimates. The effects of PV and PAA
are negligible in this setting (tPAF=1% over 10 years).

Our analysis revealed that structural interventions that
only tackle future experience of violence will likely have
a moderate effect, at least in the short to medium term.
Indeed, completely preventing future violence would only
avert a tenth of future infections among FSWs and clients
given the slow decline over time of the prevalence of life-
time violence. Our results highlight that to be fully and
more rapidly impactful, interventions should also seek to
mitigate the associated persistent negative effects result-
ing from experiencing violence in a lifetime. For example,
in Kenya, the registration process for new FSWs enroll-
ing in programs has been modified [54] to ask about past
experiences of violence, with additional counselling and
psycho-social support services [55] as well as more fre-
quent follow-up for all FSWs with past experience of vio-
lence, whether recent or not.

A recent systematic review of gender-based violence
among key populations found no empirical studies
assessing the impact of FSW violence interventions on
HIV prevalence or other biological endpoints [56], while
there are only four studies using dynamical modelling to
evaluating the impact of structural factors among FSWs
[19]. For example, Decker et al. [57] estimated that reduc-
ing the prevalence of violence among FSWs in Kenya
from 32 to 2% would reduce HIV incidence among FSWs
by a quarter over 2011-2016. Wirtz et al. estimated that
scaling up community empowerment interventions may
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reduce cumulative HIV infections among FSWs in Kenya
by 12% over 2011-2016 [58]. Vassall et al. showed that,
as part of a large-scale HIV intervention among FSWs in
India, the community mobilization and empowerment
component including violence reduction contributed
31-39% of the total estimated intervention impact during
the period 2004—2011 [59]. Finally, Shannon et al., which
were the only modelling study to dynamically simulate
exposure to violence, estimated that eliminating sexual
violence in Kenya, including negative effects of recent
past experience, would avert 17% of HIV infections in
FSWs and clients over 10 years [6].

Our results should be interpreted in light of certain
considerations. First, modelling the impact of structural
factors on infectious diseases such as HIV is challenging,
partly due to data gaps [19, 60]. In this study, the esti-
mates of the experience of violence and its influence on
the mediators in the causal pathway were based on data
from a cross-sectional study [20], which makes it difficult
to disentangle temporality of the effects of violence on
the mediators and provide weaker evidence than if based
on longitudinal data [19]. Further, our tPAF and interven-
tion impact estimates were very uncertain due to the wide
confidence intervals of the estimates of the association
between violence and the mediators, in particular the
risk ratio for condom non-use from experiencing SV. This
highlights the need for additional estimates of the mag-
nitude of association from longitudinal data to improve
validity and precision. We also assumed that interven-
tions to mitigate the associated persistent negative effects
resulting from experiencing past violence would imme-
diately remove these effects entirely, though evidence
from programs for this is currently lacking, and further
research should aim to better understand the impact of
such interventions among FSWs. Second, we were unable
to derive different estimates of the effects of recent and
non-recent violence on the mediators as this would result
in even wider uncertainty bounds. It is plausible that the
estimated magnitude of association between the long-
term experience of violence and mediators would differ
from those of recent violence. However, given the higher
prevalence of non-recent experience compared to recent
experience, it is unlikely to drastically change our conclu-
sions. Third, in our causal pathway, we looked at how vio-
lence affects HIV testing rather than ART coverage itself.
It is possible that ART uptake is influenced differently by
violence than HIV testing, again emphasizing a data gap.
There is also a lack of data on PrEP use among FSWs, and
the effects of violence on PrEP more broadly, which we
therefore were unable to model. While we were unable to
distinguish perpetrators based on the survey questions,
effects may differ by perpetrator [61]. Studies in other
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settings or focusing on specific FSW typologies, such as
venue-based FSWss, are needed to provide external valid-
ity for the findings in the present study. Finally, the model
only captured violence and HIV transmission, excluding
other consequences such as reduced access to general
health services and adverse mental health outcomes [62,
63].

Our modelling analysis also has several strengths which
are consistent with recent recommendations (Table 3).
We have mechanistically and dynamically represented
exposure to more than one type of structural factor
(i.e., violence) and the associated causal pathways for
HIV transmission through mediators (condom use and
HIV testing) [19]. While the underlying data was cross-
sectional, the use of a local data source ensured that the
same exposure definition was used to empirically esti-
mate the prevalence of the structural factors and their
adjusted effects on mediators, thereby increasing internal
consistency. Importantly, we have successfully calibrated
the model to not only HIV outcomes but also violence
outcomes and cross-validated predictions of the cali-
brated model against multiple additional empirical esti-
mates of outcomes not used at the fitting stage, including
prevalences of the mediators. Finally, representing expo-
sure to the structural factor more granularly (i.e., recent
and non-recent experiences of violence) not only allowed
estimation of the incidence of recurrent episodes of vio-
lence but also an exploration of a wider range of interven-
tions with different mechanisms (e.g., exposure reduction
versus post-exposure counselling).

Conclusions

This study shows the frequent experiences of violence of
female sex workers in Mombasa, Kenya, and the particu-
lar contribution of sexual violence to the HIV epidemic
in this setting, highlighting the work needed to meet
the goals of reducing violence in key populations and
its impact on HIV [12]. Our work also emphasizes that
interventions that only reduce future experience of vio-
lence without mitigating the persistent negative effects
of past experience of violence on FSWs will not have the
greatest impact. However, given the wide uncertainty of
model predictions, our analysis also highlights key data
gaps, particularly around the importance of improving
estimates of the effects of sexual violence on mediators.
More generally, there is a need for longitudinal studies
and more formal mediation causal pathway analysis to
strengthen the evidence of the role of structural factors
on HIV transmission. Modelling of structural factors on
infectious diseases is in its infancy. However, we found
that the recent set of recommendations for modelling
structural factors are useful to help describe the model
and to highlight strengths, weaknesses, and data gaps.

Page 150f 17

Abbreviations

95%Cl  95% Confidence interval
95%Crl 95% Credible interval
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