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Yaoundé model structure

This section is adapted from the supplementary material for Silhol et al. (JIAS 2021%)

We adapted? and re-coded a dynamic HIV transmission model to reproduce the HIV epidemic in Yaoundé,
Cameroon. The model was used to evaluate the population-level impact of condom use and antiretroviral
treatment (ART) and the contribution of female sex workers (FSW), clients of FSW (referred to as clients
hereafter) and men who have sex with men (MSM) to onward transmissions. The model divides the adult
population (age 15-49 years) into six risk groups: lower-risk females (i = 1) and males (i = 2), clients (i = 3),
FSW (i = 4), younger MSM (< 25 years, i = 5) and older MSM (= 25 years, i = 6) (Figure S1a). Lower-risk
individuals refers to men who have never engaged in sex with other men, and to men and women who are not
engaged in commercial sex. Lower-risk individuals may include individuals who used to engage in commercial
sex.

Individuals enter the modelled population at a rate @ that balances non-HIV deaths and reflects population
growth G, with a proportion p (50%) entering into the lower-risk female group and the remainder (1 — p)
entering the lower-risk male group. Lower-risk females enter sex work (i.e. enter the FSW strata) at a rate x and
stay as FSW for duration 1/y years (Table S1). Similarly, male clients transition from the lower-risk male group
at rate k and remain as clients for a period of 1/g years before returning to the lower-risk male group. The
model assumes that a fraction M of males entering the model are younger MSM, that only a fraction Z of
younger MSM have sex with another male partners, and they move from the younger to the older MSM risk
group at a rate ¢ = 1/10, where they remain until death.

The model captures HIV transmission among all modelled risk groups through vaginal and anal sexual
intercourse (VI and Al, respectively) between all males and females, and Al within the MSM group (Figure
Sla). The model stratifies the population with respect to HIV infection and disease progression such that for
each group i, there is uninfected (S;), acute infection (E;), chronic infection (I;) and on ART (T;), with i =
1,2...6. Upon infection, susceptible individuals move to the acute stage of HIV infection and stay there for a
duration of 1/n before progressing to the chronic stage (Figure S1b). In the chronic stage, people living with
HIV (PLHIV) can experience HIV-related mortality at a rate §, or are recruited onto ART at a (group- and time-
dependent) rate w; ;. A fraction e, of PLHIV on ART are virally suppressed, with a, being assumed to be fixed
to the 2017 CAMPHIA estimate over 1996-2020%, and assumed to increase from 2020 to 90% in 2030. HIV-
related mortality among the fraction a; of PLHIV on ART which are virally suppressed is reduced by a factor ¢
compared to untreated or unsuppressed PLHIV. Individuals on ART can be lost to follow-up at a rate o,
whereupon they return to the chronic infection stage. All modelled risk groups experience non-HIV related
death or reach the age of 50 years and leave the model at rates p,, u, and p; for females, all males except older
MSM, and older MSM, respectively.

The model incorporates HIV transmission in the context of the following partnership types: main between men
and women (k=1), casual between men and women (k=2) and commercial sex between FSW and clients only
(k=3); and main between MSM (k=4), and casual between MSM (k=5) (Figure S1a). Commercial partnerships
can only occur between FSW and their clients. The risk of HIV transmission for a particular individual is related
to the HIV prevalence of their sexual partners, with the HIV transmission risk being elevated by a factor v if
they are in the acute stage of infection compared to the transmission risk for the chronic stage, and reduced to 0
if they are virally suppressed (we assume that PLHIV on ART but not virally suppressed have the same
transmissibility and mortality as untreated PLHIV). Transmission risk is also related to the average frequency of
sex acts (denoted by ¥; j,hk) for different types of partnerships and between risk groups i and j (with ¥; j}h" =



le‘l-‘h" to ensure they balance), where k denotes the type of sexual partner (main, casual or commercial) and h
denotes the type of sexual act (VI or Al). HIV transmission is reduced through condom use by a factor

(1 - en{‘jh), where ¢ is the per-act efficacy of condom use and n{‘jh is the fraction of condom use by those in
risk groups i and j (with n{‘jh = n}‘ih to ensure they balance). The fraction of condom use is assumed to be time
dependent and varies depending on the type of partnership, and accounts for possible over-reporting, up to 25%
(Table S2). The model assumes a proportion ¢ of males are circumcised, with these males having a reduced risk
of HIV acquisition, modelled by a factor (1-&9), where 9 is the per-partner efficacy of circumcision. More
details on the model and its equations are described below.
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Figure S1. Yaoundé model structure. a) Modelled population structure, population flows (blue arrows),
mortality and ageing (green arrows) and sexual partnerships (main/casual: red lines, commercial: orange lines)
between the different risk groups. b) Natural history of HIV infection. The model assumes that a proportion a;
of treated PLHIV are virally suppressed.



Yaoundé model equations

The model equations are as follows:

Lower-risk female group:
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Lower-risk male group:
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Client risk group:

d53 1 2 3

E = ZSZ - (A3 + A3 + A3)53 - (g + nu2)53

dE, =3 1 2

Tt = (A} + A%+ A3)S; + zE, — (9 + 1 + up)E;
E:nE3+O-T3 +ZIZ_(g+w+5+,u2)I3

2 =@kt = (gt o+ (ap+ (1-a)d+p)Ts
FSW risk group:

dar KSy — (N} + Af + A3)S, — (v + 11)Ss

dE 4 1 2 3

2 = Pat A+ ADS, HrE = (v + 0+ ),
dl,

E=71E4+0T4+1c11—(]/+w+6+ul)14

arT,

d—:=wI4+KT1—(]/+0'+(0((p+(1—0())6+;11)T4

Younger MSM risk group:
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Older MSM risk group:

das
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The terms A¥ correspond to the rate at which susceptible individuals of risk group i acquire HIV within sexual
partnerships of type k, and are calculated as follows:

Force of infection

The parameters B, , Bra» Biv » Biq tepresent the HIV acquisition probability per sex act through
receptive/insertive VI/Al respectively. The frequency of sex partners of type k for risk group i is given by n¥.
The terms WX and Wk are the total number of vaginal and anal sex acts for the risk group i with a partner type k.
The term B; reflects the HIV prevalence of the group they are having sex with, which also accounts for the
cofactors that increase or decrease HIV transmission risk due to the HIV acute phase E; (v), or if on HIV
treatment but not virally suppressed (1 — @;)T;, such that B; = (vE; + [; + (1 — a;)T;)/N;, where N; is the
total population for each risk group j.

Let pj-‘ be the probability of heterosexual mixing of a risk group with group j for each type of sexual partnership
k (main or casual partnerships), and j=1, 2, 3, 4, 5, and 6 denotes the risk groups of lower-risk female, lower-
risk male, clients, FSW, younger and older MSM respectively. The subscripts v and a denote VI and Al,
respectively, then the force of infection (FOI) A¥ for risk group i due to their k partnership with groups j are:

The probability of mixing with different risk groups j for heterosexual partnership type k, where j=1..6 , is pJI-‘
where:

Probability of mixing with lower-risk females for X nkN,
heterosexual main and casual partnerships Pr = nkN, + nkN,
Probability of mixing with lower-risk males for X nkN,
heterosexual main and casual partnerships P2 = nkN, + nkNy + nkNg + nkN,
Probability of mixing with clients of FSW for X nkN,
heterosexual main and casual partnerships P3 = nkN, + nkN; + n¥Ng + nk N,
Probability of mixing with FSW for heterosexual main . nkN,

and casual partnerships Ps = n*N, + nkN,
Probability of mixing with younger MSM for k n¥Ng
heterosexual main and casual partnerships Ps = nkN, + nkNy + nkNg + nkN,
Probability of mixing with older MSM for heterosexual k nENg

main and casual partnerships Pe = nkN, + nkN; + n¥Ng + nk N,

These mixing equations assume that all sexual mixing for casual and main partnerships is proportionate based
on the total number of sexual partnerships that each risk group provides.



For females, we allow the sexual behaviour of males with females to determine who the females have sex with
and how many new partners they acquire. Therefore, the total number of new sexual partners of type k that
males have with females in group (i) is:

k k
Pi Z n; N,
1=2,3,5,6

Where we have summed up all male partnerships of type k and seen how many of these will be with women of
risk group i (i=1 or 4). Note, here it is important to emphasise that p¥ is defined in terms of the self-reported
frequency of new partnerships by women, but this is then used to define an adjusted frequency of new sexual
partnerships that will balance the number reported by males. Therefore, if there are N; women in that group then
each woman in the group has the following adjusted frequency of new male sexual partners of type k:

K

Pi

— nk N,
L1=2356

And so, the adjusted number of new partners each woman in risk group i has with men in each group (j) is

1=2,3,5,6

The risk of acquiring HIV from a specific partner risk group within a specific partnership type with a is
modelled as a Bernoulli process, depending on the annual number of vaginal/anal protected/unprotected sex
acts, and the probability of acquiring HIV during one such contact. Therefore, the force of infection (FOI) A for
the lower-risk female group due to their main (k = 1) and casual (k = 2) partners is adapted as follows:
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The FOI for the lower-risk male group due to their main (k = 1) and casual (k = 2) partners is
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The force of infection for clients due to their main, casual (k = 1, 2) and commercial partners (k=3) are given
as:
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Where FAI_, is the proportion of commercial sex acts that are anal. As there was no information about the
annual number of sex acts per client, we assumed that the total annual number of clients of sex workers
corresponded to the total annual number of commercial sex acts that they reported.

Similarly, the FOI for female sex workers is
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Men who have sex with men are assumed to have main and casual partnerships with women from the lower risk

and FSW risk groups, as well as other MSM. The FOI for younger MSM due to their main and casual (k = 1,2)
partnerships with females is:
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For MSM sexual intercourse with their male sexual partners, we assume that the per-act risk of HIV acquisition
during sex between males was the average between the risk during insertive and receptive anal sex (ﬁi“;ﬁ).

The asterisk (*) show parameters related to MSM with their male partners. Then, the FOI for younger MSM due
to their main and casual (k = 4,5) partnerships with other MSM is:

wk l—nk-* q’k*"k'*
ﬁia + ﬁra M ﬁia + ﬁra el

k —k
e s = (R L P ¥

NS =S —g0) D 1 - |1 - 2
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Where p¥,is the probability of mixing to form MSM male sexual partnerships with younger or older MSM, and
is giVen by pé(* = (nIS(*NS(l - Z))/((nISC*NS(l - Z)) + n’g*NG) and pg* = nlg*N6/((nIS{*N5(1 - Z)) + nlg*Né)’
with (1 — Z) being the fraction of younger MSM that has sex with other males.

Similarly, the FOI for older MSM due to their female main and casual (k = 1, 2) partners
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And due to their main and casual (k = 4,5) partnerships with other MSM
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Yaoundé model parameterisation and fitting

The Yaoundé model was coded in C programming language, numerically solved using a Runge-Kutta four
method,* and fitted using the importance resampling method 56 which accounts for uncertainties in parameters
and fitting outcome estimates: First, we defined the prior ranges of demographic, sexual behaviour,
epidemiological and intervention parameter values and 40 fitting outcomes (Table S3), mostly from Yaoundé or,
if unavailable, from other Cameroonian studies (Tables S1, S2). Second, we sampled 20 million parameter
combinations and retained those (n=20744) which produced epidemics compatible with 40 conservative pre-
specified targets for each fitting outcome (i.e. 2.5 time the bounds of the 95%CI of each data point, except for
UNAIDS ART coverage and KP size estimates, see Table S3) (referred to as the 1% level sample). Third, each
parameter set in the 1% level sample was attributed an overall log-likelihood by summing the log-likelihood of
the predicted value of each of the 23 fitting outcomes for which a sample size was available (out of the 40
outcomes). Finally, we generated a set of 1000 posterior simulations, our baseline scenario, by resampling the
pool of 20744 parameter sets in our 1% level sampling, with resampling probability proportional to the overall
likelihood of each fitted parameter set. Model outcomes are expressed using their median and 95% uncertainty
interval (Ul, 2.5th and 97.5th percentiles across the 1000 posterior simulations).

Yaoundé model parameters (Tables S1, S2)

Overview



Several data sources informed model parameters (Tables S1, S2) and our 40 calibration targets (Table S3).

Most Yaoundé model parameters were sourced from demographic, sexual behaviour and HIV prevalence data
from the Census and United Nations Population Division, several Demographic Health Surveys (DHS) (1997,
2004, 2011, 2018),7* and the 4-city study.>* The sexual behaviours and levels of HIV interventions among
KPs were based on surveys conducted in the city, including a recent Integrated Biological and Behavioral
Surveillance Survey (IBBS, 2016) conducted among FSW and MSM, and a study conducted among clients in
2017.1516 The Yaoundé model was fitted to 40 empirical demographic, HIV prevalence and intervention
coverage data points including: total population size, HIV prevalence among all 15-49 years old females and
males”81718 HIV prevalence among FSW,121517.19-23 thejr clients,'® and among MSM.>2425 The model was also
fitted to national UNAIDS estimates of ART coverage by gender, and recent estimates of viral suppression
among PLHIV by gender,® and for KPs.!516

Demography and population structure

Data from the Census and United Nations Population Division informed the demographic parameters and fitting
outcomes (e.g. population growth rate, population size, non-AlIDS related mortality (as life expectancy at age 15
years)).2-28 Prior distributions of the FSW and client recruitment rates x and k were fixed over time but varied
across simulations and sampled assuming wide uniform ranges, as no data was available. The duration of sex
work (for FSW) and buying sex (for clients) 1/y and 1/g were also fixed over time but varied across
simulations, and were informed by several studies reporting relatively similar durations of 4-10 years for
FSW,152329.30 ywhereas only one recent (2017) estimate was available for clients'® reporting 4-14 years as
duration of buying sex. These rates and durations were fitted to empirical estimates of KP population sizes
(described in the fitting section). The proportion of MSM among newly sexually active males (M) was also
sampled using wide conservative ranges and fitted to empirical estimates, while we assumed that up to 50% of
younger MSM don’t have sex with other males (parameter ), based on the reported age at first sex with another
male by Cameroonian MSM (around 19 years) in 3%,

Sexual behaviours

Several Demographic Health Surveys (DHS) (1997, 2004, 2011, 2018)™! and the 4-city household based
study*>4 informed the sexual behaviour of the lower-risk groups in Yaoundé (e.g. number of partners/sex acts,
condom use). The annual number of new main and casual partnerships among the lower-risk groups was
calculated using empirical estimates of the reported lifetime number of partners in the DHS and 4 cities
study.”81433 The annual number of sex acts of the lower-risk groups W;_,_, was taken from the 4-cities study
weekly estimates,®* and the specific number of acts with main and casual partners were calculated on the
proportion of all sex acts with casual partners (20%) in the 1998 DHS.® Clients of FSW in the 2017 “Modes of
transmission” study*® reported around twice as many partners as lower-risk males in the DHS, with 2 main
partners in the last year, and 2 casual partners in the last 3 months, thus we assumed that for clients the number
of new main and casual partners and sex acts per year was between 1.5 and 2.5 fold higher compared to lower-
risk males.

The annual number of new partners and sex acts of FSWs were taken from the 2016 IBBS survey in Yaoundé,®
except for commercial partners, where a wider range was selected from all available estimates for
Yaoundgé.*215223536 Ag ng data was available on the number of sex acts per client, the model assumes that the
number of commercial sex acts of FSW correspond to their number of clients.

The annual number of new partners and sex acts of MSMs were also taken from the 2016 IBBS survey in
Yaoundé.*® As the data did not show significant differences in reported numbers by age, we assumed that age
did not affect sexual activity.

The model assumes that fractions of heterosexual sex acts are anal. The proportion of anal sex acts differed by
risk group and partnership type, but data was only available for commercial acts (4-5% in the 4-cities study)*?
and the sex acts between MSM and their main or casual female partners (in the 2016 IBBS).*® As no data was
available on anal sex among lower-risk groups, we derived their proportion of anal acts by multiplying the
fraction reported by FSW with the relative-risk of lifetime prevalence of anal sex among all females vs higher-
risk females in a review of the practice of anal sex in South Africa (RR between 0.5 and 1).%



Interventions: Male circumcision

Over 90% of males are circumcised in Cameroon’833 (reflected by the parameter &). The per-partner effect of
male circumcision in decreasing HIV acquisition risk among males was (1- &9), with 9 reflecting per-partner
efficacy.®

Interventions: Condom use (Table S2)

The model reflected reported changes in condom-use (reported at last sex) over time among the different risk
groups, and partnership types by assuming linear trends between empirical estimates over time, and accounted
for plausible levels of over reporting® (up to 25%, Figure 1a-c, Tables S1, S2). Our model reflected higher
levels of condom use among KP than lower-risk groups in 2016 and the larger fraction of sex acts protected by
condoms reported by FSW during commercial sex than during non-commercial sex (Figure 1b), while MSM
reported similar levels of condom use with male and female partners.'® Condom use between key and lower-risk
populations was assumed to be at the level reported by key populations. We assumed that levels of condom use
over the period 2019-2030 remained at the 2018 levels. Condom reduced the per-act probability of transmission
by 71-98%,%-42 with the parameter & reflecting per-act efficacy.

Interventions: ART/Viral suppression

The model represented a rate of initiating ART w; . which varied over time and across risk groups.** These
were calculated using a “base” initiation rate among lower-risk females over 2010-2013 (when eligibility was
CD4<350) w;=1 t=2010-2013. Multiplied by a set of cofactors reflecting change in initiation rates over time and
across risk groups. The parameters RR-1996-2000 g pL=2000-2007 ' p pt=2007-2010 ppt=2013-2020 anq
RRE52020-2030 reflect relative risks of ART initiation compared to the period 2010-2013, with year cut-offs
corresponding to changes in treatment guidelines in Cameroon. ART initiation rates before 2000 was assumed
to be extremely low (up to non-existent), whereas rates after 2020 were assumed to be constant and up to 5-fold
higher than for the period 2013-2020, in order to reflect the impact of free ART testing and treatment in
Cameroon from January 2020 . The parameters RR.273, RRIS*, RRL757° reflect relative risks of ART
initiation among the risk groups compared to lower-risk females.

Around 80% of PLHIV on ART were virally suppressed in Cameroon in 2017,% with no estimates prior to this
date. The model assumed that a constant proportion a, ranging from 75% to 85% of PLHIV on ART are virally
suppressed until 2020, this proportion linearly increasing to 90% in 2030. Viral suppression was associated with
a decrease in HIV mortality by a factor (1-¢), based on trends in the mortality rates of PLHIV before and after
the introduction of ART in sub-Saharan settings.*® Viral suppression was assumed to fully prevent HIV
transmission to partners.*® The “base” ART initiation rate and all cofactors were sampled using wide prior
ranges, and fitted to ART coverage by sex, as well as viral suppression coverages by risk group (see Table S3
and model fitting section).

Empirical estimates of ART failure or drop-out in Yaoundé only described the first year of
initiation(corresponding to only around 60% retention over one year).4-*® We assumed a relatively high drop-
out rate o of 10% given these relatively low retention estimates of the first year of initiation.

Yaoundé model fitting outcomes

The Table S3 describes each outcome — including their prior targets and sample sizes — used to calculate each
simulation overall log-likelihood.

The size of the overall population aged 15-49 years in Yaoundé was fitted to a World Bank estimate based on
Census data for 2015, which was previously used to estimate the size of the FSW and MSM risk groups in
Yaoundé in the 2016 IBBS (Figure S2a).

The fraction of FSW among females in 2016 was obtained using the minimum and maximum estimate from
three recent studies conducted in Yaoundé which all reported similar point-estimates 526 (Figure S2b). The



fraction of male clients among all males was defined based on several studies conducted in Yaoundé which
reported heterogeneous estimates "°12% (Figure S2c). The fraction of MSM among all males was obtained
minimum and maximum estimate of two studies recently conducted in Yaoundé (Figure S2d).

The HIV prevalence among all females and all males in Yaoundé was fitted to DHS as well as 4-cities study
estimates in 1997, 2004, 2011781718 and cross-validated with the household surveys Cameroon Population-
based HIV Impact Assessment (CAMPHIA)? and DHS!! estimates for 2017 and 2018, respectively (Figure
1a,b).

There was no HIV incidence data available for Yaoundé specifically, but a rough estimate for number of
incident HIV infections in the city was obtained by multiplying the estimated national number of incident
infections occurring in Cameroon over 2009-2018 by UNAIDS (307000 (95%Cl: 268000-345000)) by the
fraction of PLHIV in Cameroon residing in Yaoundé in the 2011 DHS (17.5%), leading to an estimate of 53673
(95%CI: 46854-60316) incident infections over 2009-2018. In comparison, our model estimated that 56363
(95%UI: 462769-68800) incident infections occurred in Yaoundé over the same period (not shown).

The HIV prevalence among FSW in Yaoundé was compared to five local estimates spanning from 1991 to
2016, including a recent IBBS 121517:19-23 (Figure 1d). The model was also fitted to a recent estimate of the HIV
prevalence among male clients of FSW conducted in Yaoundé 6, and cross-validated with HIV prevalence
estimates among males reporting having paid for sex in the past 12 months in the 2004 and 2011 DHS (Figure
1c). The HIV prevalence among younger and older MSM was fitted to two time points in 2011 and 20165242
(Figure 1e,f).

We screened-out simulations which were not compatible with UNAIDS estimates of ART coverage among all
females and all males living with HIV* (Figure S3). Finally, the coverage of viral suppression among all
females and all males living with HIV was compared to recent national CAMPHIA estimates,® whereas the
coverage among each key population was compared to recent local estimates in 2016 for MSM and FSW*®, and
2017 for clients of FSW?® (Figure S4).

Epidemic dynamics in Yaoundé

The results of the 1000 model posterior fits were in good agreement with to the available empirical
demographic, epidemiological and intervention model fitting outcomes (baseline scenario). The model
reproduced HIV prevalence across all groups (Figure 2), although the limited survey data available among
young MSM are more suggestive of a plateau than a decline. The model also reflected data on viral suppression
coverage in each risk group over time (Figure 1d-f) increasing to 42.7% (95%UlI: 39.1-46.9) in 2018 overall,
and ART coverage (Figure S3).

Modelled HIV prevalence peaked around 2003 in lower-risk groups and a few years earlier among KP. Overall
HIV prevalence was predicted to have declined by 37% relatively over 2005-2018, with a larger decline among
FSW and their clients (48% and 44%, respectively). By 2018, the predicted overall HIV prevalence was 4.4%
(3.6-5.1) compared to 4.0% (2.9-5.3), 16.2% (14.1-18.9), and 36.0% (32.2-39.4) among clients, FSW, and
MSM, respectively. Model results suggest that overall HIV incidence rate peaked in 1997, then rapidly declined
(Figure S5).

Table S1: Model parameters for Yaoundé, Cameroon

Model inputs annotated with “” correspond to inputs for which a notation was not needed since not directly used as parameters
in the model nor represented in model equations.

Types of model input / risk group Notation Male Female References and comments




Demography

Annual population growth rate G, 3.1% before 2000 US Census bureau database %’
2.9% after 2000 (national estimates).
Rate at which individuals die from non- Uiy Uy Uz [y Uy National estimate of the life
AIDS mortality or reach the age of 50 years 1 1 1 expectancy at age 15 from 28
in the model. =273%v3  T193 averaged over 1980-2015 are added
+ 1 to rate at which individuals reach
35 the age of 50 years. The rate u; =
ﬁ + % is used for older MSM.
Population Structure
Duration of sex work (for FSW) or buying 1/y,1/g 4-14 4-10 FSW: range based on relatively

for sex (for clients) in years

consistent published

estimates, 19232930

Clients: interquartile range of the
time since first commercial sex in
the 2017 MOT survey.®

FSW and client annual recruitment rates K, k 0.0001-0.06 0.0001- Wide prior range as no data
0.02 available, fitted to population size

estimates (Table S3)

Proportion of MSM among newly sexually M 0.0015- - Fitted to data (Table S3)

active males 0.03%

Proportion of younger MSM that don’t have z 0-50% -- Based on reported age at first sex

sex with another males with another male by MSM (around
19 years) in 3132,

Sexual activity of lower risk groups

Annual number of new main partnerships nit, 0.4-0.7 0.3-0.5 Calculated from reported lifetime
number of partners in the DHS and
4 cities study.”814.33

Total annual number of sex acts Y, 52-104 52-104 Based on 4-cities study weekly
estimates **. This total number is
combined with the proportion of all
sex acts of lower-risk groups which
are with casual partners to define
numbers of sex acts with main and
casual partners ¥;_,_,™ and
Wiiio©

Proportion of all sex acts with casual 20% 20% 1998 DHS®

partnerst

Annual number of new casual partnerships ng_, 0.1-1.6 0.1-1.6 Broad prior range based on the very
heterogeneous number of extra-
partners over the last year reported
by females (0.1) and males (1.6, for
an total of 2.6 partners in the last
year) in the 1998 DHS.®

Sexual activity of clients of FSW

Relative risk of the number of new main and 15-25 -- Triangulated from the 2017 “Modes

casual partners and sex acts per year of of Transmission” clients study 6

clients compared to lower-risk males?t and DHS and 4-cities study
estimates for lower-risk populations

Sexual activity of FSW

Annual number of new main partnerships ny' -- 0.6-0.7 2016 IBBS in Yaoundé.'

Annual number of sex acts with main p,m -- 135-192 2016 IBBS in Yaoundé.'®

partners




Annual number of new casual partnerships ng

No direct estimate.

Range calculated as the product of
the annual number of casual
partners (originally reported over
one month), and the proportion of
these partners that were new
partners. See following two
estimates.

Annual number of casual partnerships¥

9.6-34

2016 IBBS in Yaoundé 5, reported
over a 1-month recall period

Proportion of these casual partnerships that
were newy

8%-100%

No data available. Fraction of all
partnerships over one year that
would have been reported over only
one month,*

Annual number of sex acts with casual y,° - 83-125 2016 IBBS in Yaoundé?®®

partners

Annual number of clients of FSWP n,°° NA 104-1200 Wide range based on multiple
surveys in Yaoundg,1215223536 Ag
no data was available on the
number of acts per client, the model
assumes that the number of
commercial sex acts of FSW
correspond to their number of
clients.

MSM Male Female

partners partners

Annual number of new stable partnerships nt, nh 15-2.2 0.3-2 2016 IBBS 1

Total annual number of sex acts with main ~~ ¥g,™, $;™ 101-135 78-104 2016 IBBS 15

partner

Annual number of new casual partnerships ~ né, , ng 11-18 4-6 2016 IBBS ©®

Total annual number of sex acts with casual ¥, °, 57-114 23-47 2016 IBBS 15

partner P c

Risk ratio of the increase in the number of 1 1 Based on 2016 IBBS®®:

partners and sex acts of older MSM No significant difference in number

compared to younger MSM+ of partners and sex acts over the last
months reported by 18-24 year old
and 25+ year olds MSM.

Heterosexual anal sex

Fraction of all commercial sex acts that are FAI, 4-5% 12

anal

Relative risk of the fraction of sex acts with 0.5-1 Range around the RR of lifetime

main and casual partners that are anal prevalence of anal sex among all

(compared to commercial partners) ¥ females vs higher-risk females
(0.75)%

Fraction of sex acts between MSM and their -- 15-18% 2016 IBBS,® reported as average

main female partners that are anal¥ number of vaginal/anal sex acts in
an average week.

Fraction of sex acts between MSM and their -- 30-47% 2016 IBBS,*® reported as average

female casual partners that are analf

number of vaginal/anal sex acts in
an average week.

HIV acquisition and natural history parameters
Per-act probability of HIV acquisition
(receptive vaginal sex)

BTV

0.0006-0.0063

Combined range from,*! using
pooled estimates from developed
and developing countries.




Relative risk of HIV acquisition during RR_Biv | rv 0.5-1 RR_Biy | rv»= 0.5 in 3 for developed

insertive vaginal sex (vs receptive vaginal countries (0.0004/0.0008), but

sex) around 1 for developing countries
(0.0038/0.0030)

Relative risk of HIV acquisition during RR _Bra|rv 2-10 From?®?

receptive anal sex (vs receptive vaginal sex)

Relative risk of HIV acquisition during RR Big | iv 1-2 Adapted from®2, where the ranges

insertive anal sex (vs insertive vaginal sex) of per act HIV transmission risk
during insertive anal sex are 0.09%-
0.31%, vs 0.01%-0.14%.

Average duration of the HIV acute stage in 1/n 1.2-4.6 53

months

Relative risk of HIV transmission during the v 45-18.8 51

acute stage (vs during the chronic stage)

Average duration of untreated HIV (= 1/ 1/6 14.6 54

HIV-related death rate) in years

HIV interventions

Proportion of males that are circumcised g 94-99% -- 7833

Per-partner efficacy of male circumcision in 9 38-66% - ®

reducing HIV acquisition risk among males

Relative risk of actual condom use at past ] 0.75-1 Conservative assumption based on

sex (vs reported condom use at last sex). studies using biomarkers.>55¢

Per-act condom efficacy in reducing HIV £ 71-98% 40-42

acquisition risk

Proportion of PLHIV on ART virally a; 75-85% over 1996-2020,  Uncertainty around the CAMPHIA

suppressed then linearly increases to  estimate (80.0% of PLHIV on ART

90% in 2030 are virally suppressed)®

Efficacy of viral suppression in reducing 100% 46

HIV transmissibility per sex actf

Relative risk of HIV-related mortality when 1) 0.16-0.42 From 4 (minimum and maximum

virally suppressed compared to not virally impacts of ART on HIV mortality

suppressed across ALPHA sites)

ART initiation rates Wit Calculated using a “base” initiation
rate among lower-risk females over
2010-2013
Wi=1,=2010-2013 (When eligibility
was CD4<350), multiplied by a set
of cofactors reflecting change in
initiation rates over time and across
risk groups (see specific section).

Annual ART drop-out rate o 10% Assumed, as data only described

the first year of initiation,
associated with low retention.47-4°

@Median of 2 main partners in the past 12 months in the (IQR: 1-3) and 2 (IQR: 1-3) casual female partners in the past 3 months, for a total of

13 sex acts a month (twice the numbers reported by lower-risk populations in the 4-cities study).

b Multiple studies where FSW reported more than 1000 partners a year, based on weekly or monthly recall periods, but the median number of
clients in the past week reported by FSW in the 4-cities study in Yaoundé was only 2 (IQR: 0-4),12 and was selected as a lower bound.



Table S2: Condom-use consistency in Yaoundé.
Fraction of sex acts involving the use of condoms (n{‘jh). The model assumes a linear increase between
estimates. The model assumes that condom use is <2% before 1985 for all partnerships.

Year

Empirical estimate

Plausible range

References/comments

assumed
Between lower-risk individuals in a main partnership
1990 1% 1-5% DHS,* reported as “current use” of
condoms as mean of contraception.
1998 6.8% (4.7-9.8) 5-11% DHS,® reported by females
1998 7.6% (5.0-11.0) 5-11% DHS,® reported by males
2011 19% (18-20) 19-37% DHS,’ reported by females
2011 37% (36-38) 19-37% DHS,’ reported by males
Between lower-risk individuals in a casual partnership
1990 1% 1-5% DHS,* reported as “current use” of
condoms as mean of contraception.
1998 2.2% (1.0-4.7) 1-30% DHS,® reported by females
1998 7.6% (3.8-14.8) 1-30% DHS,® reported by males
1998 26% 1-30% 4-cities study,'®%7 reported by females
1998 18% 1-30% 4-cities study,*®%” reported males
2004 54.7% (51-58) 51-74% DHS,%%8 reported by females
2004 69.6% (65-74) 51-74% DHS,%%8 reported by males
2018 50.3% (38.6-61.9) 39-77% DHS,! reported by females
2018 72.3% (66.4-77.4) 39-77% DHS,* reported by males
Between FSW and their main partners
1996 22% (20-24) 15-28% From?, Expanded uncertainty around
estimate for sex with non-clients.
2013 24.5% (21-28) 21-28% Interpreted from®%° (reported as levels
of consistent condom use)
2016 45% (40-50) 40-50% From®®
Between FSW and their casual partners
1996 22% (20-24) 15-28% From?. Expanded uncertainty around
estimate for sex with non-clients.
2016 91% (86-94) 86-94% From®®
Between FSW and their clients
1990 7% (4-12) Used for cross- From®. This early data was used as
validation cross-validation as a study conducted
the same year showed that 20% and
12% of FSW in Yaoundé reported
using condoms “always” and “most of
the time”, respectively®
1997 49% (46-52) 20-55% From®°
1998 28% (23-33) 4-cities study'?
2004 88% (75-95) Used for cross- Reported by male clients®
2011 58% (45-71) validation Reported by male clients’
2009 83% (75-89) 75-89% From?223
2013 84-92% Used as cross- Interpreted from36:5° (reported as levels
validation of consistent condom use)
2016 93% (90-95) 90-98% From?S, for regular clients
2016 97% (95-98) From?S, for casual clients
Between MSM and their male partners
2011 33% (28-37) 28-37% From?®?



2013

2016
2016

70-77%

73% (68-77)
85% (81-88)

Used as cross-
validation
68-78% (main)
81-88% (casual)

Interpreted from 3659

From?®, for main male partners
From?>, for casual male partners

Between MSM and their female partners

2011
2013

2016
2016

50% (43-57)
43-49%

71% (65-76)
84% (78-88)

43-57%
Used as cross-
validation
65-76% (main)
78-88% (casual)

From?®?

Interpreted from3:5° (reported as levels
of consistent condom use)

From?®, for main male partners
From?®®, for casual male partners



Table S3: Fitting data for the Yaoundé model
List of data and the 40 demographic, epidemiological, and intervention fitting outcomes used for model fitting
(Yaoundé)

Year Point estimate  Original 95%ClI Prior Reference
(sample size) constraint

Total population size (aged 15-49 years)

2015 1217440 N.A. 1156568- 15

1278312
Fraction of FSW among all females
19852 and 2016 1.7% N.A. 0.47-3.36%  °"Combination of three studies in
Yaoundg!s26:36

Fraction of male clients among all males
1985% and 2016 NA N.A. 2-20% ¢Adapted from several studies
conducted in Yaoundé”®1233

Fraction of MSM among all males

19852 and 2016 1.05% N.A. 0.51-2.25%  9Combination of two studies in
Yaoundé!®36
HIV prevalence among all females
1997 8.4% (n=942) 6.8-10.3% 4.4-13.2% 3 (4-cities study)
2004 10.7% (n=538) 8.4-13.6% 5.0-25.5% & (DHS) table 16.4
2011 8.8% (n=847) 7.1-10.9% 4.6-14.1% ' (DHS) table 15.4
HIV prevalence among all males
1997 4.4% (n=811) 3.2-6.0% 1.4-84% 1718 (4 cities study)
2004 6.0% (n=550) 4.3-8.3% 1.8-11.8% 8 (DHS) table 16.4
2011 3.6% (n=778) 2.5-5.2% 0.9-7.6% 7 (DHS) table 15.4
HIV prevalence among female sex workers
1991 26.6% (n=262) 21-32% 12.6-40.1% *°
1998 34.0% (n=320) 29.2-39.9% 22-48.8% 12 (4-cities study)
2004 25.7% (n=325) 21.2-30.7% 14.5-38.2% 2! (Grand South region)
2009 33.3% (n=114) 25.3-42.4% 13-55.5% 2
2016 21.1% (n=574) 18-24.6% 13.4-28.9% ®°
HIV prevalence among clients of sex workers
2017 3.0% (n=596) 1.9-4.7% 0.3-7.3% 16
HIV Prevalence among 15-24 years old MSM
2011 36.5% (n=104) 27.9-46.1% 14.5-50.5% %%
2016 39.2% (n=186) 32.5-46.4% 21.5-495% 1°
HIV Prevalence among 25-49 years old MSM
2011 58.8% (n=102) 49.1-67.9% 34.0-725% 4%
2016 54.1% (n=120) 45.2-62.8% 315-675%
ART coverage among all females living with HIV®
2012 26.0% (n=50) NA 16-40% UNAIDS national estimates *°
2013 28.0% (n=100) NA 20-37%
2014 32.0% (n=100) NA 24-42%
2015 37.0% (n=100) NA 28-47%
2016 45.0% (n=100) NA 36-55%
2017 56.0% (n=100) NA 46-65%
ART coverage among all males living with HIV®
2012 21.0% (n=50) NA 12-34% UNAIDS national estimates *°
2013 22.0% (n=100) NA 15-31%
2014 24.0% (n=100) NA 17-33%
2015 28.0% (n=100) NA 20-37%
2016 34.0% (n=100) NA 25-44%
2017 42.0% (n=100) NA 33-52%

Viral suppression coverage among all females living with HIV
2017 42% 33-52% 19.5-67% 3




Viral suppression coverage among all males living with HIV

2017 38%" 29-48% 15.5-63% 3
Viral suppression coverage among clients of FSW living with HIV

2017 35% (n=17) 17-58% 0-93% 16
Viral suppression coverage among FSW living with HIV

2016 69% (n=133) 61-76% 49-86.5% 15
Viral suppression coverage among MSM living with HIV

2016 33% (n=138) 26-41% 15.5-53% 15

@Upper bounds of Key population size fitting targets in 1985 were increased by 2 percentage points to reflect uncertainty in size

estimates in the early days of the epidemic

bCombined three studies to create a plausible range (point estimate= average point estimate, upper bound = maximum observed, lower
bound = minimum observed), with 2016 IBBS *5: 1.27% (0.99 - 1.65), 2013 R2P 36: 1.88% (1.15-2.61), 2015. WorldBank 25: 1.91%

(0.47-3.36). A sample size of n=200 was assumed for this proportion in 2016.

CEmpirical estimates up to 24.7% in the 1998 DHS (fraction of males reporting having sex in exchange for money, favours or goods in

the past 12 months °.

dCombined three studies to create a plausible range (point estimate= average point estimate, upper bound = maximum observed, lower
bound = minimum observed), with 2016 IBBS*®: 0.71% (0.59 - 0.86), 2013 R2P36: 1.38% (0.51 - 2.25). A sample size of n=200 was

assumed for this proportion in 2016.
eSample sizes not available for UNAIDS estimates, and were assumed
A sample size of n=100 was assumed for the likelihood calculation



Yaoundé model fits
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Figure S2. Model fits to sociodemographic outcomes in Yaoundé, Cameroon: a) total 15-49 year-old population
size, fractions of b) FSWs among all females, ¢) Clients among all males, d) MSM among all males. Blue
shades represent model outcomes 95%UI over 1980-2025. Red dots and intervals are outcomes used for fitting
and represent estimates from Cameroon census bureau from a), and empirical estimates for key population sizes
described in table S1. Light grey dots represent empirical estimates described in Table S3 which were used to
derive the fitting outcomes.



(a) all 15-49 years old females (b) all 15-49 years old males (c) 15-49 years old clients
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Figure S3. Trends in empirical and modelled HIV prevalence among a) all 15-49 years old females, b) all 15-49
years old males, c) all 15-49 years old clients of FSW, d) all 15-49 years old FSW, and all MSM aged e) 15-24
years and f) 25-49 years over 1980-2025 in Yaoundé, Cameroon. Red squares and interval represent empirical
estimates use for model fitting (Table S2), while blue shade represent model 95% uncertainty interval. Grey
squares and intervals reflect estimates only used for comparison.37:81161
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Figure S4. Proportion of sex acts protected by condoms for a) MSM with their male (red) and female (blue)
partners, b) FSW and their commercial (red) and non-commercial (blue) partners, ¢) lower-risk individuals with
their main (blue) and casual (red) partners. Condom-use data is described in Table S2.
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Figure S5. Empirical (UNAIDS national estimates for Cameroon) and posterior simulated ART coverage
among all HIVV+ a) females and b) males over 1980-2025. Blue shades represent model outcomes 95%Ul, while
red dots and intervals represent UNAIDS estimates.
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Figure S6. Empirical and simulated levels of viral suppression coverages among a) all females, b) all males, c)
FSW, d) clients of FSW, e) all MSM, living with HIV over 1980-2025 in Yaoundé, Cameroon. Blue shades
represent model outcomes 95%UlI, while red dots and intervals represent empirical estimates from CAMPHIA
for all females and males,® MOT survey among clients,'® IBBS 2016 among FSW and MSM.®



Cotonou model structure

This section is adapted from the supplementary material for Geidelberg et al. (JAIDS 2021 %)
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Figure S7. Recruitment, movement and sexual mixing between groups, represented by green, black and blue
lines respectively. Groups within the dashed rectangles form the sexual transmission network of Grand Cotonou.
E; represents the numbers of HIV- individuals in group i recruited to the model (Equation 2a); P, represents the
number of HIV+ professional FSW recruited (Equation 2b). Commercial partnerships are only formed between
professional and part-time FSW and clients. NYSA = not yet sexually active. FSW = female sex worker.
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Cotonou model description

We developed a deterministic model of sexual HIV transmission and HIV interventions (ART, condom use) in
the heterosexual adult population of Grand Cotonou (abbreviated GC; comprising Cotonou Centrale, Abomey-
Calavi and Seme-Kpaodji). The model represents an open and growing population aged 15-59 years old,
stratified in 9 risk groups (subscript i): 2 types of active female sex workers (professional, part-time), their male
clients, 2 types of former FSWs (those who remain and those who leave GC), low-risk women and men, not yet
sexually active (NYSA) women and men.

New susceptible individuals can join the population at time varying rates that reflect changes in the total
population size of Cotonou. They are distributed between six risk groups (NYSA women & men, low-risk
women & men and professional & low-level FSWs) according to relative population sizes. E; represents the
number of new susceptible recruits joining the population in each group i. NYSA women and men enter the
sexually active but susceptible low-risk population at per capita rates u, and ug determined by the average age
at sexual debut, respectively. Professional and part-time FSWs are recruited directly from the low-risk women
population of GC at low-risk population HIV prevalence at per capita rates v, ; and v, 3, respectively, or from
outside of GC (from both inside and outside Benin) at rates E; and E, respectively, reflecting HIV prevalence of
neighbouring countries at time t. Professional and part-time FSW cease sex work and join the former FSW
categories at rates u; and u,, reflecting duration in sex work, respectively; the factor ps,,.;4, determines the
fraction that leaves GC upon ceasing sex work. Low-risk population males become clients at a per capita rate u,
and return at per capita rate us, reflecting duration of paying for sex. Individuals leave the modelled population
due to aging, HIV-related and unrelated mortality. Movement between groups applies equally to all care states
and stages of infection.

Apart from a fraction of professional FSW, all individuals enter the population in the susceptible category (S;).
Professional FSWs can retire from sex work and move to the former FSW groups inside or outside GC.
Sexually active susceptible individuals are assumed to get infected at a per capita force of infection A7 that
depends on their number and type of sexual partners, HIV prevalence among partners, sexual mixing patterns
between risk groups, the fraction of sex acts effectively protected by condoms, the partner's infectiousness (i.e.,
varying by disease stage, ART treatment). The protective effect of male circumcision on HIV acquisition risk
was captured in the per-act HIV transmission probability since more than 99% of men in GC are
circumcised.®%%* Only vaginal sex was modelled, as the available data suggested no meaningful frequency of
oral or anal sex.®*® Infected individuals are represented in the model as I;**, for risk group i, care state r and

stage of infection s.

Following infection, the model represents the course of disease progression stratified by CD4 cell count levels
and different levels of engagement in the care and treatment cascade. Untreated undiagnosed HIV-positive
individuals progress through a short highly infectious primary infection followed by 4 longer disease stages
defined based on CD4 cell counts, at rates y™* that reflect care status (r) and stage of infection (s). Individuals in
infected stages CD4 350-500, CD4 200-349 and CD4 <200 (s = 3, 4, 5 respectively) die at AIDS mortality rate
a’s,

All undiagnosed individuals in these 5 stages are tested for HIV at a per capita rate 7;°, depending on group i,
care status r and stage of infection s, moving to the diagnosed off ART category, who experience the same
disease progression as undiagnosed individuals.

Diagnosed individuals initiate treatment at a per capita rate p; that depends on group i, calendar year (due to
changes in eligibility criteria) and stage of infection s. Compared to those not on ART, treated individuals have
slower rates of disease progression and reduced HIV-related mortality, represented by factors prog gy and
mort,gr respectively. Finally, some individuals may experience a therapeutic failure or discontinue ART, at
rate ¢*, in which case the disease follows its natural progression unless these individuals re-initiate treatment at
rate ¢.

Individuals leave the population at per capita rates v, u™ and a™, which represent aging, background and
AIDS-related mortalities, respectively. The full system of ODEs is presented in Section 2.



HIV was seeded at the initial prevalence m;, and the system of ODEs was solved numerically from 1986 — 2035
using the Isoda algorithm (Petzhold and Hindmarsh) with a variable time step.”” The model was coded in R,
using “odin”,”® a wrapper around the deSolve package for solving ordinary differential equations.™

Cotonou model equations

S2a: Ordinary differential equations (ODESs)
Figure S2 shows the care state r and stage of infection s categories for each group i. S/ and I** represent
susceptible and infected individuals respectively.

Testing/ART care-state (r):

Undiagnosed
Diagnosed, off ART
Diagnosed, on ART
ART dropout

o

Stage of infection (s):

Primary phase

CD4 >500 cells/ul
CD4 350-500 cells/pl
CD4 200-349 cells/pl
CD4 <200 cells/ul

aprwdn PR

i=8r=4 s=5

N =)y (sm + Zh”(ﬂ) 1

i=1r=1 s=1

N(t) is the total population of GC at time t; and S; (t) and I]*(t) are the susceptible and infected populations
respectively, of group i, care state r and disease state s. Note that N(t) does not include former FSWs outside of
GC (i=9).

The following equations describe the recruitment of new individuals (E (t)) into the population. Due to the
population growth of GC, new people are added to the population every timestep dependent on the growth rate

e(t).

Ei(t) =(e(®) + w; +v) N(t) w;, i#1 2a

Where E (t) is the number of new susceptible people entering the sexually active population into group i; e(t) is
the total population growth rate; y; is the natural mortality rate; v is the rate of exit due to ageing; N(t) is the
total population size at time t as defined in Equation 1; w; is the proportion of new people distributed into group
i.

Professional FSW

For the numbers of professional FSWSs to be maintained, they have an extra term to account for those who retire
from sex work and leave Grand Cotonou. Additionally, professional FSWs enter the model at a prevalence of
the neighbouring countries to Benin (Nigeria, Togo and Ghana) at time t:

1
Fi(t) = (e() + p; +v) N(t) w; + ———* Nppsw (t) * fraceswroreign, i=1 obi
dutppsw

E;(t) = F;(t) * (1 - prevFSWforeign(t)), i=1 2bii



Pi(t) = Fi() * prevesw o, p:0m (0, i=1 2biii
Fi(£) =0, t#1 2biv

P(t) =0, i#1 2bv

Where F;(t) is the total number of new individuals in group i entering the model at time t, E;(t) is the number
of susceptible individuals in group i entering the model at time t, P;(t) is the number of infected individuals in
group i entering the model at time t, durpggy is the duration of sex work for professional FSWs, Npggy, (t) is
the number of professional FSW at time t, fracgsw roreign iS the fraction of FSW that are foreign-born and

PTeVESW foyeign (t) is the prevalence of FSWs in neighbouring countries.

Susceptible:

Susceptible:

ds;(t)

== B -S5O D (2©) +u+v |+ 70 3

J

Where E (t) is the number of new susceptible people entering the sexually active population into group i as
described in Equation 2; where y; is the background mortality rate of group i; A;;(t) is the force of infection
from group j to group i; v is the rate of exit due to ageing; T/*° is the sum of the movement of people to and from
group i.

Undiagnosed
Primary infection

As detailed in Equation 2biii, the number of new infected professional FSWs entering the model depends on a
changing prevalence in neighbouring countries over time (P;(t) = F;(t) * prevFSWforeign(t) for i=1). There are
no infected individuals entering the model from any other group (P;(t) = 0 for i#1). The infected professional
FSWs entering the model are divided into the 5 stages of infection in the undiagnosed care state, proportional to
the relative duration of each disease state (d°).

dlic’it(t) =d' P;(t) + S;(t) Z (Aij(t)) — IO (P 4 TP + (0 + i+ v) + TN
j

Where y”* is disease progression from care state r and disease stage s; 7{°(t) is testing rate; a; is mortality
from AIDS in care state r.



CD4 > 500 undiagnosed

dI;*(t)
dt

=d?P () + y M IO - PO + 120 + 0O + i +v) + T (D) 11
CD4 350 - 500 undiagnosed

di>(t)
dt

=d®P(t) +y IO - P OO0 + 170 + i) + o g +v) + T () 12
CD4 200 - 349 undiagnosed

di*(t)
dt

=d*P,(t) +y P I - OO0 + 1) + i) + ot g +v) + T 13
CD4 < 200 undiagnosed

dI*(t)

= d® Pi(t) + Yy 14 — 1P ) (772 (@) + () + a® + g +v) + T () 14

Diagnosed infection, not on ART:

CD4 > 500 diagnosed, off ART
dIizy2 (t) 1,1 1,2 2,2 )
— = (O +m©) 17O + (77O + i) P20 =[O0 + pHE) + 6i(0) + i +v)
+ TiZ,Z(t)

Where p;(t) is rate of ART uptake in group i, disease state s.

CD4 350 - 500 diagnosed, off ART

di??(t) ,
—g TP+ (O n0) PO -IPOCE OO el uty)
+ T3 (1)
CD4 200 - 349 diagnosed, off ART
dliz"l'(t) _.,23 7123 1,4 1,4 2,4 2,4 4 2 2,4
—o =y IO + (O @) 1O ~ FAOG +pHO + i + aft + i+ ) -

+ 7-}2,4(t)

CD4 < 200 diagnosed, off ART

dIz°(t)

S =V O+ (7O @) 5 ~ RO (0P + (0 + @i+ V) H IO 18



Diagnosed infection, on ART:

CD4 >500 diagnosed, on ART

dI>?(t)

T = PEO+ b PO + O — PO + 0f (O + wi+ V) + T (1) 19

Where ¢f (t) is rate of ART re-initialisation in group i, disease state s; ¢; is rate of ART dropout.

CD4 350 - 500 diagnosed, on ART

dI>?(t) ,
—= =P RO+ GFO + i) PO + GO = PO + 0O + o + i +) N
+ T
CD4 200 - 349 diagnosed, on ART
d11'3'4(t) 33733 4 , 24 4144 34 34 4 34
— =V + (O + () O + {10 - PO + 0 O+ + i +v) N

+ 7}3'4(t)

CD4 < 200 diagnosed, on ART

dI>(t)

T =+ (0P +Hi®) 1@ + GIP 0 ~ PO(0f () + &+ + V) + T

Diagnosed infection, ART dropout / therapeutic failure:

CD4 > 500 ART drop out / therapeutic failure

dI*(t)
dt

=} () — IO + @) + p +v) + T2(0) 23

CD4 350 - 500 ART drop out / therapeutic failure

dI(t) _

T =Y O+ OO - PO+ + @ + i +v) + T (0 24

CD4 200 - 349 ART drop out / therapeutic failure



dI* (t) _

T =PI O+ OO - O +E® + @+ ) + T 25

CD4 < 200 ART drop out / therapeutic failure

dI ()

— o =IO+ 0P OO - OO + @) + V) + T 26

S2b: Linear interpolation of parameters

We assume that certain parameters vary over time. For example, the fraction of sex acts that are protected by a
condom will generally increase over time. Estimates for this fraction will be taken from surveys (e.g. 2008 and
2011). We linearly interpolate between these years in order to get a value for every year. We assume all
parameters to remain fixed at their 2015 value when simulating the epidemic beyond this year.

For non-commercial condom use (fi’}’ (1)), we calculate its value over time as follows:

fi?’l%sy t <2008
fiy(t) = fi%g% +zt, 2008 <t <2011
fij2008. t > 2011

Where z is the annual increase in condom use, calculated as follows:

_ filjyzoos - filjy1998
2011 — 2008

S2c: Entering the population

New people entering the population are distributed into the 9 groups at fractions determined by the parameter
w;.

Wppsw = fracg * fraceprsy * fraCFSWforeign
Wipsw = fracg * fraceppsw * ratioppsy * fracrswroreign
Wepp = fracy — Wppsw — Wipsw — Wyp
wepy = (1 — fracg) * fracysa
wyp = fracg x (1 — fracps,)
wyy = (1 — fracg) x (1 — fracysa)

W = Wppswincot = Wrrswoutcot = 0

O

i=

(,()i=1

~
1l
=



Where w; is the fraction of new individuals entering group i; PFSW, LFSW, GPF, GPM, VF, VM, C,
FFSWinCot and FFSWoutCot represent professional female sex workers, part-time female sex workers, low risk
women and men, not yet sexually active women and men, clients, former female sex workers in GC and former
female sex workers outside of GC respectively; fracy is the fraction of individuals that are female; fracgprsy
is the fraction of women that are professional sex workers; ratio; rsy, is the ratio of number of part-time sex
workers to professional sex WOrkers; fracrsw roreign 1S the fraction of sex workers that are non-Beninese;
fracysa is the fraction of men that are sexually active; fracgg, is the fraction of women that are sexually
active.

S2d: Turnover:

Turnover between compartments is a critical component of the model, spreading infections from high risk to
low risk groups, and is also important for maintaining the correct demographic patterns in the population.
Turnover is represented by two separate parameters, moving out (u;) and moving in (v;;). The former is the rate
of leaving a group i, thus need only apply to the group in question. The latter is the rate of entering a group i
from group j which capture the correct prevalences of care-state r and stage of disease s.

Turnover applies equally to both susceptible and infected states (whereby X = S and X = I respectively), and
applies to all care states and stages of infection. Thus, the movement into states S; and I{*'S will arrive from
states S; and Ij"'5 respectively. As such, when considering the movement of people from group j to group i, it
will be at the HIV prevalence of group j.

Movements in and out are combined into the turnover T;*(t) as follows:
j=9
T () = =X () *u; + Z Vij * Xjr's(t)
j=1

Where T;*(¢) is the turnover of group i, care-state r and disease state s; X;*(t) is the current number of
individuals in the state, w; is the rate of leaving of group i; v;; is the rate of entering in group i from group j.

Groups (i):

Professional FSW

Part-time FSW

Low-risk women

Former FSW in GC

Clients

Low-risk men

Not yet sexually active women
Not yet sexually active men
Former FSW outside model

©oOoNU~wWDNE

Not yet sexually active men and women

Not yet sexually active (NYSA) men and women enter the sexually active population and do not go back.
NYSA women (i = 7) move into the low-risk women category (i = 3); NYSA men (i = 8) move into the low-risk
men category (i = 6).

Rate of leaving NYSA woman group (u,):

u7=X7_15

Rate of leaving NYSA men group (ug):



1
X8_15

Ug =

Where u, and ug are the rate leaving of NYSA women and men groups respectively; y; is the average age of
sexual debut of group i. 15 is the youngest age in the model, thus ys — 15 represents the length of time spent
NYSA.

This results in the movement of NYSA women and men to be expressed as follows:

T, () = —=X7°(8) x uy
Tg® () = —Xg" (8) * ug

Where T, (t) and T, (t) are the movements of NYSA women and men respectively of care state r and stage of
infection s; X;* is either a susceptible (X = S) or infected (X = 1) individual in group i, care state r and stage of
infection s at time t.

Professional and part-time female sex workers

Professional and part-time FSWs are recruited from either outside of sexual network of GC, or recruited from
the low-risk population. Both FSW groups retire to former FSW groups (both inside and outside GC).

. . . . 1 1
Rate of leaving sex work is equal to the inverse of the duration of sex work (dur and . for
PFSW LFSW

professional and part-time FSW respectively).

Rate of leaving professional sex work (u,):
U =
dutppsw

Rate of leaving part-time sex work (u,):

1

Uy = ——
durpsy

Where durppgy, and dur;ggy, is the duration of professional and part-time sex work respectively.

The movement rates of FSWs from the low-risk women group are calculated as follows:
Rate of entering professional sex work from low-risk women:

N, (0)
N3(0)

1
Vi3 = (— +up + V) (1 - fTaCFSWforeign)

dutprsw

Rate of entering part-time sex work from low-risk women:

1 Na(0)
Va3 = m + Up +v N3 (0) ( - fTaCFSWforeign)




Where pp is female baseline mortality; v is the rate of ageing; N;(0) is the initial population size of group i;
fraceswroreign 1S the fraction of sex workers that are non-Beninese. If fracgsw oreign = 0, all FSWs are
recruited from the low-risk women group of GC; if fracgsw roreign = 1, all FSWs are recruited from outside
GC within the rate of entry E; and E, for professional and part-time sex workers respectively. The ratio of
N1(0) and N2(0)
N3(0) N3(0)
the approximately the same numbers of FSWs that retire from sex work are recruited from the low-risk women
group. ur and v are also required to recruit FSWs at the rate at which they age and die.

professional FSW and part-time FSW to low-risk women ( respectively) is required to ensure that

Total movement for professional and part-time FSW (T, *(t) and T, *(t) respectively), including leaving and
entering, are thus expressed as follows:

T () = =X1°(6) *uy + vy 3 % X37°(0)

T, 5 () = =X3°(t) * up + vy3 * X37°(t)

Where u; and u, are rates of leaving professional and part-time sex work respectively, which is multiplied by
the number of individuals in each care state r and stage of infection s at time t (X;"°(¢) and X,*°(¢t) respectively);
v, 3 and v, 3 are the rates of entering professional and part-time sex work respectively, which are multiplied by
the number of individuals in the low-risk women (X3°(¢)) of care state r and stage of infection s.

Low-risk women

The rate of leaving of low-risk women group (u3) is the combination of the rates v, ; and v, 5 as calculated in
the following equations:

1 N;(0) N.
Uz = (7 + Up + V) : (1 - fraCFSWforeign) + ( + Up + V) N;(0) (1 - fraCFSWforeign)

dur psw

The rate of entering of low-risk women group is equal to the rate of leaving of the NYSA women group as
shown in the following equation:

1
V3, = ————
3‘7 X7 - 15
Total movement for low-risk womens (T3 (¢)), including leaving and entering, is expressed as follows:
T3P (t) = —=X3°(t) * uz + v3, * X7°(t)

Where X3 (t) is the number of low-risk womens individuals in care state r and stage of infection s at time t; u
is the leaving rate of low-risk women; v; , is the entering rate of low-risk women from the NYSA women
group; X, (t) is the number of NYSA women in the same care state and stage of infection.

Former FSWs inside and outside Grand Cotonou
Professional and part-time FSWs retire to become former FSWs, either inside or outside of GC (as shown in

following equations). The parameter fracgsy roreign represents the fraction of FSW that were foreign-born,
which determines how many FSW that leave GC upon retirement.



Rate of entering former FSW in GC from professional FSW category:
1

=—— (1 —frac ;
durPFSW ( f FSWforelgn)

2%}

Rate of entering former FSW in GC from part-time FSW category:
1

=—(1-frac i
durLFSW ( f FSWforelgn)

V4,2

Rate of entering former FSW outside GC from professional FSW category:

v9,1 fraCFSWforeign

dutprsw

Rate of entering former FSW outside GC from part-time FSW category:

v9,2 fraCFSWforeign

" durpsy
Total movement for former FSW inside (T, (¢)) and outside GC (T, *(t)) are calculated as follows:
Ty (t) = va * X7 (6) + va * X537 (1)
Tg (t) = vo1 * X{°(t) + Voo * X3 (1)

Where X;*(t) and X, (¢) represent the number of professional and part-time FSWs respectively, in care state r
and stage of infection s at time t.

Clients

Clients are recruited only from the low-risk men population, at a rate inversely proportional to the duration of
being a client ( !

durclient’
Rate of leaving client group (us):

1

5 — —
durclient

In order to keep the proportion of men that are clients approximately the same over time, the rate of entering the
client group from the low-risk men group (vs ¢) scales the rate of leaving of the client group by the fraction of
Ns5(0)
Ne(0)
are included to replace the clients that are leaving due to death or ageing. The rate of entering the client category
from the low-risk men (vs ) is calculated as follows:

1
=(——+un+ )
Vss (durclient Ha Y

men that are clients at seeding ( ). The background male mortality and ageing rates (u,, and v respectively)

Ns(0)
Ne(0)

Total movement for clients is thus calculated as follows:

To (t) = —=X5° (t) * ug + vge * X.° ()



Where X;°(t) is the number of low-risk men in care state r and stage of infection s at time t.

Low-risk men
Low-risk men leave at rate ug, which is calculated as follows, as in the following equation:

Ns(0)
Ne(0)

1
Ug = <— +uy + v)
durclient

Rate of entering low-risk men from the client category (v s) is calculated as follows:

1

v, =
o durclient

Rate of entering low-risk men from the NYSA men category (v g) is calculated as follows:

1
Ves = xs — 15
Where yg is the average age of sexual debut of NYSA men.

Total movement for the low-risk men category (T;"°(t)) combines the turnover with clients with the movement
from NYSA men (following equation), and is calculated as follows:

Tﬁr‘s(t) = _Xgls(t) * u6 + v6,5 * ngs(t) + v6,8 * Xg’s(t)

Where X£°(t) and Xg* (¢) are the numbers of clients and NYSA men respectively, in care state r and stage of
infection s.

S2e: Testing rates

Household, IBBA and DHS surveys provided estimates on the probability of being tested in the last year for
FSWs and men and women in GC. After interpolating over time yearly estimates of testing coverage (see
parameter table), every time step we estimate the rate of undergoing testing with the following equation:

7,° = —In (1 — ptest;)
Where 7;*° is the rate of testing of group i; ptest; is the probability of being tested last year of group i.
There is one case where this is different:

Individuals in I;*> have an increased testing rate (z;**) as calculated below

15
7,7 = —In(1 — ptest;) * RRiestcpazoo

L
Where RR,.stcpazo0 1S the increase in testing due to a CD4 count <200, which is associated with
symptoms of AIDS.

S2f: ART initiation rates

ART initiation rate is represented by p;, varying by group i and stage of infection s. Eligibility of ART has
historically depended on CD4 count according to national and WHO recommendations; the rates of ART
initiation in the model reflect this. Prior to 2012, only those with a CD4 count below 350 were eligible for ART
(s=4,5); in 2015 this was extended to those below 500 (s=3,4,5), and in 2016 all stages of infection were
eligible.



S2g: Force of infection:
The force of infection (A;;(t)) is defined as the per capita rate at which susceptible individuals of risk group i

and care state r are infected by individuals of risk group j. It is derived from the total risk of infection from
commercial (C) and non-commercial partnerships (N), all care states r and stages of infection s, including sex
acts with and without protection from condoms.

r=4 s=5

IrS(t)
Aij(t)zpu ZZ Y= 4 s= s ITS(t)+S”(t))(1

r=1s=1

c C c C
(1 By R YSOTIEO) (1 (1~ eey) gy PP YOO fijm)

=4 s=5

Irs(t)
ol ZZ Db Yo ”(t)+s”(t))(1

r=0s=1

— (1 — .Bij R"S )n{\j,(t) (1—fi1}’(t)) X (1 — (1 — ecij) :Bij R}”,s )nli\}(t) flljv(t))

Where pfj and p{\]’- are the probability of sexual contact between groups i and j for commercial and non-

commercial partnerships respectively; c¢ and ¢/ are the rates of new partner acquisition for commercial and

non-commercial partnerships respectively; g;; and [)’l-] are the commercial and non-commercial probability of
HIV transmission per sex act from j to i respectively; R; ¥ is a matrix containing the scaling factors for risk of
transmission based on care state r and stage of |nfect|on s of transmitter j; n; ](t) and n; (t) are the commercial
and non-commercial number of sex acts per partnership, fl-j (t) and fU (t) are the proportion of commercial and
non-commercial sex acts protected by a condom, ec;; is the condom efficacy.

The total force of infection experienced by individuals of group i, and care state r (Atotir(t)) is the sum of the
forces of infection contributed by each type of partnership they have.

Atot] (t) = Z A5 (6)
S2h: Balancing of partnerships

Commercial partnerships

The total number of commercial partnerships as declared by women (i = 1, 2) must match the total number of
commercial partnerships as declared by men (i = 5), such that the following equation is satisfied:

cfN;y + SN, = cENg

Where cf is the commercial partner change rate of group i; N; is the total number of individuals in group i. We
use two methods (one of which is randomly chosen in each simulation) in order to ensure that this equation is
fulfilled:

1. Either we change the partner change rate of the professional FSWs every timestep in order to
balance

C c
oCr — csNs —cz N,
=2 = 2
Ny



Where c{’ is the balanced partner change rate of professional FSWs, which will be applied in
the force of infection.

2. Or we change the partner change rate of the clients every timestep in order to balance

c C

o N+ ¢z N,

R
Ny

Where c’ is the balanced partner change rate of clients, which will be applied in the force of
infection.

Non-commercial partnerships

The number of non-commercial partnerships as declared by women (i = 1, 2, 3, 4) must match the number of
partnerships as declared by men (i = 5, 6), such that the following equation is satisfied:

i=4 i=6

i=1 i=5
cNN; + YNy + YNy + cYN, = ¥ Ng + YN

We change the partner change rate of low-risk women (i=3) and former FSW (i=4) in GC every timestep to
balance partnerships:
c¥Ng + c¥Ng — VN, — YN,

N3 + N,

C?I)V’ — CAI}W —

Low-risk women and former FSW in GC share the same non-commercial partner change rate (¢}’ and c}’
respectively).

Sex acts per partnership

This parameter is equal between each pairing, i.e. professional FSW have the same number of sex acts per
commercial partnerships with clients, as clients have with professional FSW. The value of this parameter is
drawn from a range whose uncertainty encompasses estimates from professional FSW and client data.

S2i: Probability of sexual contact
The contact matrices Mg- and M{}( determine whether commercial and non-commercial partnerships are formed
between groups i and j.

Mf; =
i
Pro Part-time | Lowe-risk Former FSW | Client Low- | NYSA NYSA Former FSW
FSW | FSW women in Cotonou risk women men not in Cotonou
men
i | Pro FSW 0 0 0 0 1 0 0 0 0
Part-time FSW | 0 0 0 0 1 0 0 0 0
Low-risk 0 0 0 0 0 0 0 0 0
women
Former FSWin | 0 0 0 0 0 0 0 0 0
Cot
Client 1 1 0 0 0 0 0 0 0
Low-risk men 0 0 0 0 0 0 0 0 0
NYSA women 0 0 0 0 0 0 0 0 0




NYSA men 0 0 0 0 0 0 0 0 0

Former FSW 0 0 0 0 0 0 0 0 0
not in Cot
N _
j
Pro Part-time | Lowe-risk Former FSW | Client Low- | NYSA NYSA Former FSW
FSw FSw women in Cotonou risk women men not in Cotonou
men
i | Pro FSW 0 0 0 0 1 0 0 0 0
Part-time FSW | 0 0 0 0 1 0 0 0 0
Low-risk 0 0 0 0 1 1 0 0 0
women
Former FSWin | 0 0 0 0 1 1 0 0 0
Cot
Client 1 1 1 1 0 0 0 0 0
Low-risk men 0 0 1 1 0 0 0 0 0
NYSA women 0 0 0 0 0 0 0 0 0
NYSA men 0 0 0 0 0 0 0 0 0
Former FSW 0 0 0 0 0 0 0 0 0
not in Cot

The probabilities of commercial and non-commercial sexual contact of an individual from group i with an
individual from group j (pfj and pfj respectively) is determined by the proportion of partnerships declared by
group j out of the total number of partnerships, calculated as follows:

c
c #N]c M =1
pi;(£) = Lj=1 ¢ N; Mj;
0, ME =0
L MN =1
o =gy
0, Mj=0

Where c]-c and ch represent the commercial and non-commercial partner change rates of group j respectively,
after balancing.

S2j: HIV transmission probability per sex act

From Boily et al. 2009, we obtain ranges for the baseline probability of HIV transmission from men to women
(B) 5. We estimate the per sex act probability of transmission from men to women (and vice versa) which
depends on: relative risk of HIV transmission probability (RR) with concurrent HSV-2 infection in the acquirer,
female-to-male transmission, circumcision, and HSV-2 prevalence in the acquirer. We assume all males are
circumcised 6264¢ which confers lower risk of HIV acquisition in men but not transmission from men.

HIV transmission probability per sex act from men to women (Byr):
Bur = B * (1+ (RRSV> = 1) « xf'S"?)

Where RR}*"? is the RR of transmission probability if acquirer group j is HSV-2 infected; 7/ is the

prevalence of HSV-2 in group j.



HIV transmission probability per sex act from women to men (Bgy):
ﬂFM — ﬁ % RR‘BFM % RRﬁcircum % (1 + (RR]HSVZ _ 1) * T[J-HSVZ)

Where RRFFM js the RR of female-to-male transmission; RRF¢ireum js RR of male circumcision.

S2k: Relative risk of transmission

Transmission probability per sex act will also depend on the care state (r) and the stage of infection (s) of the
transmitter.

Relative risk of transmission Stage of infection (s) of the transmitter (j)
(R]."S) 1. Primar 2.CD4 3.CD4 350 - 4. CD4 200 - 5.CD4
: Y | >500 500 349 <200

1. Undiagnosed RRprimary 1 1 1 RRAIDS
Care state | 2. Diagnosed off ) AIDS

() of the ART ! ! ! RR
trans(?)witter 3.0n ART _ RR/ART RR/ART RR/ART RR/ART
4. ART Drop ) 1 1 1 RRAIDS

out

Where RRPT™4TY s the relative risk of infection per sex act if the transmitter is in primary stage of infection;
RRAIPS is the relative risk of infection per sex act if the transmitter is in AIDS stage; RRART is the relative risk of
infection if the transmitter is on ART. RR{"RT is calculated as follows:

RR{FT =1 —VS; x ef fART

Where VS; is the proportion of individuals that are virally suppressed in group j, and ef fART is the efficacy of
ART when virally suppressed.

S2I: Disease progression and AIDS-related mortality
Progression through the stages of infection occurs at rate y™ for each care state r and current stage s.

The duration of the entire infection (durscgeqen, SEFOCONVErsion to death) is estimated, as well as the duration of
primary phase (}%), infection stage CD4 200-349 (y—L) and CD4 <200 (ﬁ). The durations of stages CD4 >500

(y%) and CD4 350-500 (y—iS) are calculated as follows:

1 1 1 1 1

— = — = dur. —
02 03 SCdeath 01 04 05
Y Y Y Y a

Progression happens at the same rate when undiagnosed off PrEP, undiagnosed on PrEP, diagnosed off PrEP or
in ART dropout (r =0, 1, 2, 4); progression is slowed by a factor of prog 4z for those on ART (r = 3) such that:

32 a® 02
yoe=——xVS + y4(1-VS;
Progarr / ( ])
a0t
33 03
Y =—— VS + y2 (1 =VS;
Progarr / ( J)
%5
34 04
yort=———x VS + y"H 1 =VS;
Progarr / ( J)



Where V'S; is the proportion of individuals that are virally suppressed in group j.

If an individual on PrEP is infected (stage Iil'l), they progress at the same rate as if not on PrEP:

11 - ,,01

Yo=Y

There is no AIDS-related mortality for those who are susceptible, primary phase of infection, or CD4 >500 (s =
0, 1, 2). It occurs for CD4 350-500, CD4 200-249, CD4 <200 (s = 3, 4, 5). AIDS related mortality for those on
ART (r = 3) is slowed by a factor of mort gy, such that:

(Z13
a® =——— VS + a3(1-VS))

mortypr
(Z14
¥t =——— VS + a™(1-VS))
mortypr
a15
a® =———VS; + a'5(1-VS))
mortypr

Cotonou model outcomes

Outcomes estimated for each scenario to evaluate impact:

Statistic Calculation

Cumulative HIV infections (CI;) are calculated as follows:
Cumulative HIV infections (CI;)

j=9
et _ o tjz:/‘l t
a - i().1 (0
=

Where S7 (t) represents susceptible inidividuals in group i at time ¢, and 4;;(t) represents the force
of infection from group j to group i at time ¢.

Cumulative HIV-related deaths (H;) are calculated as follows:
HIV-related deaths (H;)

dH r=4 s=5
g o
r=1s5=1

Where I;"°(t) represents infected individuals in group i, in care-state r, stage of infection s at time t,
and a]"° represents the AIDS-related mortality rate in group i, care state r, stage of infection s.

Cotonou model parameters

Most Cotonou model parameters and fitting data were sourced from demographic, sexual behaviour and HIV
prevalence data from local census,®-8 the UN World Population Prospect,® studies among KP®:8>88 (including
IBBS studies®®¢7.79-74), Sexual behaviour parameters were informed by several rounds of FSW over time and
client IBBS in Cotonou and three household-based general population surveys.®3-6670.7L73.74 Cotonou FSW HIV



incidence (2015) and biological parameters for HIV natural history and infectivity were sourced from published
literature.51:89-103 Data on HIV prevalence by risk group, HIV testing, ART (available in Benin since 20027%)
uptake and coverage, adherence (viral suppression) and dropout among FSW and other groups were also derived
from the IBBS, household-based surveys in Cotonou,6466 and government reports.”37576,104.105

Table 1 below displays full details of the parameters in the model: demographic, sexual behaviour, biological
and intervention. Some parameters were sampled in a Latin Hypercube from a uniform distribution of the range
given in the table, others were fixed and not sampled. Some parameter values were sampled at certain
timepoints (e.g. commercial partner change range); we assume that parameter values between sampled
timepoints are linearly interpolated between them.

Model parameters are derived from several sources. Where there were multiple sources estimating the same
parameter, a prior range was defined encompassing all estimates, and sampled in the Latin Hypercube.
Parameter estimates sourced from the published literature assumed the 95% CI as the prior range.

Table S4: Demographic parameters

Name (units) ;C')Sukp Year Symbol Value/Range Source
Year of
seeding of NA NA to 1986 106
epidemic
Total
agpg(? li?}é%nat All NA No 286114 82,83
seed
All By 0.059
1993-
Population Al 2002 0.048 - 0.058
growth rate 2002- € 80-83
(per year) All 2013 0.027
All 2014- 0.027
Proportion of
opulation that 1986- -
P isp female at NA 2035 prope 0.512 - 0.520 80-83
seeding
Proportion of
women that are 1986-
professional Pro FSW 2035 Propeesw 0.0024 - 0.00715 80-83,87,88 88
FSW at
seeding
Ratio of
women that are -
part-time FSW Pags':;vme 12%?5 ratioy rsw 1-2 8
to Pro FSW at
seeding
Proportion of
women that are Form(_ar 1986- . . .
former ESW at FSW in 2035 Proprrsw Same as proportion that are professional FSW Assumption
seeding Cotonou
Proportion of
mcelri]etr:]tztz;re Client 1290%65 propc 0.066 - 0.30 80-83,86,107
seeding
Fraction of the Low-risk 1986-
1I5-59 ngm(;n 2035 propev 0.079 - 0.20 64,67
population that
is not yet Low-risk 1986- 64,66
sexually active men 2035 propmv 0.070 - 0.17
at seeding




FSW NA TEsw 0.0132 - 0.0659 106
Prevalence of Client NA Tic
HIV at seeding [ | ow-risk
women NA T 0.000313 - 0.00294 108
Low-risk NA -
men
Rate of leaving 1986-
by ageing (per All 2035 v 0.022 Assumption
year)
Background Women 0.0187 - 0.0200
. 1986- 84
mortality rate 2035 n
(per year) Men 0.0194 - 0.0220
Rate of leaving | Pro FSW 1986-
of sex work & part- 2035 1/ duresw 0-055 65,67.72,109
(per year) time FSW
Proportion of 1986-
FSW that are Pro FSW fracrswioreign 05-09 es67.72.74
- 2035
non-Beninese
1986 -
Prevalence of 1993 0-0.163
incoming 1986 - : - 65,66,72,74,110
professional Pro FSW 2015 Linearly interpolated
FSWs 2015 - 0-0.046
Rate of leaving
of client : 1986- _ R 70,72,73
category (per Client 2035 1/ durciient 0-0.295
year)
Not yet
sexually 1986- ) 64,66
enzﬁﬁ OIhe active 2035 x 0.2-05
9 female
sex'ual Not yet
population (per sexually 1986- 64.67
year) active 2035 m 0.2-05 ’
male
Proportion of 1986- 3 64,67
people that are Women 2035 fracusa 0.12-017
sexually active 1986- 64,66
at 15 Men 2035 fracmsa 0.18-0.35
Table S5: Sexual behaviour parameters
Name Group Year Symbol Value Source
1986 - 1993 192 - 1277
Professional FSW CCprsw ) 65,66,72,74
1993 - 2005 _ Linearly
interpolated
Commercial partner 2005 - 81 -562
change rate (per year)
Part-time FSW 1986-2035 cClrsw 26-78 Personal communication
1986 - 1998 8.4-32
Client cCc 071,73
1998 - 2002 _ Linearly
interpolated




2002 - 11.1-19.8
Professional FSW 1986-2035 CNorsw 0.31-0.86 6567.7274
Part-time FSW 1986-2035 cMirsw 0.41-1.04 T2
Client 1986-2035 cNe 16-33 707,73
1986 - 1998 0.93-0.99
Non-commercial partner -
change rate (per year) GPF 1998 - 2008 cN Linearly 64,66
F interpolated
2008 - 0.77-0.82
1986 - 1998 1.25-1.43
) N Linearly 64,66
GPM 1998 - 2008 cm interpolated
2008 - 0.73-0.84
Professional FSW 1986-2035 Nprsw 1-3 65.66.7274
Commercial number of
sex acts per partnership
(per year)
Part-time FSW 1986-2035 NCLesw 1 Assumption
1986 - 2002 13.0-20.0
Professional and ) N Linearly 65,67,.72.73
part-time FSW 2002 - 2015 M ersw interpolated
2015 - 38.2-60.0
Matching the
Clients NA nNe partner m_thelr Assumption
respective
partnerships
Non-commercial number
of sex acts per
partnership (per year)
1998 35-44
GPF - GPM NN 64,65
Linearly
1998 - 2011 interpolated
2011 29-38
1986 0-0.18
Linearly
1986 - 1993 interpolated
1993 0.18-0.33
1993 - 1998 ey
Proportion of commercial . p
Professional FSW c 65,67,70,72,109
sex acts protected by & clients 1998 fC prswetient 0.4-0.73 11072,
condom Linearly
1998 - 2002 .
interpolated
2002 0.61-0.99
2002 - 2008 _ Linearly
interpolated
2008 0.86 - 0.99




1986 0
Assumption
Part-time FSW & ) c ) Linearly
clients 1986 - 2015 fC"eswotet interpolated
2015 0.25-0.52 1074
1986 0
Professional FSW N Linearly 65,67.70,72.73
& clients 1986 - 2002 feesw interpolated
2002 - 0.19-0.62
1986 0
I Assumption
Part-time FSW & ) c ) Linearly
clients 1986 - 2015 fC eswotet interpolated
Proportion of non- 2015 0.138 - 0.383 roren
commercial sex acts
Same as FSW or
protected by condom Clients 1986-2035 fcNe GPF in respective Assumption
partnerships
1986 - 1998 0.033-0.05
GPF 1998 - 2011 _ Linearly
interpolated 64,66
2011 - 0.16 - 0.26
GPM Same as GPF fcNu Same as GPF
Table S6: Biological parameters
Name Group Year Symbol Value Source
HIV baseline
transmission probability All 1986-2035 B 0.0006 - 0.00109 5t
male to female per sex act
RR HIV transmission risk All 1986-2035 RRPFM 053-2 51
female to male
RR transmission
probability with HSV-2 | 5 o ional Fsw 1986-2035 RRjHSV2 09-23
infection in acquirer
commercial
RR transmission
pr_obabl_llty Wlth H_SV-2 Women _who are not 1986-2035 RRjHSV2 18-_34
infection in acquirer professional FSW
commercial m
RR transmission
probability with HSV-2 Clients 1986-2035 RRj5V2 15-22
infection in acquirer
commercial
RR transmission
probability with HSV-2 Men who are not B -Hsv2
infection in acquirer clients 1986-2035 RR] 22-43
commercial
Prevalence of HSV-2 Pro FSW & part- 1986-2035 Hsv2 0.87-0.94 8

time FSW




Prevalence of HSV-2 Clients 1986-2035 jHsv2 0.18-0.28 12
Prevalence of HSV-2 GPF 1986-2035 jHsv2 0.27-0.32 8
Prevalence of HSV-2 GPM 1986-2035 jHsv2 0.098 - 0.14 8
RR transmission All 1986-2035 RRPeireum 0.34-0.72 %113
circumcision
RR of transmission All 1986-2035 RRPrimry 45-188 51
during primary phase ’ '
RR of transmission
during AIDS (CD4 <200) All 1986-2035 RRAIDS 45-11.9 5t
phase
Efficacy of ART if virally
suppressed regarding Al 1986-2035 effART 0.96 - 0.99 14
reduction in onward ’ '
transmission
Fraction of other groups Low-risk 1986-2035 Vs
virally suppressed > 0.42-0.85 105,100
F”“C“OT‘ of professional Professional FSW 1986 - 2015 VS,
FSW virally suppressed
Condom efficacy All 1986-2035 ec 0.58-0.95 42
Duration between
seroconversion and death All 1986-2035 dUrscdeatn 8.7-123 94.95,97-100.102,103
(years)
Duration of primary Al 1986-2035 1o 0.25-0.42 5195
phase (years)
Duration of CD4 200-349 All 1986-2035 1/ 23.44 91.97.99
(years) Yoa oo
Duration in CD4 <200 All 1986-2035 1a 0.58-3.17 90.9396.99 101103
(years) 0 . :
Derived: (durs(;deam -Yo1- Yosa-
Duration of CD4 >500 aps) gives the time after primary
(years) All 1986-2035 1yor Derived from phase until CD4 200-349.
other sampled Dividing this time by 2 gives the
parameters duration of both CD4 >500 and
CD4 350-500, assuming they
Duration of CD4 350-500 have the same duration
(years) All 1986-2035 1703
Death rate CD4 350-500 All 1986-2035 o3 001 -0.05
(per year) 8490
Death rate CD4 200-349
(per year) All 1986-2035 0os 0.03-0.10
Reduction in progression
for individuals on ART All 1986-2035 progarr
4.82-10.2 15
Reduction in mortality for All 1986-2035 mort
B -ART

individuals on ART




Table S7: Intervention parameters

Table S8: Cotonou model fitting data

Name Group Year Symbol Value Source
1986 - 2005 0 Personal communication
2005 - 2013 _ Linearly
interpolated
Professional FSW 2013 0.65 6
2013 - 2015 _ Linearly
interpolated
2015 - 0.68 “
1986 - 2001 0 Personal communication
2001 - 2006 _ Linearly
interpolated
2006 0.14 68,69
Low-risk women 2006 - 2008 inlt_elpec?lre:{e d
Probability of having been D 6
f 2008 T 0.21
tested in last year* -
2008 - 2011 Linearly
interpolated
2011 - 0.33 i
1986 - 2001 0 Personal communication
2001 - 2006 _ Linearly
interpolated
2006 0.098 68,69
Low-risk men 2006 - 2008 _ Linearly
interpolated
2008 0.1 66
2008 - 2011 _ Linearly
interpolated
2011 - 0.058 o4
Relative increase in 117
testing at CD4 stage <200 Al 1986-2035 RRees0 1-54
ART initiation rate (per Professional FSW 1986-2035 p 0.25-6 105
year) Rest of population 1986-2035 6-12
Professional FSW 1986-2035 Pprsw 0.023-0.11
ART dropout rate (per Client 1986-2035 dc 5117
year) 0.023-0.11
Low-risk women 1986-2035 oF
Low-risk men 1986-2035 Om
Professional FSW 1986-2035 Trsw 0.25-15
ART re-initiation rate (per 105
year) Other groups 1986-2035 Lest 0.25-15




Fitting outcomes

Year (start)

Target range/estimate

Source

A) Pre-study fitting

Stage 1 (1986-2015): Demographic

Total population size of sexually active adult population 1992 343,705 — 465,013
of Grand Cotonou (N) 2002 579,325 — 783,793
2013 776,076 — 1,049,985 80-83
2020 959,418 — 1,298,036
2030 1,210,305 - 1,637,471
Percentage of women who are professional FSW (%) All 0.19 —0.72 80-83,87.88 88
Number of professional FSW (N) 2012 889 — 1,391 87
Percentage of women who are active FSW (professional All 80-83,87,88 88
. 048-14
+ part-time) (%)
Percentage of men who are clients (%) All 7.4-30 80-83,86,107
Percentage of women who are not yet sexually active All 79-20 64,66,67
(%) T
Percentage of men who are not yet sexually active (%) All 7-17 63,64,66
Stage 2 (1986-2015): Epidemiological
HIV prevalence professional FSW (%) 1993 48 — 58 65,67,72,109
2002 3246
2008 25-34
2015 14 - 22
HIV prevalence clients (%) 2002 6.8-12.0 707173
HIV prevalence all women (%) 2011 1.3-35 64
HIV prevalence all men (%) 2011 0.75-29 64
HIV incidence rate professional FSW (% infected per 2015 0_3 8
person-year)
Stage 2 (1986-2015): ART coverage
Professional HIV infected FSW on ART (N) 2015 42 - 56 104
Men and women on ART combined (N) 2017 8524 — 18273 105
ART coverage of men and women combined (%) 2011 33-52 75,105
ART coverage of men and women combined (%) 2017 60-91 75,104,105
Ratio of women to men on ART 2017 1.5-3.0 104




Cotonou model cross validation data

Table S9: Cotonou model cross validation data

Outcome Year Value Source
HIV prevalence professional FSW 1995 43.0 -54.4 65,67.72,118

(%) 1998 36.6 — 44.7

2005 30.4-394

2012 23.0-32.2

1998 5.9-11.6

2002 6.8—-11.6

HIV prevalence clients (%) 2008 35-9 70.71,109
2012 13-5.2
2015 06-35
HIV prevalence all women (%) 1998 24-438
2008 3.0-53 63.64,67

HIV prevalence all men (%) ;ggg ig — g;

1990 100 — 300

1991 100 — 300

1992 100 — 300

1993 100 — 300

1994 100 — 300

1995 100 — 400

1996 100 — 400

1997 100 - 500

1998 200 - 600

1999 200 -900

2000 200 - 1200

2001 500 — 1500

2002 500 — 1500

Deaths due to AIDS (all groups) 2003 500 — 1500 110

2004 500 — 1500

2005 500 — 2000

2006 500 — 2000

2007 500 — 2000

2008 500 — 2000

2009 200 -900

2010 200 - 900

2011 200 - 800

2012 200 - 1300

2013 200 — 1300

2014 200 - 1300

2015 200 - 1300

2016 100 — 700
Proportion of HIV+ on ART and 2015 14-30

virally suppressed (all groups 2016 15-32 110

combined) 2017 28 _ 60




Cotonou model fits
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2000000
Data
15000001 ) )
- Historical
- Predicted
10000001
500000
1990 2000 2010 2020 2030
Year

Figure S9. Posterior model predictions for total population size of Grand Cotonou from the 111 posterior
parameter sets, showing median (solid line) and 95%UI across all fits (shaded regions) of base-case scenario,
compared to available fitting historical demographic data shown in thick bars (black) and estimated future
prediction assuming constant population growth rate (red).
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Figure S10. Posterior model predictions for the percent of each group in their respective gender (e.g. the percent
of women who are professional FSW), from the 111 posterior parameter sets, showing median (solid line) and
95%UI across all fits (shaded regions) of base-case scenario, compared to available fitting historical
demographic data shown in red lines.
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Figure S11. Posterior model predictions of number of professional FSW from the 111 posterior parameter sets,
showing median (solid line) and 95% Ul across all fits (shaded regions) of base-case scenario, compared to
available fitting historical demographic data shown with a red bar.
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Figure S12. Posterior model predictions of the ratio of women to men on ART from the 111 posterior parameter
sets, showing median (solid line) and 95% Ul across all fits (shaded regions) of base-case scenario, compared to
available fitting intervention data shown with a red bar.
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Figure S13. Model predictions from the 111 posterior parameter sets in grey solid lines (median) and shaded
regions (95%UI across all fits) representing pre-study scenarios, compared to available fitting (thick bars) and
cross-validation (thin bars) HIV prevalence data. Results are shown for HIV prevalence (%) among A)
professional FSW, B) clients, C) all women in Cotonou, D) all men in Cotonou.



Annual HIV deaths

2000
A)
1500
1000
500
1990 2000 2010 2020
Year

Viral suppression among all HIV+ (%)

60 B)

40

20

2002 2006 2010 2014 2018 2022 2026
Year

Figure S14. Posterior model predictions from the 111 posterior parameter sets, showing median (solid line) and
95% Ul across all fits (shaded regions) of base-case scenario, of A) annual deaths due to HIV infection and B)
proportion of HIV+ on ART and virally suppressed, compared to available cross-validation UNAIDS Reference
Group Spectrum model estimates (orange bars) in Cotonou (equivalent to “Littoral”).
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Figure S15. Posterior annual number of commercial partnerships between professional FSW and clients from
the 111 posterior parameter sets, showing median (solid line) and 95% Ul across all fits (shaded regions) of
base-case scenario.
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Figure S16. Posterior percent of commercial and non-commercial partnerships (shown in green and orange
respectively) protected by condoms between professional FSW and clients from the 111 posterior parameter
sets, showing median (solid line) and 95% Ul across all fits (shaded regions) base-case scenario, compared to
available historical behavioural data in bars.
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Figure S17. Posterior percent of commercial and non-commercial partnerships (shown in green and orange
respectively) protected by condoms between part-time FSW and clients from the 111 posterior parameter sets,
showing median (solid line) and 95% Ul across all fits (shaded regions) of base-case scenario, compared to
available historical behavioural data in bars.
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Figure S18. Posterior percent of non-commercial partnerships between low-risk women and their partners
(clients and low-risk men) protected by condoms from the 111 posterior parameter sets, showing median (solid
line) and 95% Ul across all fits (shaded region) of base-case scenario, compared to available historical
behavioural data in orange bars.




Table S10: Scenarios of potential disruptions



Table S10: Scenarios and population-level impact of potential disruptions to HIV prevention/treatment and changes in sexual behaviours applied over 6 months in
our main analysis, and 3, 12 months in our sensitivity analysis

Assumed effect of COVID-19 and
responses to COVID-19

Scenario

Justification, source, and plausibility of scenarios in the
two cities

Estimated impact on new HIV
infections or HIV-related deaths in the
two cities over 1 year

Main five scenarios

U New ART No new ART initiations for anybody Strong hypothetical assumption reflecting ART supply Modest impact even when assuming no

initiation - all issues or reduced outreach.!%122  Early data from new ART initiations over a 6-month

(1) Cameroon suggests a 32% decrease in ART initiations period, with a 5% increase in annual
over January-June 2020 compared to January-June 2019.  new HIV infections and 3% increase in
123 HIV-related deaths.

UvLs-all (2) Level of viral suppression is reduced The pandemic reduces access to ART clinics/viral load Substantial impact on both new

by a fixed fraction (10%, 25%, 50%)
for everybody

monitoring/adherence support,'?412¢ ART supply
issues.!*12! In a global online survey among LGBT+,
26% of PLHIV reported having experienced interrupted
or restricted access to refills of ART medication. Out of
this group, over half (55%) had a month’s stock supply or
less of ART available.!® In a global survey among MSM,
45% (n=1254) of PLHIV reported being unable to refill
their HIV medicine prescription remotely.?” Cameroon’s
ministry of health data shows a 10% decrease in the
proportion of PLHIV on ART who are virally suppressed
in June 2020 compared to December 2019 (80% vs 88%).

128

infections and mortality when the
reduction exceeds 10% over a 6-month
period. A 25% reduction over 6 months
is associated with a 9% and 6%
increase in new HIV infections and
HIV deaths in Yaoundé, respectively,
vs 8% and 12% in Cotonou.

Condom use during all sex acts
reduced by a fixed fraction (10%, 25%,
50%) for everybody

U condom use
any partners —
all (3)

Reduced outreach and potential disruption in condom
provision.12>12%130 In 3 global online survey among
LGBT+, 12% of the sample reported no or uncertain
access to condoms*?®. No data was available for sub-
Saharan Africa. Large reductions in all condom use by
lower-risk populations are not anticipated in the two cities
as condom provision seems to have been maintained.

Significant impact (>5%) on new HIV
infections could be caused by
reductions of condom use of over 10%
over 6 months. A 25% reduction in all
condom use over 6 months would be
associated with a ~10% increase in new
HIV infections and HIV deaths in both
cities. No significant impact on HIV
mortality.




U casual Number of casual partnerships are Reductions in casual (or non-commercial) partners are Reductions in casual sex were

partnerships — reduced by a fixed fraction (10%, 25%, reported in studies in the US, UK, and associated with very modest decreases

all (4) 50%) for everybody Australia 124129131132 Eor example, a study among MSM in new HIV infections (<5%), unless
in in Australia suggested a 84% relative reduction in the reductions were large (>25%)
proportion of MSM reporting sex with casual partners and/or over more than 6 months.

compared to before COVID-19.%32 Decrease in casual sex
was mentioned in newspaper articles in Central and West
Africa.’®, but no data is currently available for Africa.

U Commercial Number of commercial partnerships Reductions documented among male sex workers in the Little impact on new HIV infections in
partnerships — are reduced by a fixed fraction (10%, US,** and mentioned in newspaper articles in Central and  Yaoundé (~2% decrease in new HIV
FSW and clients  25%, 50%) for FSW and clients West Africa,™® since bars and nightclubs were shut during  infections when assuming a 50%
(5) the evenings in many African countries. Reductions not reduction in commercial partnerships
precisely documented in Africa, although in a recent over 6 months), however more
survey in Cotonou, 88% of surveyed FSW reported that significant impact in Cotonou (7%
clients were “rare” in hotspots. % decrease in new HIV infections in the

same scenario)

Additional condom scenarios — Both settings

U Commercial Condom use during commercial sex Subset of scenario (3). UNAIDS has reported Significant impact (>5%) on new HIV
condom use — acts decreases by a fixed fraction interruptions to condom supplies among FSW owing to infections in both cities, especially
FSW and clients  (10%, 25%, 50%) for FSW and clients  the pandemic*’. In Cotonou, 21% of FSW have reported  among their key populations, when the
(3a) a decrease in the distribution of free condoms over reduction exceeds 5%. A 25%
September/October 2020. 3¢ Decreases in condom use reduction in commercial condom use is
during commercial sex could also result from the associated with an overall 8% decrease
economic impact of the COVID-19 pandemic, since in new HIV infections in Cotonou, but
condomless sex with a client is more lucrative than sex 31% among FSW. These estimates are
with condoms. 2% and 12% in Yaoundé, respectively.
U Non- Condom use during non-commercial Subset of scenario (3) Significant impact (>5%) on new HIV
commercial sex acts decreases by a fixed fraction infections in Yaoundé. A 25%
condom use — (10%, 25%, 50%) reduction in non-commercial condom
all (3b) use is associated with a 9% decrease in
new HIV infections in Yaoundé (2% in
Cotonou).

Setting specific scenarios — setting specific




U HIV testing —
all (6)

HIV testing reduced by a fixed fraction
(10%, 25%, 50%, 100%)

Not modelled in Yaoundé. Several studies have reported
decreases in HIV testing.125129130.138 Ag an example,
around 20% of sample in two studies among MSM in the
US and LGBT+ globally reported less or no access to
HIV testing?>?° during the pandemic. Also, only 30% of
a sample of MSM reached through a rapid global online
survey reported being able to access onsite HIV testing.**
Difficulties in accessing HIV self-tests have also been
reported. For example, in a recent survey, 56% of a
sample of 9335 MSM reported potential interruptions to
HIV self-testing.!?” Early data from Cameroon suggests a
30% decrease in the number of people tested for HIV over
January-June 2020 compared to January-June 2020.

Little impact on new HIV infections in
Cotonou (<4%), even when all testing
is suspended.

U Msm Number of partnerships between males  Not modelled in Cotonou. See scenario (4) for Modest overall impact on new HIV
partnerships — are reduced by a fixed fraction (10%, justifications, most of empirical data having been infections in Yaoundé: a 5% decrease
MSM (7) 25%, 50%) for MSM collected among MSM. No available data in Africa. when MSM partnerships are reduced by
50% over 6 months, but the impact
would be much more significant among
MSM (~33% decrease in that scenario)
U All condom Condom use during all sex acts of Not modelled in Cotonou. This hypothetical scenario Important impact, with a 14% increase
use by MSM, MSM, FSW and clients to the same reflects the expected effects of the absence of HIV in new HIV infections overall, and

FSW and clients
at same level as
among lower-
risk populations
— MSM, FSW
and clients (8)

levels as condom use among lower-risk
population

prevention programs among key populations.

44%, 29%, and 20% increases among
FSW, their clients, and MSM,
respectively

U Part-time sex
work (9)

Assuming a concomitant increase in
commercial sex by clients with full-
time FSW (9a), or the client demand
for sex work is maintained and
transferred to full-time FSW (9b)

Not modelled in Yaoundé. This scenario reflects possible
adverse effects of closing bars and nightclubs in the
evenings in Cotonou.

Negligible overall impact (<1% change
in new HIV infections)

Risk-group specific scenarios

U new ART
initiation and

No new ART initiations and 50%
reduction in viral suppression for the

Subset of scenario (1+2)




VLS —specific ~ following risk groups: FSW and/or

groups clients (Cotonou, Yaoundé) and/or
MSM (Yaoundé only), non
FSWi/clients (Cotonou, Yaoundé), non
—FSW/clients/ MSM (YYaoundé only)

U condom use 50% reduction in condom use in all sex  Subset of scenario (3)
acts decreases for the following
partnerships
e FSW and/or clients (Cotonou,
Yaoundé), and/or MSM (Yaoundé
only) with all partners

e Between FSW and clients and
MSM (Yaoundé only)

¢ Non-FSW and non-clients and/or
non-MSM (Yaoundé only) with all
partners

e Between non-FSW and non-clients
and/or non-MSM (Yaoundé only)



HIV testing and ART
Relative reduction in viral suppression of 50%

Relative reduction in viral suppression of 25%
Relative reduction in viral suppression of 10%
No new ART initiations
All HIV testing suspended
Condom use
Condom-use of KPs at same levels as lower-risk
All condom use decreases by 50%
All condom use decreases by 25%
All condom use decreases by 10%
Non-commercial condom use decreases by 50%
Non-commercial condom use decreases by 25%
Non-commercial condom use decreases by 10%
Commercial condom use decreases by 50%
Commercial condom use decreases by 25%
Commercial condom use decreases by 10%
Sexual behaviours
Number of commercial partners reduced by 50%
Number of commercial partners reduced by 25%
Number of commercial partners reduced by 10%
Number of male partners of MSM reduced by 50%
Number of male partners of MSM reduced by 25%
Number of male partners of MSM reduced by 10%
Number of casual partners reduced by 50%
Number of casual partners reduced by 25%
Number of casual partners reduced by 10%
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Figure S19: First set of scenarios. Relative change in cumulative number of HIV infections (a) and
HIV-related deaths (b) over 5 years under individual scenarios assuming 6-months disruptions,
compared to base-case in Yaoundé (red) and Cotonou (black). Dots represent median estimates across
model predictions, whereas lines represent 95%Ul (2.5 and 97.5" percentile of the estimates).
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Figure S20: Relative change in cumulative number of new HIV infections in Yaoundé (squares) and
Cotonou (triangles) over 5 years under individual scenarios assuming 6-months disruptions,



calculated overall (green dots and lines), among MSM (pink dots and lines), FSW (red dots and lines),
and their clients (blue dots and lines). Dots represent median point-estimates across model
predictions, whereas lines represent 95%UI (2.5 and 97.5™ percentile of the estimates).
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Figure S21: Relative change in cumulative number of HIV-related deaths in Yaoundé (squares) and
Cotonou (triangles) over 1 year under individual scenarios assuming 6-months disruptions, calculated
overall (green dots and lines), among MSM (pink dots and lines), FSW (red dots and lines), and their
clients (blue dots and lines). Dots represent median point-estimates across model predictions, whereas

lines represent 95%UI (2.5" and 97.5" percentile of the estimates).



HIV testing and ART
Relative reduction in viral suppression of 50%

No new ART initiations
Condom use
All condom use decreases by 50%
Non-commercial condom use decreases by 50%
Commercial condom use decreases by 50%
Sexual behaviours
Number of commercial partners reduced by 50%

Number of male partners of MSM reduced by 50%

Number of casual partners reduced by 50%
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Figure S22: Relative change in cumulative number of HIV-related deaths in Yaoundé (squares) and
Cotonou (triangles) over 5 years under individual scenarios assuming 6-months disruptions,
calculated overall (green dots and lines), among MSM (pink dots and lines), FSW (red dots and lines),
and their clients (blue dots and lines). Dots represent median point-estimates across model
predictions, whereas lines represent 95%UI (2.5 and 97.5™ percentile of the estimates).
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Figure S23: Relative change in cumulative number of new HIV infections in a) Cotonou, and, b)
Yaoundé over 1 year under combined scenarios assuming no ART initiations, 10% reduction in viral
load suppression and condom use (red boxes), as well as 10% reduction in numbers of casual and
commercial partnerships (dark blue boxes) over 3/6/12 months.
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Figure S24: Relative change in cumulative overall number of new HIV infections calculated over a) 1
year, b) 5 years, and HIV-related deaths over c) 1 year, and d) 5 years under individual scenarios
assuming 6-months disruptions, compared to base-case in Yaoundé (red squares) and Cotonou (dark
triangles). Error bars represent 95%UI across model predictions.



References

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Silhol R, Baral S, Bowring AL, et al. Quantifying the evolving contribution of HIV interventions
and key populations to the HIV epidemic in Yaounde, Cameroon. J Acquir Immune Defic
Syndr. 2021. DOI: 10.1097/QAI1.0000000000002580.

Mukandavire C, Walker J, Schwartz S, et al. Estimating the contribution of key populations
towards the spread of HIV in Dakar, Senegal. J Int AIDS Soc. 2018;21 Suppl 5:€25126.
PEPFAR. Cameroon Population-Based HIV Impact Assessment, CAMPHIA 2017. Summary
Sheet: Preliminary Findings. 2018.

Press WH, Teukolsky SA, Vetterling WT, Flannery BP. Numerical Recipes: the Art of Scientific
Computing (3rd Edition). New York: Cambridge University Press; 2007.

Rubin DB. Using the SIR algorithm to simulate posterior distributions. In: Bayesian Statistics.
Oxford University Press; 1998.

Alkema L, Raftery AE, Brown T. Bayesian melding for estimating uncertainty in national HIV
prevalence estimates. Sex Transm Infect. 2008;84:111-116.

République du Cameroun. Enquéte démographique et de santé et a indicateurs multiples
(EDS-MICS) 2011. 2012.

République du Cameroun. Enquéte Démographique et de Santé, Cameroun 2004. 2005.
République du Cameroun. Enquéte Démographique et de Santé, Cameroun 1998. 1999.
Direction Nationale du Deuxiéme Recensement Général de la Population et de I'Habitat Y,
Cameroun,. Enquéte Démographique et de Santé Cameroun 1991. 1992.

République du Cameroun. Enquéte Démographique et de Santé du Cameroun 2018. 2019.
Morison L, Weiss HA, Buve A, et al. Commercial sex and the spread of HIV in four cities in
sub-Saharan Africa. AIDS. 2001;15 Suppl 4:561-69.

Lagarde E, Auvert B, Chege J, et al. Condom use and its associations with HIV/sexually
transmitted diseases in four urban communities of sub-Saharan Africa. Aids. 2001;15:571-
S78.

Ferry B, Carael M, Buve A, et al. Comparison of key parameters of sexual behaviour in four
African urban populations with different levels of HIV infection. AIDS. 2001;15 Suppl 4:541-
50.

Johns Hopkins School of Public Health. 2016 Integrated Biological and Behavioral
Surveillance (IBBS) survey among female sex workers and men who have sex with men in
Cameroon, Final Report. Yaoundé. Available at: http://onsp.minsante.cm/sites/default/files/
publications/245/1BBS2016_preliminaryreport_final_Mar2017_linked. 2018.

Tamoufe U, Mfochive |, Bowring A, Fako G, Bennett J. Review of preliminary data from a
study of HIV and risk among clients of female sex workers in Yaounde, Cameroon. 2018.
Buve A, Carael M, Hayes RJ, et al. Multicentre study on factors determining differences in
rate of spread of HIV in sub-Saharan Africa: methods and prevalence of HIV infection. Aids.
2001;15:55-S14.

Lagarde E, Auvert B, Carael M, et al. Concurrent sexual partnerships and HIV prevalence in
five urban communities of sub-Saharan Africa. Aids. 2001;15(7):877-884.

Garcia-Calleja JM, Ngoumou P, Boupda A. HIV Seroprevalence Study among Commercial Sex
Workers in Yaounde and Douala. Yaounde. 1992.

Garcia-Calleja JM. HIV Prevalence in Yaoundé within surveys conducted in the late 80's-early
90's. 2018.

Mosoko JJ, Macauley IB, Zoungkanyi ACB, Bella A, Koulla-Shiro S. Human Immunodeficiency
Virus Infection and Associated Factors among Specific Population Subgroups in Cameroon.
Aids Behav. 2009;13(2):277-287.

Tamoufe U, Medang R. Enquete séroépidemiologique et compartmentale sur le VIH/SIDA et
la Syphilis chez les travailleurs du sexe au Cameroun. 2010.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

Lai Y. Regional Differences in HIV Epidemic and HIV testing services usage among
Cameroonian female sex workers: Comparing Grand North and Grassland Regions.
Baltimore, Maryland. 2015.

Park JN, Papworth E, Kassegne S, et al. HIV prevalence and factors associated with HIV
infection among men who have sex with men in Cameroon. Journal of the International AIDS
Society. 2013;16(4Suppl 3):18752.

Holland CE, Papworth E, Billong SC, et al. Access to HIV Services at Non-Governmental and
Community-Based Organizations among Men Who Have Sex with Men (MSM) in Cameroon:
An Integrated Biological and Behavioral Surveillance Analysis. Plos One. 2015;10(4).

The World Bank. Mapping Female Sex Workers in Cameroon for HIV Program Design and
Implementation. Washington DC. 2016.

International Programs. 2018. https://www.census.gov/data-
tools/demo/idb/informationGateway.php.

United Nations, Department of Economic and Social Affairs, Population Division. United
Nations World Population Prospects: The 2017 Revision. https://esa.un.org/unpd/wpp/. .
2017. Accessed 01 February 2018.

Ryan KA, Roddy RE, Zekeng L, Weir SS, Tamoufe U. Characteristics associated with prevalent
HIV infection among a cohort of sex workers in Cameroon. Sex Transm Infect.
1998;74(2):131-135.

Kaptue L, Zekeng L, Djoumessi S, Monnylobe M, Nichols D, Debuysscher R. Hiv and
Chlamydia Infections among Prostitutes in Yaounde, Cameroon. Genitourin Med.
1991;67(2):143-145.

Lorente N, Henry E, Fugon L, et al. Proximity to HIV is associated with a high rate of HIV
testing among men who have sex with men living in Douala, Cameroon. Aids Care.
2012;24(8):1020-1027.

Comité National de Lutte contre le VIH/SIDA (CNLS). Etude intégree de surveillance
comportementale et biologique chez les hommes ayant des rapports sexuels avec des
hommes au Cameroun. Cameroun. 2012.

Auvert B, Buve A, Ferry B, et al. Ecological and individual level analysis of risk factors for HIV
infection in four urban populations in sub-Saharan Africa with different levels of HIV
infection. Aids. 2001;15:515-S30.

Buve A, Lagarde E, Carael M, et al. Interpreting sexual behaviour data: validity issues in the
multicentre study on factors determining the differential spread of HIV in four African cities.
AIDS. 2001;15 Suppl 4:5117-126.

Decker MR, Lyons C, Billong SC, et al. Gender-based violence against female sex workers in
Cameroon: prevalence and associations with sexual HIV risk and access to health services
and justice. Sex Transm Infect. 2016;92(8):599-604.

Ministry of Public Health. HIV Prevention for Populations at Risk in Cameroon: final report.
Yaoundé. https://www.jhsph.edu/research/centers-and-institutes/research-to-
prevention/publications/WA_FinalReport.pdf . 2014.

Owen BN, Elmes J, Silhol R, et al. How common and frequent is heterosexual anal
intercourse among South Africans? A systematic review and meta-analysis. Journal of the
International Aids Society. 2017;20.

Siegfried N, Muller M, Deeks JJ, Volmink J. Male circumcision for prevention of heterosexual
acquisition of HIV in men. Cochrane Database Syst Rev. 2009(2):CD003362.

Liu HJ, Morisky DE, Lin XQ, Ma EJ, Jiang BF, Yin YP. Bias in Self-Reported Condom Use:
Association Between Over-Reported Condom Use and Syphilis in a Three-Site Study in China.
Aids Behav. 2016;20(6):1343-1352.

Giannou FK, Tsiara CG, Nikolopoulos GK, et al. Condom effectiveness in reducing
heterosexual HIV transmission: a systematic review and meta-analysis of studies on HIV
serodiscordant couples. Expert Rev Pharmacoecon Outcomes Res. 2016;16(4):489-499.



https://www.census.gov/data-tools/demo/idb/informationGateway.php
https://www.census.gov/data-tools/demo/idb/informationGateway.php
https://esa.un.org/unpd/wpp/

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Liu HX, Su YY, Zhu L, Xing JN, Wu J, Wang N. Effectiveness of ART and Condom Use for
Prevention of Sexual HIV Transmission in Serodiscordant Couples: A Systematic Review and
Meta-Analysis. Plos One. 2014;9(11).

Weller S, Davis K. Condom effectiveness in reducing heterosexual HIV transmission.
Ugeskrift Laeger. 2002;164(47):5497-5500.

Mosoko JJ, Akam W, Weidle PJ, et al. Retention in an antiretroviral therapy programme
during an era of decreasing drug cost in Limbe, Cameroon. Journal of the International Aids
Society. 2011;14.

Comité National de Lutte Contre le Sida. Le ministere de la sante publique officialise la
gratuite de la prise en charge des patients.
http://www.cnls.cm/actualit%C3%A9s/cameroun-%E2%80%93-vih-sida-le-ministere-de-la-
sante-publique-officialise-la-gratuite-de-la-prise. Accessed 6/09/2019, 2019.

Reniers G, Slaymaker E, Nakiyingi-Miiro J, et al. Mortality trends in the era of antiretroviral
therapy: evidence from the Network for Analysing Longitudinal Population based HIV/AIDS
data on Africa (ALPHA). Aids. 2014;28:5533-5542.

Rodger AJ, Cambiano V, Bruun T. Sexual Activity Without Condoms and Risk of HIV
Transmission in Serodifferent Couples When the HIV-Positive Partner Is Using Suppressive
Antiretroviral Therapy (vol 316, pg 171, 2016). Jama-J Am Med Assoc. 2016;316(19):2048-
2048.

Billong SC, Fokam J, Penda Cl, et al. Predictors of poor retention on antiretroviral therapy as
a major HIV drug resistance early warning indicator in Cameroon: results from a nationwide
systematic random sampling. Bmc Infect Dis. 2016;16(1):678-678.

Fonsah JY, Njamnshi AK, Kouanfack C, et al. Adherence to Antiretroviral Therapy (ART) in
Yaounde-Cameroon: Association with Opportunistic Infections, Depression, ART Regimen
and Side Effects. Plos One. 2017;12(1).

Medang R, Ayangma C, Elang A, Eya M, Dieff M, Socpa A. Implementation of the HIV Test-
and-Treat Strategy in PEPFAR Supported Health Facilities in Yaoundé-Cameroon:
Antiretroviral Side Effects, Retention and Viral Load Suppression Outcomes. Acta Scientific
Nutritional Health. 2019;4(1).

UNAIDS. AIDSInfo web page. http://aidsinfo.unaids.org/. Published 2020. Accessed
14/03/2020, 2020.

Boily MC, Baggaley RF, Wang L, et al. Heterosexual risk of HIV-1 infection per sexual act:
systematic review and meta-analysis of observational studies. Lancet Infect Dis.
2009;9(2):118-129.

Baggaley RF, Owen BN, Silhol R, et al. Does per-act HIV-1 transmission risk through anal sex
vary by gender? An updated systematic review and meta-analysis. American Journal of
Reproductive Immunology. 2018;80(5):e13039.

Hollingsworth TD, Anderson RM, Fraser C. HIV-1 transmission, by stage of infection. J Infect
Dis. 2008;198(5):687-693.

Zwahlen M, Wandel S, Egger M, et al. Duration from seroconversion to eligibility for
antiretroviral therapy and from ART eligibility to death in adult HIV-infected patients from
low and middle-income countries: collaborative analysis of prospective studies. Sex Transm
Infect. 2008;84:131-136.

Aho J, Koushik A, Diakité SL, Loua KM, Nguyen VK, Rashed S. Biological validation of self-
reported condom use among sex workers in Guinea. Aids Behav. 2010;14(6):1287-1293.
Woolf-King SE, Muyindike W, Hobbs MM, et al. Vaginal Prostate Specific Antigen (PSA) Is a
Useful Biomarker of Semen Exposure Among HIV-Infected Ugandan Women. Aids Behav.
2017;21(7):2141-2146.

Orroth KK, Freeman EE, Bakker R, et al. Understanding the differences between contrasting
HIV epidemics in east and west Africa: results from a simulation model of the Four Cities
Study. Sex Transm Infect. 2007;83:15-116.



http://www.cnls.cm/actualit%C3%A9s/cameroun-%E2%80%93-vih-sida-le-ministere-de-la-sante-publique-officialise-la-gratuite-de-la-prise
http://www.cnls.cm/actualit%C3%A9s/cameroun-%E2%80%93-vih-sida-le-ministere-de-la-sante-publique-officialise-la-gratuite-de-la-prise
http://aidsinfo.unaids.org/

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Adair T. Men’s Condom Use in Higher-Risk Sex: Trends and Determinants in Five Sub-Saharan
Countries. 2008.

Papworth E, Grosso A, Ketende S, et al. Examining Risk Factors for HIV and Access to Services
among Female Sex Workers (FSW) and Men Who Haveve Sex with Men (MSM) in Burkina
Faso, Togo and Camereroon. Baltimore, Maryland. 2014.

Roddy RE, Zekeng L, Ryan KA, Tamoufe U, Weir SS, Wong EL. A controlled trial of nonoxynol
9 film to reduce male-to-female transmission of sexually transmitted diseases. N Engl J Med.
1998;339(8):504-510.

Garcia-Calleja J.M, Sam-Abbenyi A., O'Dell V., Bowmans J., Mbouni G., R. S. A review of KABP
studies on AIDS and HIV infection in Cameroon. Bull liais doc - OCEAC. 1993;53:195-199.
Geidelberg L, Mitchell KM, Alary M, et al. A mathematical model impact analysis of a real-life
pre-exposure prophylaxis and treatment-as-prevention study among female sex workers in
Cotonou, Benin. JAIDS Journal of Acquired Immune Deficiency Syndromes. 2021. DOI:
10.1097/QAI1.0000000000002535.

Behanzin L, Diabate S, Minani |, et al. Decline in HIV prevalence among young men in the
general population of Cotonou, Benin, 1998-2008. PLoS One. 2012;7(8):e43818.

Institut National de la Statistique et de I’Analyse Economique (INSAE). Institut National de la
Statistique et de I’Analyse Economique - INSAE/Bénin and ICF International. 2013. Enquéte
Démographique et de Santé du Bénin 2011-2012. Calverton, Maryland, USA: INSAE and ICF
International. 2011.

Alary M, Mukenge-Tshibaka L, Bernier F, et al. Decline in the prevalence of HIV and sexually
transmitted diseases among female sex workers in Cotonou, Benin, 1993-1999. A/DS.
2002;16(3):463-470.

Behanzin L, Diabate S, Minani |, et al. Assessment of HIV-related risky behaviour: a
comparative study of face-to-face interviews and polling booth surveys in the general
population of Cotonou, Benin. Sex Transm Infect. 2013;89(7):595-601.

Behanzin L, Diabate S, Minani |, et al. Decline in the prevalence of HIV and sexually
transmitted infections among female sex workers in Benin over 15 years of targeted
interventions. J Acquir Immune Defic Syndr. 2013;63(1):126-134.

Institut National de la Statistique et de I’Analyse Economique (INSAE). Institut National de |a
Statistique et de I’Analyse Economique - INSAE/Bénin and ORC Macro. 2002. Enquéte
Démographique et de Santé au Bénin 2001. Calverton, Maryland, USA: INSAE/Bénin and ORC
Macro. Available at http://dhsprogram.com/pubs/pdf/FR133/FR133.pdf. 2001.

Institut National de la Statistique et de I’Analyse Economique (INSAE). Institut National de la
Statistique et de I’Analyse Economique - INSAE/Bénin and ICF International. Enquéte
Démographique et de Santé du Bénin 2006. Calverton, Maryland, USA: INSAE and ICF
International. 2006.

Lowndes CM, Alary M, Gnintoungbe CA, et al. Management of sexually transmitted diseases
and HIV prevention in men at high risk: targeting clients and non-paying sexual partners of
female sex workers in Benin. AIDS. 2000;14(16):2523-2534.

Ministry of Health Benin. Enquéte de surveillance de deuxieme génération des IST/VIH/SIDA
au Bénin (ESDG-2012): Camionneurs et Clients des Travailleuses du sexe. 2012.

Ministry of Health Benin. Enquéte de surveillance de deuxieme génération des IST/VIH/SIDA
au Bénin (ESDG-2012): Travailleuses du sexe et Serveuses de bars/restaurants. 2012.
Ministry of Health Benin. Enquéte de surveillance de deuxiéme génération relative aux IST,
VIH et SIDA au Bénin (ESDG-2015): Clients des TS, Camionneurs et Personnes Privées de
Liberté. 2015.

Ministry of Health Benin. Enquéte de surveillance de deuxiéme génération relative aux IST,
VIH et SIDA au Bénin (ESDG-2015): Professionnelles de Sexe & Serveuses de Bar et
Restaurants. 2015.



http://dhsprogram.com/pubs/pdf/FR133/FR133.pdf

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

UNAIDS; Ministry of Health Benin; CNLS. Rapport de suivi de la déclaration de politique sur le
VIH/SIDA au Bénin 2016 (Country progress report, Benin). 2016.

UNAIDS; PNLS. Rapport de suivi de la déclaration de politique sue le VIH/SIDA au Bénin 2010
(Country progress report, Benin). 2010.

Hindmarsh AC, Petzold LR. Algorithms and software for ordinary differential equations and
differential- algebraic equations, Part I: Euler methods and error estimation. Computers in
Physics. 1995;9(1).

Fitzjohn R. "odin": ODE Generation and Integration. github.com/mrc-ide/odin. Published
2019.

"deSolve": Solvers for Initial Value Problems of Differential Equations ('ODE', 'DAE', 'DDE’)
[computer program]. R-project, CRAN; 2019.

Institut National de la statistique et d’analyse économique du Bénin (INSAE). Quatrieme
Recensement Général de la Population et de I’Habitation 2013.

Institut National de la statistique et d’analyse économique du Bénin (INSAE). Recensement
General de la Population et de I'Habitation 3eme Edition. 2002.

Institut National de la statistique et d’analyse économique du Bénin (INSAE). Recensement
General de la Population et de I'Habitation 2eme Edition. 1992.

Institut National de la statistique et d’analyse économique du Bénin (INSAE). Recensement
General de la Population et de I'Habitation 1er Edition. 1979.

UNDP. World Population Prospects: The 2015 revision—key findings and advance tables.
New York, NY: Population Division of the Department of Economic and Social Affairs of the
United Nations Secretariat, 2015 Contract No.: ESA/P/WP.241. 2019.

West Africa HIV/AIDS Epidemiology and Response Synthesis report. 2008.

Lowndes CM, Alary M, Meda H, et al. Role of core and bridging groups in the transmission
dynamics of HIV and STls in Cotonou, Benin, West Africa. Sex Transm Infect.
2002;78(Supplement 1):i69-i77.

Projet Equité en Santé Sexuelle et Santé. Cartographie des Travailleuses de Sexe des
communes de Cotonou, Abomey-Calavi, Séme-Podji et Parakou: Rapport Synthése du
Mapping, Benin, 2013-2014.

Vandepitte J, Lyerla R, Dallabetta G, Crabbe F, Alary M, Buve A. Estimates of the number of
female sex workers in different regions of the world. Sex Transm Infect. 2006;82 Suppl
3:iii18-25.

Diabaté S, Chamberland A, Geraldo N, Tremblay C, Alary M. Gonorrhea, Chlamydia and HIV
incidence among female sex workers in Cotonou, Benin: A longitudinal study. PLOS ONE.
2018;13(5):e0197251.

Badri M, Lawn SD, Wood R. Short-term risk of AIDS or death in people infected with HIV-1
before antiretroviral therapy in South Africa: a longitudinal study. The Lancet.
2006;368(9543):1254-1259.

Bakari M, Urassa W, Mhalu F, Biberfeld G, Pallangyo K, Sandstrom E. Slow progression of
HIV-1 infection in a cohort of antiretroviral naive hotel workers in Dar es Salaam, Tanzania as
defined by their CD4 cell slopes. Scandinavian Journal of Infectious Diseases. 2008;40(5):407-
413.

Wandel S, Egger M, Rangsin R, et al. Duration from seroconversion to eligibility for
antiretroviral therapy and from ART eligibility to death in adult HIV-infected patients from
low and middle-income countries: collaborative analysis of prospective studies. Sex Transm
Infect. 2008;84 Suppl 1:i31-i36.

French N, Mujugira A, Nakiyingi J, Mulder D, Janoff EN, Gilks CF. Immunologic and clinical
stages in HIV-1-infected Ugandan adults are comparable and provide no evidence of rapid
progression but poor survival with advanced disease. JAIDS Journal of Acquired Immune
Deficiency Syndromes. 1999;22(5):509.



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.
110.

111.

112.

113.

Glynn JR, Sonnenberg P, Nelson G, Bester A, Shearer S, Murray J. Survival from HIV-1
seroconversion in Southern Africa: a retrospective cohort study in nearly 2000 gold-miners
over 10 years of follow-up. AIDS. 2007;21(5):625-632.

Lavreys L, Baeten JM, Chohan V, et al. Higher set point plasma viral load and more-severe
acute HIV type 1 (HIV-1) iliness predict mortality among high-risk HIV-1-infected African
Women. Clinical Infectious Diseases. 2006;42(9):1333-1339.

Lawn SD, Myer L, Orrell C, Bekker L-G, Wood R. Early mortality among adults accessing a
community-based antiretroviral service in South Africa: implications for programme design.
AIDS. 2005;19(18):2141-2148.

May M, Wood R, Myer L, et al. CD4+T cell count decreases by ethnicity among untreated
patients with HIV infection in South Africa and Switzerland. The Journal of Infectious
Diseases. 2009;200(11):1729-1735.

Morgan D, Mahe C, Mayanja B, Okongo JM, Lubega R, Whitworth JAG. HIV-1 infection in
rural Africa: is there a difference in median time to AIDS and survival compared with that in
industrialized countries? AIDS. 2002;16(4):597-603.

Pantazis N, Morrison C, Amornkul PN, et al. Differences in HIV natural history among African
and non-African seroconverters in Europe and seroconverters in Sub-Saharan Africa. PLoS
ONE. 2012;7(3):e32369.

Peters PJ, Karita E, Kayitenkore K, et al. HIV-infected Rwandan women have a high frequency
of long-term survival. AIDS. 2007;21(Suppl 6):531-S37.

Schim van der Loeff MF, Jaffar S, Aveika AA, et al. Mortality of HIV-1, HIV-2 and HIV-1/HIV-2
dually infected patients in a clinic-based cohort in The Gambia. AIDS. 2002;16(13):1775-
1783.

Todd J, Glynn JR, Marston M, et al. Time from HIV seroconversion to death: a collaborative
analysis of eight studies in six low and middle-income countries before highly active
antiretroviral therapy. AIDS. 2007;21(Suppl 6):555-S63.

Van der Paal L, Shafer LA, Todd J, Mayanja BN, Whitworth JAG, Grosskurth H. HIV-1 disease
progression and mortality before the introduction of highly active antiretroviral therapy in
rural Uganda. AIDS. 2007;21(Suppl 6):521-S29.

Ministry of Health Benin. "File Active": anonymised database of current female sex workers
on ART in Benin. In: Ministry of Health, Benin; 2017.

Ministry of Health Benin. Rapport de I'audit de la file active des personnes vivant avec le VIH
au Bénin (Audit report). 2017.

Bigot A, I. Zohoun, M. De Bruyere. Premiers cas de seropositivite anti-HIV-1 au Benin. Vol
161987.

The Global HIV/AIDS Program World Bank. West Africa HIV/AIDS Epidemiology and Response
Synthesis: Implications for prevention. 2008.

Boyle Torrey B MM, Way P. Blood donors and AIDS in Africa: The gift relationship revisited.
US Bureau of the Census. 1990.

Ministry of Health Benin. Serology report by department, Benin. 2015.

The UNAIDS Reference Group on Estimates, Modelling and Projections;. Spectrum model.
https://aidsinfo.unaids.org/. Published 2019.

Looker KJ, EImes JAR, Gottlieb SL, et al. Effect of HSV-2 infection on subsequent HIV
acquisition: an updated systematic review and meta-analysis. Lancet Infect Dis.
2017;17(12):1303-1316.

Weiss HA, Buvé A, Robinson NJ, et al. The epidemiology of HSV-2 infection and its
association with HIV infection in four urban African populations. AIDS. 2001;15:597-5108.
Mills E, Cooper C, Anema A, Guyatt G. Male circumcision for the prevention of
heterosexually acquired HIV infection: a meta-analysis of randomized trials involving 11050
men. HIV Medicine. 2008;9(6):332-335.



https://aidsinfo.unaids.org/

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Cohen MS, Chen YQ, McCauley M, et al. Antiretroviral therapy for the prevention of HIV-1
transmission. N Engl J Med. 2016;375(9):830-839.

Keiser O, Taffé P, Zwahlen M, et al. All cause mortality in the Swiss HIV Cohort Study from
1990 to 2001 in comparison with the Swiss population. Aids. 2004;18(13):1835-1843.
Batona G, Gagnon MP, Simonyan DA, Guedou FA, Alary M. Understanding the intention to
undergo regular HIV testing among female sex workers in Benin: a key issue for entry into
HIV care. J Acquir Immune Defic Syndr. 2015;68 Suppl 2:5206-212.

Ekouevi DK, Balestre E, Ba-Gomis F-O, et al. Low retention of HIV-infected patients on
antiretroviral therapy in 11 clinical centres in West Africa. Tropical Medicine & International
Health. 2010;15:34-42.

Ministry of Health Benin P. Politique, normes et procedures pour la prise en charge des
personnes vivant avec le VIH. 2012.

Luis H, Fridayantara WD, Mahariski P, Wignall FS, Irwanto |, Gedela K. Evolving ART crisis for
people living with HIV in Indonesia. Lancet Hiv. 2020;7(6):e384-e385.

The Global Fund. Majority of HIV, TB and Malaria Programs Face Disruptions as a Result of
COVID-19. https://www.theglobalfund.org/en/covid-19/news/2020-06-17-global-fund-
survey-majority-of-hiv-tb-and-malaria-programs-face-disruptions-as-a-result-of-covid-19.
Accessed 04/07/2020, 2020.

World Health Organisation. Disruption in HIV, Hepatitis and STl services due to COVID-19.
Paper presented at: AIDS2020; San Francisco and Oakland, US.

Rewari B, Mangadan-Konath N, Sharma M. Impact of COVID-19 on the global supply chain of
antiretroviral drugs: a rapid survey of Indian manufacturers. WHO South-East Asia Journal of
Public Health. 2020;9(2):126-133.

Ze Meka A. HIV response in the context of the Covid-19 Epidemic in the City of Yaounde,
Cameroon. Paper presented at: Fast-Track Cities 2020; Virtual. Available at:
https://www.iapac.org/files/2020/09/Albert-Zeh-Meka.pdf .

Torres TS, Hoagland B, Bezerra DRB, et al. Impact of COVID-19 Pandemic on Sexual Minority
Populations in Brazil: An Analysis of Social/Racial Disparities in Maintaining Social Distancing
and a Description of Sexual Behavior. Aids Behav. 2020:1-12.

Lamontagne E. COVID-19 pandemic increases socioeconomic vulnerability of LGBTI+
communities and their susceptibility to HIV. Paper presented at: IAS 2020; San Francisco.
Guo W, Weng HL, Bai H, et al. [Quick community survey on the impact of COVID-19 outbreak
for the healthcare of people living with HIV]. Zhonghua Liu Xing Bing Xue Za Zhi.
2020;41(5):662-666.

Rao A, Rucinski K, Jarrett B, et al. Potential interruptions in HIV prevention and treatment
services for gay, bisexual, and other men who have sex with men associated with COVID-19.
medRxiv. 2020:2020.2008.2019.20178285.

République du Cameroun. Rapport Semestriel 2020 Des Activites De Lutte Contre Le VIH, Le
SIDA et Les IST. Yaounde, Cameroon. 2020.

Sanchez TH, Zlotorzynska M, Rai M, Baral SD. Characterizing the Impact of COVID-19 on Men
Who Have Sex with Men Across the United States in April, 2020. Aids Behav. 2020;24(7):1-9.
Santos GM, Ackerman B, Rao A, et al. Economic, Mental Health, HIV Prevention and HIV
Treatment Impacts of COVID-19 and the COVID-19 Response on a Global Sample of
Cisgender Gay Men and Other Men Who Have Sex with Men. Aids Behav. 2020. DOI:
10.1007/s10461-020-02969-0 .

Chow EPF, Hocking JS, Ong JJ, et al. Changing the Use of HIV Pre-exposure Prophylaxis
Among Men Who Have Sex With Men During the COVID-19 Pandemic in Melbourne,
Australia. Open Forum Infectious Diseases. 2020;7(7):0faa275.

Hammoud MA, Maher L, Holt M, et al. Physical distancing due to COVID-19 disrupts sexual
behaviours among gay and bisexual men in Australia: Implications for trends in HIV and
other sexually transmissible infections. J Acquir Immune Defic Syndr. 2020;85(3):309-315.



https://www.theglobalfund.org/en/covid-19/news/2020-06-17-global-fund-survey-majority-of-hiv-tb-and-malaria-programs-face-disruptions-as-a-result-of-covid-19
https://www.theglobalfund.org/en/covid-19/news/2020-06-17-global-fund-survey-majority-of-hiv-tb-and-malaria-programs-face-disruptions-as-a-result-of-covid-19

133.

134.

135.

136.

137.

138.

environnement-afrique.com/. A Abidjan, le coronavirus met les amours a I'épreuve.
https://environnement-afrigue.com/2020/04/16/a-abidjan-le-coronavirus-met-les-amours-
a-lepreuve/. Accessed 29/06/2020, 2020.

Callander D, Meunier E, DeVeau R, et al. Investigating the effects of COVID-19 on global male
sex work populations: a longitudinal study of digital data. Sex Transm Infect. 2020.
CamerounWeb. Durement touchées par le Coronavirus, les prostituées crient leur détresse.
https://www.camerounweb.com/CameroonHomePage/NewsArchive/Durement-touch-es-
par-le-Coronavirus-les-prostitu-es-crient-leur-d-tresse-503050. Accessed 7/07/2020, 2020.
Guedou FA. Rapport sur le volet impact de COVID-19 sur la prévention de VIH : extrait de
I’enquéte évaluative de 'utilisation de I'autotest VIH salivaire chez les TS a Cotonou et
environs. 2020.

UNAIDS. COVID-19 responses must uphold and protect the human rights of sex workers
[press release]. 2020.

CARE Cameroon. Impact of COVID-19 on CHAMP. 2020.



https://environnement-afrique.com/2020/04/16/a-abidjan-le-coronavirus-met-les-amours-a-lepreuve/
https://environnement-afrique.com/2020/04/16/a-abidjan-le-coronavirus-met-les-amours-a-lepreuve/
https://www.camerounweb.com/CameroonHomePage/NewsArchive/Durement-touch-es-par-le-Coronavirus-les-prostitu-es-crient-leur-d-tresse-503050
https://www.camerounweb.com/CameroonHomePage/NewsArchive/Durement-touch-es-par-le-Coronavirus-les-prostitu-es-crient-leur-d-tresse-503050

