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1. Key model differences between Simpact 1.0 and StepSyn 1.0

The Simpact Cyan 1.0 and StepSyn 1.0 modelling frameworks were developed separately. Similarities and
differences between the two modelling frameworks are outlined in Table 1. Models developed with Simpact
Cyan 1.0 and StepSyn 1.0 are both individual-based and both include HIV natural history. While StepSyn
models can also include the natural history of other STIs, Simpact Cyan 1.0 models are restricted to a
generic, constant STI co-factor effect on HIV. Within the StepSyn 1.0 framework, five different STIs (other
than HIV) can be simulated but for the present study, only HSV-2 and HIV were simulated.

Models developed with Simpact Cyan 1.0 and StepSyn 1.0 are both accessible from R, but they differ in
the way they are implemented. While the source code for StepSyn is R code, Simpact Cyan 1.0 is



implemented in C++ with interfaces to Python and R. In this way, Simpact Cyan 1.0 combines the
computational efficiency of C++ with the user-friendliness of R and Python.

Simpact Cyan 1.0 and StepSyn 1.0 also differ in the way the state of the model system is updated and, as a
consequence, in the way stochastic processes are described. StepSyn implements discrete time steps of one
week and updates population, sexual links, and STI states at each time step. Stochastic processes are
implemented through R probability distribution functions which are called in each time step. Simpact Cyan
1.0 implements a continuous-time model and the state of the model system is updated each time an event
happens, and therefore requires the use of hazard functions. The hazard at a certain time point is defined as
the event rate at that particular time point, conditional on model states such as still being alive at that time
point.

An advantage of the continuous-time implementation is that events that happen on different time scales can
be integrated into a single simulation. A disadvantage is that continuous-time models are computationally
more complex, and therefore require a longer simulation time.

Another difference between both modelling frameworks is the way individuals can enter and leave the
population. In Simpact Cyan 1.0, individuals can enter the population by birth, and leave the population by
non-AIDS or AIDS mortality. The mortality events are age-dependent. StepSyn 1.0 is not age-structured;
individuals enter the population by immigration or sexual debut and leave the population by emigration,
AIDS- or non-AlDS age-independent mortality.

An extra option in Simpact Cyan 1.0 that is not implemented in StepSyn 1.0 is pregnhancy. In Simpact Cyan
1.0, women are pregnant between a conception event and a birth event. This means that after a simulation
run, one can measure how many women were pregnant at any given point in time in the simulation.

Formation and break-up of relationships in the sexual network are implemented differently in StepSyn 1.0
and Simpact Cyan 1.0. In Simpact Cyan 1.0, formation and break-up of relationships happen through
formation and dissolution events. The timing of these events is sampled from a probability distribution that
emerges as a result of the hazard function that was specified. In StepSyn, formation and break-up of
relationships is performed each time step, using an individual-specific probability of forming a new
relationship.

An extra option in Simpact Cyan 1.0 that is not currently implemented in StepSyn 1.0 is the simulation of
HIV diagnosis and treatment, including treatment dropout, and the possibility to introduce treatment during
the simulation through a so-called intervention event.

1.1 Simpact Cyan 1.0 sexual network

In Simpact Cyan 1.0, formation and dissolution of relationships in the sexual network are simulated as
discrete events. For man-woman pairs of sexually active persons, formation events are scheduled. When a
formation event is triggered, a sexual relationship is established, and a dissolution event is scheduled. When
the dissolution event is triggered, the relationship ceases to exist. The duration of a relationship is the time
between the formation and dissolution event.

Formation and dissolution events are described by hazards, which determine when the events will happen.
In the description of the hazards, parameters can be included describing the dependence of relationship
formation and dissolution on the number of relationships the person already has, the age of the person and
the preferred age gap between the partners.



In this study, the formation hazard is described by the following formula:

hazard = F X exp(abaseline + anumrel,manpman + anumrel,womanpwoman) (1)
where Pman and Pwoman are the number of partners the man and the woman already have, respectively.

The parameter ap,seiine represents a baseline value for relationship formation (0.1 by default). The
parameters ymyrer man aNd Anymrer woman represent the influence of the number of partners the man and
the woman already have, respectively (0 by default). Decreasing @, ymyret man aNd @pymrer woman decreases
the formation hazard. Therefore these parameters are used to describe the behavioural interventions in this
study (see section 6 of this Supplementary Material).

To avoid that the number of relationships automatically increases with the population size, a normalization
factor F is applied, which roughly divides the hazard by the size of the population.

The dissolution hazard in this study is described by a baseline value «, for relationship dissolution (0.1 by
default): hazard = exp (ay).

In this comparison study, the default settings of Simpact Cyan 1.0 for the formation and dissolution hazard
were applied for the scenarios without behavioural intervention (the developers of Simpact Cyan 1.0 did
not have access to the behavioural data of the city of Yaoundé described in subsection 1.2.1).

Because Simpact Cyan 1.0 keeps track of the history of each individual, we can reconstruct the sexual
network from the model output. The network can be reconstructed at a given time point by including all
relationships a person has at that time point for each person in the population. Furthermore, a cumulative
network over a certain period of interest can be reconstructed, including all relationships between
individuals in the population during that period (e.qg. all relationships people had during the past 12 months).

1.2. StepSyn 1.0 sexual network
1.2.1. Data available for generating the sexual network in StepSyn 1.0

Since StepSyn 1.0 models explore behavioural differences between individuals, behavioural data on the
distribution of the number of non-marital partners in the last 12 months were gathered for Yaoundé during
the development of the StepSyn 1.0 modelling framework. These data were obtained from the surveys of
the 4 Cities Study and provided by the Institute of Tropical Medicine (ITM) in Antwerp, Belgium (Anne
Buvé, unpublished database). These data were used to estimate the parameters of a power-law distribution
to generate the sexual network for the four StepSyn 1.0 models (see section “Models used in this study” in
the Methods section of the main text). This work was performed before the current study.

1.2.2. Generation of the sexual network

Power law distributions (separately for men and women) were fitted to the data on the reported number of
partners in the last 12 months taken from the 4 Cities Study. Each individual is assigned a preferred degree
(number of partners within 12 months) drawn from the appropriate distribution. The individual-specific
preferred degrees (PDi) are translated into probabilities of forming a new short term relationship per week
(PFi), which are governed by the shortage of short links to reach the preferred degree and calculated using
the formula PFi = PDi / (MD + 52), with MD being the mean duration of short term relationships in weeks,
which equals 52 weeks [1]. The probability of break-up of a short link is 1/MD. With these parameters, in
each week, the total male demand for new relationships is higher than the female one, partly because of the
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male-biased sex ratio, and partly because of female underreporting of the number of partners in the survey
that serves as the basis for the distribution used. The extra male demand is uniformly distributed between
the females, a method that is acceptable for modelling purposes in the absence of data on mixing patterns
and life-cycle changes in sexual behaviour [2]. Although the assumption of uniformity can lead to
heterogeneity in female activity being understated, assuming that the extra male demand is distributed only
to the more active women would over-estimate the number of partners of females with high activity, while
leaving the number of partners of females with low activity unchanged [2]. The number of weekly sex acts
in married couples and short-term relationships is calculated by applying two different Poisson distributions
so that their means would be consistent with the values found in the 4 Cities Study for Yaoundé [1,3].

The parameter for the proportion of male pending short links that are fulfilled by females is equal to 1 by
default, which means that all male pending short links are fulfilled. Lowering this parameter decreases the
probability that relationships are formed. Therefore, this parameter was used to describe the behavioural
interventions (see section 6 of this Supplementary Material).

1.3. Simpact Cyan 1.0 HIV natural history
In Simpact Cyan 1.0, an infected person will go through the following HIV stages [7]:

e acute HIV infection of 12 weeks [19] (parameter in Simpact Cyan 1.0: chronicstage.acutestage);

e chronic HIV infection — until 1 year before dying of AIDS [20,21] (parameter in Simpact Cyan 1.0:
agestage.start);

e AIDS stage: 1 year before dying of AIDS until 6 months before dying of AIDS (default);

o final AIDS stage, the person is too ill to be sexually active: 6 months before dying of AIDS until
AIDS-related death (default).

In general, the formula for survival time in Simpact Cyan 1.0 is [7]:

— X
tsurvival = —k x 10
sp

Where V5 is a person’s set point viral load. In this study x = 0 (default), k = 0 (parameter in Simpact Cyan
1.0: mortality.aids.survtime.k) and C = 2 (parameter in Simpact Cyan 1.0: mortality.aids.survtime.C). The
time to AIDS-related death is implemented as the time of infection plus the survival time (here: 2 years, C
=2).

1.4. StepSyn 1.0 HIV natural history

In StepSyn 1.0, the duration of the acute HIV stage in this study is 12 weeks [19] (parameter names in
StepSyn 1.0: hiv.strainl.acute.dur.min and hiv.strainl.acute.dur.max). The minimum time to develop AIDS
after being HIV infected is 2 years [20,22] (parameter name in StepSyn 1.0
hiv.strainl.aids.progr.start.time). The mean time to develop AIDS is 9 years [20,22] (parameter in StepSyn
1.0: hiv.strainl.aids.progr.mean.time). The time to death when having AIDS is 1 year [20,22] (parameter
in StepSyn 1.0: hiv.strainl.aids.dur).



2. Estimation of HIV prevalence in pregnant women in 1997 — interpolation
spline

~
—_ * data
£ @
c 1997,4778
[} —  spline (1997, J
£ o .
=
‘s . interpolated
g <
o)
o
a
Q2
o
c
o
©
> o
o
Q
=
T T

o 4

T T T T T
1990 1992 1994 1996 1998

year

Figure S1. Interpolation spline through the data of Table 2 to obtain the HIV prevalence in 1997 for pregnant women.
The smoothing parameter was determined using Generalized Cross-Validation (GCV). The figure was generated using
R software version 3.6.0. (R Core Team (2019). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/).



3. Calibration of the models

3.1. Overview of Simpact Cyan 1.0 parameters that were fitted to calibration targets

Table S1 gives an overview of the Simpact Cyan 1.0 parameters that were fitted to the calibration targets
in Table 3, together with the initial range ([minimum, maximum]) used for fitting.

Table S1. Overview of the Simpact Cyan 1.0 parameters that were fitted to the calibration targets in Table 3. The last

column indicates in which models these parameters were used (see main text for abbreviations).

parameter definition parameter name initial range models
HIV baseline transmission hazard a hivtransmission.param.a [-3.65, -1.34] all
(annotated by hiv_a in the figures)

HIV transmission hazard - influence of the HIV-infected person  hivtransmission.param.el [0, 1.4] all

(index) being infected with HSV-2

(annotated by hiv_el in the figures)

HIV transmission hazard - influence of the HIV-uninfected person  hivtransmission.param.e2 [0, 1.4] all
(exposed) being infected with HSV-2

(annotated by hiv_e2 in the figures)

HIV transmission hazard — influence of gender hivtransmission.param.fl [0.7,1.4] all
(annotated by hiv_f1 in the figures)

HIV transmission hazard — parameter b in the formula hivtransmission.param.b [-15,-10] Si_VL
hazard = exp (a + bV ¢ + other terms) [7] Si_IO_VL
where

a = baseline transmission hazard (see above)

V = current viral load

HIV transmission hazard — parameter c in the formula hivtransmission.param.c [0.1,0.2] Si_VL
hazard = exp (a + bV ¢ + other terms) [7] Si_IO_VL

where
a = baseline transmission hazard (see above)
V = current viral load

In this study, the HIV transmission hazard in the most detailed model (Si_IO_VL) is given by the following formula :

hazard = exp (a + bV~ + Wfi + etHSV2irectea + €2HSV 2yminfected)

In this formula V is the current viral load of the HIV infected person; W is a binary factor which is 1 if the uninfected person is a woman, and 0 if
the uninfected person is a man; HSV 2, fecreq iS @ binary factor which is 1 if the HIV infected person has HSV-2, and 0 otherwise; HSV 2, fectea
is a binary factor which is 1 if the HIV uninfected person has HSV-2, and 0 otherwise.



3.2. Overview of StepSyn 1.0 parameters that were fitted to calibration targets

Table S2 gives an overview of the StepSyn 1.0 parameters that were fitted to the calibration targets in Table
3, together with the initial range ([minimum, maximum]) used for fitting.

Table S2. Overview of the StepSyn 1.0 parameters that were fitted to the calibration targets in Table 3. The last
column indicates in which models these parameters were used (see main text for abbreviations).

parameter definition parameter name initial range models
HIV baseline probability per sex act hiv.tr.prob.m2f.baseline [0.001, 0.02] all

male to female (m2f)

(annotated by baseline in the figures)

HIV transmission probability — influence  hiv.tr.prob.baseline.f.m.ratio [0.25, 0.5] all

of gender

multiplier for female to male transmission

(f2m)

(annotated by fm_ratio in the figures)

HIV transmission probability - influence  hiv.tr.prob.baseline.mult.hsv2.chronic.index [1, 4] St_Ba

of the HIV-infected person (index) being St_10
infected with HSV-2 (simplified HSV-2

options)

(annotated by hsv2_index in the figures)

HIV transmission probability - influence  hiv.tr.prob.baseline.mult.hsv2.chronic.exposed [1,4] St Ba

of the HIV-uninfected person (exposed) St_10
being infected with HSV-2 (simplified

HSV-2 options)

(annotated by hsv2_exposed in the figures)

HIV transmission probability - influence  hiv.tr.prob.m2f.maleGUD [0.04,0.1] St_RG,
of only the HIV-infected person (index)  hiv.tr.prob.f2m.femaleGUD St_I0_RG
having an ulcerative recurrence of HSV-2  These 2 parameters are assumed to have equal

at the time (full HSV-2 options) values.

HIV transmission probability - influence  hiv.tr.prob.m2f.femaleGUD [0.07,0.1] St_RG,
of only the HIV-uninfected person hiv.tr.prob.f2m.maleGUD St_10_RG
(exposed) having an ulcerative recurrence  These 2 parameters are assumed to have equal

of HSV-2 at the time (full HSV-2 options)  values.

HIV transmission probability — influence  hiv.tr.prob.m2f.bothGUD [0.43,0.5] St_RG,

of both the HIV-infected and the HIV- hiv.tr.prob.f2m.bothGUD St I0_RG

uninfected person having an ulcerative
recurrence of HSV-2 at the time (full
HSV-2 options)

These 2 parameters are assumed to have equal
values.




3.3. Parameter fitting methodology

The parameters for the Simpact Cyan 1.0 models (Table S1) and the StepSyn 1.0 models (Table S2) were
fitted to the calibration targets in Table 3 by applying an iterative active learning approach [8] using the
procedure described in [9] and minimizing the sum of squared relative errors [10] to determine model
performance. The remaining model parameters were drawn from the literature (see section 4 of this
Supplementary Material).

3.3.1. Latin hypercube sampling

For each of the HIV transmission parameters, values were drawn from a uniform distribution, using the
ranges from Table S1 and Table S2. These uniform distributions were used as initial (prior) probability
distributions for the parameters in the parameter fitting procedure. We applied Latin Hypercube Sampling
(LHS) [11] to select 10,000 parameter sets.

3.3.2. Goodness-of-fit (GOF) statistic

To find the values of the HIV transmission parameters most supported by the data in Table 3, we calculate
the sum of squared relative errors [10] for each of the 10,000 parameter combinations.

3.3.3. Statistical evaluation of the model parameters

For the statistical evaluation of the model parameters, we focus on the subset of parameter combinations
corresponding to the top 1% of the lowest values for the GOF statistic. In brief, the parameter fitting
procedure consists of the following steps. First, a parameter wise comparison between the density of the
initial probability distribution of the parameters and the density of the probability distribution of the subset
of parameters corresponding with the top 1% solutions is conducted to determine which parameters are
highly influenced by the data. Second, classification trees and generalized additive models are applied to
determine which patterns of parameter vectors characterize the subspace of the top 1% solutions. Finally,
we apply the Maximal Information Coefficient (MIC) [12] to determine associations between the
parameters in the subspace of the top 1%.

Based on the results of the analyses above, we can narrow the solution space and repeat LHS and the steps
described above several times.

A more detailed description of each step in the parameter fitting methodology, together with examples for
Simpact Cyan 1.0 and StepSyn 1.0 is given below.

The R-scripts that have been used for fitting HIV transmission parameters are available from GitHub:

https://github.com/dmhendrickx/Scripts comparison Simpact StepSyn

3.3.3.1. Univariate explorative analysis — top 1% parameter combinations

To determine which parameters are highly influenced by the data, we compared the (prior) density of the
initial uniform distribution (for the range in Tables S4 and S5) with the (posterior) density of the distribution
of the top 1% parameter combinations for each parameter separately. A more peaked density for the top 1%
parameter combinations indicates a parameter that is more influenced by the data.


https://github.com/dmhendrickx/Scripts_comparison_Simpact_StepSyn

Example 1: Simpact Cyan 1.0 basic model (Si Ba)

If we apply univariate explorative analysis to the 10,000 LHS-generated combinations of parameters for
the Si_Ba model, using the ranges in Table S1, we obtain the smoothed density plots shown in Figure S2.
We observe that the baseline parameter (hiv_a) is the most influenced by the data. The remaining
parameters are equally influenced by the data.
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Figure S2. Simpact Cyan 1.0 basic model (Si_Ba). Overlaid smoothed density plots for the density of the initial
uniform distribution of the parameters (dashed line) and density of the distribution of the top 1% parameter
combinations (solid line). Parameters: hiv_a: HIV baseline transmission hazard a; hiv_f1: HIV transmission hazard —
influence of gender; hiv_el: HIV transmission hazard - influence of the HIV-infected person (index) being infected
with HSV-2; hiv_e2: HIV transmission hazard - influence of the HIV-uninfected person (exposed) being infected with
HSV-2. Figures were generated using R software version 3.6.0. (R Core Team (2019). R: A language and environment
for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/).

A smoothed density plot is a smoothed histogram, e.g. the dashed line in the upper left panel of Figure S2
is a smoothed version of the histogram presented in Figure S3.
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Figure S3. Histogram of the initial distribution of parameter hiv_a and smoothed density (dashed line). The figure
was generated using R software version 3.6.0. (R Core Team (2019). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/).



Example 2: StepSyn 1.0 basic model (St Ba)

If we apply univariate explorative analysis to the 10,000 LHS-generated combinations of parameters for
the St_Ba model, using the ranges in Table S2, we obtain the smoothed density plots shown in Figure S5.
We observe that the baseline parameter (baseline) is the most influenced by the data. The remaining
parameters are equally influenced by the data.

400 -
300-

200 -

density

100-

0.005 0.010 0.015 0.020 1
baseline hsv2_index

N -
[
B

1 1 1 1 1 1 1 1 1 1
0.25 0.30 0.35 0.40 0.45 0.50 1 2 3 4
fm_ratio hsv2_exposed

Figure S4. StepSyn 1.0 basic model (St_Ba). Overlaid smoothed density plots for the density of the initial uniform
distribution of the parameters (dashed line) and density of the distribution of the top 1% parameter combinations (solid
line). Parameters: baseline: HIV baseline probability per sex act; fm_ratio: HIV transmission probability — influence
of gender; hsv2_index: HIV transmission probability - influence of the HIV-infected person (index) being infected
with HSV-2 (simplified HSV-2 options); hsv2_exposed: HIV transmission probability - influence of the HIV-
uninfected person (exposed) being infected with HSV-2 (simplified HSV-2 options). Figures were generated using R
software version 3.6.0. (R Core Team (2019). R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/).

3.3.3.2. Activity region finder - top 1% parameter combinations

To determine which patterns of parameter vectors characterize the subspace of top 1% solutions, we applied
Activity Region Finder (ARF)[13], a recursive partitioning classification tree algorithm. We consider each
of the 10,000 parameter vectors generated by LHS as input, and the binary variable that equals 1 for a
parameter combination in the top 1% and 0 otherwise as output.

Example 1: Simpact Cyan 1.0 basic model (Si_Ba)

If we applied ARF to the 10,000 LHS-generated combinations of parameters for the Si_Ba model using the
ranges in Table S1, we observed that the baseline parameter (hiv_a) is responsible for the first split of the
tree, followed by splits using the influence of HIV-uninfected person (exposed) being infected with HSV-
2 (hiv_e2) (left and middle branch of the tree) and the influence of gender (hiv_f1) (right branch of the
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tree). In total 7 regions were classified as significant high activity regions (= regions associated with a low
sum of squared relative errors), see Table S3.

Table S3. Simpact Cyan 1.0 basic model (Si_Ba). Parameter regions classified as high activity regions by ARF.
Parameters: baseline: HIV baseline probability per sex act; fm_ratio: HIV transmission probability — influence of
gender; hsv2_index: HIV transmission probability - influence of the HIV-infected person (index) being infected with
HSV-2 (simplified HSV-2 options); hsv2_exposed: HIV transmission probability - influence of the HIV-uninfected
person (exposed) being infected with HSV-2 (simplified HSV-2 options). L = left branch; M = middle branch; R =
right branch.

Region Parameter ranges
M hiv_a in [-3.0503,-2.2737]
MRM hiv_ain [-3.0503,-2.2737]; hiv_e2 in [1.2851,1.3999]; hiv_el in [0.4607,0.6832]

MLRM hiv_a in [-3.0503,-2.2737]; hiv_e2 in [5e-04,1.2638]; hiv_el in [1.256,1.3997]; hiv_f1 in [1.0051,1.1011]
MLLLM hiv_ain [-2.2953,-2.2737]; hiv_e2 in [5e-04,1.2638]; hiv_el in [0,0.8981]

MLLRM hiv_a in [-3.0503,-2.2737]; hiv_e2 in [5e-04,1.2638]; hiv_el in [1.0294,1.0465]

MLLLLM  hiv_ain [-3.0503,-2.2954]; hiv_e2 in [5e-04,1.2638]; hiv_e1 in [0.7001,0.8669]

MLLRRM  hiv_ain[-3.0503,-2.2737]; hiv_e2 in [0.4281,0.596]; hiv_el in [1.0472,1.2286]

Example 2: StepSyn 1.0 basic model (St Ba)

If we applied ARF to the 10,000 LHS-generated combinations of parameters for the St_Ba model using the
ranges in Table S2, we observed that the baseline parameter (baseline) is responsible for the first two splits
of the tree, followed by splits using the influence of HIV-uninfected person (exposed) being infected with
HSV-2 (hsv2_exposed) (middle left and middle right branch of the tree) and the influence of gender
(fm_ratio) (right middle branch of the tree). In total 7 regions were classified as significant high activity
regions (= regions associated with a low sum of squared relative errors), see Table S4.

Table S4. StepSyn 1.0 basic model (St_Ba). Parameter regions classified as high activity regions by ARF. Parameters:
baseline: HIV baseline probability per sex act; fm_ratio: HIV transmission probability — influence of gender;
hsv2_index: HIV transmission probability - influence of the HIV-infected person (index) being infected with HSV-2
(simplified HSV-2 options); hsv2_exposed: HIV transmission probability - influence of the HIV-uninfected person
(exposed) being infected with HSV-2 (simplified HSV-2 options). L = left branch; M = middle branch; R = right
branch.

Region Parameter ranges

M baseline in [0.002297,0.004016]

RM baseline in [0.004072,0.005759]

MRM baseline in [0.003565,0.004016]

RMM baseline in [0.004072,0.005759]; fm_ratio in [0.26116,0.26569]

MLMM baseline in [0.002851,0.0030826]; hsv2_exposed in [2.941,3.939]

MLLLM baseline in [0.0023,0.003186]; hsv2_exposed in [1.0087,2.9393]; fm_ratio in [0.3742,0.3945]

RMRMM baseline in [0.004072,0.005759]; fm_ratio in [0.266,0.4998]; hsv2_index in [1.317,1.8496];
hsv2_exposed in [1.4206,1.795]

3.3.3.3. Generalized additive models - top 1% parameter combinations

As a second method to determine which patterns of parameter vectors characterize the subspace of top 1%
solutions, we applied generalized additive models (GAM)[14] considering the same input and output
variables as used with ARF.
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For selecting the tuning parameter of the GAM, we consider both the Akaike Information Criterion
(AIC)[15] and the Bayesian Information Criterion (BIC)[16].

Example 1: Simpact Cyan 1.0 basic model (Si Ba)

If we applied GAM to the 10,000 LHS-generated combinations of parameters for the Si_Ba model using
the ranges in Table S1, the models with tuning parameter 1 and 10 had the lowest AIC and BIC respectively,
see Figure S5.
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Figure S5. Simpact Cyan 1.0 basic model (Si_Ba). Selection of the tuning parameter for the GAM based on AIC and
BIC. Scale.exponent = 10log(tuning parameter). Figures were generated using R software version 3.6.0. (R Core Team
(2019). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/).

The figures for both GAMs (Figures S6 and S7) show that intermediate values of the baseline parameter
(hiv_a) are associated with a higher probability of obtaining a low relative sum of squared errors than low
and high values. For the influence of the HIV-infected person (index) being infected with HSV-2 (hiv_el)
and the influence of the HIV-uninfected person (exposed) being infected with HSV-2 (hiv_e2), the
probability of obtaining a low relative sum of squared errors increases with the parameter value.
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Figure S6. Simpact Cyan 1.0 basic model (Si_Ba). Results of the generalized additive model, with the tuning
parameter selected by AIC. Predicted probabilities of a low relative sum of squared errors (RSSE) for 10,000 LHS-
generated combinations of Simpact Cyan 1.0 parameters using the ranges in Table S1. Parameters: hiv_a: HIV baseline
transmission hazard a; hiv_f1: HIV transmission hazard — influence of gender; hiv_el: HIV transmission hazard -
influence of the HIV-infected person (index) being infected with HSV-2; hiv_e2: HIV transmission hazard - influence
of the HIV-uninfected person (exposed) being infected with HSV-2. Figures were generated using R software version
3.6.0. (R Core Team (2019). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/).
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Figure S7. Simpact Cyan 1.0 basic model (Si_Ba). Results of the generalized additive model, with tuning parameter
selected by BIC. Predicted probabilities of low relative sum of squared errors (RSSE) for 10,000 LHS-generated
combinations of Simpact Cyan 1.0 parameters using the ranges in Table S1. Parameters: hiv_a: HIV baseline
transmission hazard a; hiv_f1: HIV transmission hazard — influence of gender; hiv_el: HIV transmission hazard -
influence of the HIV-infected person (index) being infected with HSV-2; hiv_e2: HIV transmission hazard - influence
of the HIV-uninfected person (exposed) being infected with HSV-2. Figures were generated using R software version
3.6.0. (R Core Team (2019). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/).
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Example 2: StepSyn 1.0 basic model (St Ba)

If we applied GAM to the 10,000 LHS-generated combinations of parameters for the St_Ba model using
the ranges in Table S2, the models with tuning parameter 1 and 10 had the lowest AIC and BIC respectively,
see Figure S8.
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Figure S8. StepSyn 1.0 basic model (St_Ba). Selection of the tuning parameter for the GAM based on AIC and BIC.
Scale.exponent = 10log(tuning parameter). Figures were generated using R software version 3.6.0. (R Core Team
(2019). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/).

The figures for both GAMs (Figures S9 and S10) show that low values of the baseline parameter are
associated with a higher probability of obtaining a low relative sum of squared errors than intermediate and
high values. For the influence of gender (fm_ratio) and influence of the HIV-infected person (index) being
infected with HSV-2 (hsv2_index), the probability of obtaining a low relative sum of squared errors
increases with the parameter value.
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Figure S9. StepSyn 1.0 basic model (St_Ba). Results of the generalized additive model, with tuning parameter selected
by AIC. Predicted probabilities of low relative sum of squared errors (RSSE) for 10,000 LHS-generated combinations
of StepSyn 1.0 parameters using the ranges in Table S2. Parameters: baseline: HIV baseline probability per sex act;
fm_ratio: HIV transmission probability — influence of gender; hsv2_index: HIV transmission probability - influence
of the HIV-infected person (index) being infected with HSV-2 (simplified HSV-2 options); hsv2_exposed: HIV
transmission probability - influence of the HIV-uninfected person (exposed) being infected with HSV-2 (simplified
HSV-2 options). Figures were generated using R software version 3.6.0. (R Core Team (2019). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-
project.org/).
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Figure S10. StepSyn 1.0 basic model (St_Ba). Results of the generalized additive model, with tuning parameter
selected by BIC. Predicted probabilities of low relative sum of squared errors (RSSE) for 10,000 LHS-generated
combinations of StepSyn 1.0 parameters using the ranges in Table S2. Parameters: baseline: HIV baseline probability
per sex act; fm_ratio: HIV transmission probability — influence of gender; hsv2_index: HIV transmission probability
- influence of the HIV-infected person (index) being infected with HSV-2 (simplified HSV-2 options); hsv2_exposed:
HIV transmission probability - influence of the HIV-uninfected person (exposed) being infected with HSV-2
(simplified HSV-2 options). Figures were generated using R software version 3.6.0. (R Core Team (2019). R: A
language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).

3.3.3.4. Maximal Information Coefficient - top 1% parameter combinations

To determine associations between the parameters within the subset of the top 1% parameter combinations,
we applied the Maximal Information Coefficient (MIC)[12].

Example 1: Simpact Cyan 1.0 basic model (Si_Ba)

Table S5 shows the results for the top 1% of 10,000 LHS-generated combinations of parameters for the
Si_Ba model using the ranges in Table S1. We observed the highest value of the MIC for the association
between the baseline parameter (hiv_a) and the parameter for the influence of the HIV-uninfected person
being infected with HSV-2 (hiv_e2). The second highest value of the MIC was observed for the association
between the baseline parameter (hiv_a) and the parameter for the influence of the HIV-infected person
being infected with HSV-2 (hiv_el). Figure S11 shows that both associations are negative. All other
associations had a MIC smaller than 0.35.
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Table S5. Simpact Cyan 1.0 basic model (Si_Ba). MIC for the top 1% of 10,000 LHS-generated combinations of
Simpact Cyan 1.0 parameters using the ranges in Table S1. Parameters: hiv_a: HIV baseline transmission hazard a;
hiv_f1: HIV transmission hazard — influence of gender; hiv_el: HIV transmission hazard - influence of the HIV-
infected person (index) being infected with HSV-2; hiv_e2: HIV transmission hazard - influence of the HIV-

uninfected person (exposed) being infected with HSV-2.

parameter 1 parameter2  MIC
hiv_a hiv_el 0.390463
hiv_a hiv_e2 0.486962
hiv_a hiv_f1 0.3227297
hiv_el hiv_e2 0.2094048
hiv_el hiv_fl 0.287366
hiv_e2 hiv_f1 0.2704736
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Figure S11. Simpact Cyan 1.0 basic model (Si_Ba). Left: hiv_el vs. hiv_a for the top 1% parameter combinations.
Right: hiv_e2 vs. hiv_a. 1pc: top 1% solutions. Parameters: hiv_a: HIV baseline transmission hazard a; hiv_el: HIV
transmission hazard - influence of the HIV-infected person (index) being infected with HSV-2; hiv_e2: HIV
transmission hazard - influence of the HIV-uninfected person (exposed) being infected with HSV-2. Figures were
generated using R software version 3.6.0. (R Core Team (2019). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/).

Example 2: StepSyn 1.0 basic model (St Ba)

Table S6 shows the results for the top 1% of 10,000 LHS-generated combinations of parameters for the
St_Ba model using the ranges in Table S2. The results show that all associations had a MIC smaller than
0.3.

Table S6. StepSyn 1.0 basic model (St_Ba). MIC for the top 1% of 10,000 LHS-generated combinations of StepSyn
1.0 parameters using the ranges in Table S2. Parameters: baseline: HIV baseline probability per sex act; fm_ratio:
HIV transmission probability — influence of gender; hsv2_index: HIV transmission probability - influence of the HIV-
infected person (index) being infected with HSV-2 (simplified HSV-2 options); hsv2_exposed: HIV transmission
probability - influence of the HIV-uninfected person (exposed) being infected with HSV-2 (simplified HSV-2
options).

parameter 1 parameter 2 MIC
baseline fmratio 0

baseline hsv2_index 0

baseline hsv2_exposed 0

fmratio hsv2_index 0.2062702
fmratio hsv2_exposed  0.1976175
hsv2 index  hsv2 exposed 0.2626614
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3.3.4. Active learning

From the results of the statistical evaluation of the parameters described in 3.3.3, we determine new ranges
for the parameters and repeat the steps described in 3.3.1, 3.3.2 and 3.3.3. We repeat this several times until
the solution cannot be improved anymore.

This approach is called iterative active learning [8]. In most cases, 3-4 iterations are sufficient to determine
the final solution for the parameters.

In our study, the new ranges for the parameters were chosen so that they include

- the parameter combination with the lowest RSSE

- the significant high activity regions determined by ARF

- results from GAM (only in case they define smaller intervals for some parameters than ARF)

Example 1: Simpact Cyan 1.0 basic model (Si_Ba)

Table S7 shows how we determined the parameter ranges for the Si_Ba model for the second iteration in
the active learning approach.

Table S7. Simpact Cyan 1.0 basic model (Si_Ba). Selecting of a new range of Simpact Cyan 1.0 parameters from the
results in subsection 3.3.3. Parameters: hiv_a: HIV baseline transmission hazard a; hiv_f1: HIV transmission hazard
— influence of gender; hiv_el: HIV transmission hazard - influence of the HIV-infected person (index) being infected
with HSV-2; hiv_e2: HIV transmission hazard - influence of the HIV-uninfected person (exposed) being infected with
HSV-2. RSSE = relative sum of squared errors; ARF = activity region finder.

Parameter Solution  with lowest ARF New range
RSSE

hiv_a -2.864607 [-3.06, -2.27] [-3.06, -2.27]

hiv_fl 1.382483 [1,1.11] [1,1.4]

hiv_el 1.286708 [0,1.4] [0,1.4]

hiv_e2 0.994065 [0, 1.4] [0,1.4]

Example 2: StepSyn 1.0 basic model (St Ba)

Table S8 shows how we determined the parameter ranges for the St_Ba model for the second iteration in
the active learning approach.

Table S8. StepSyn 1.0 basic model (St_Ba). Selecting of a new range of StepSyn 1.0 parameters from the results in
subsection 3.3.3. Parameters: baseline: HIV baseline probability per sex act; fm_ratio: HIV transmission probability
— influence of gender; hsv2_index: HIV transmission probability - influence of the HIV-infected person (index) being
infected with HSV-2 (simplified HSV-2 options); hsv2_exposed: HIV transmission probability - influence of the HIV-
uninfected person (exposed) being infected with HSV-2 (simplified HSV-2 options). RSSE = relative sum of squared
errors; ARF = activity region finder.

Parameter Solution with lowest ARF New range
RSSE

baseline 0.004534496 [0.002, 0.006] [0.002, 0.006]

fm_ratio 0.383881350 [0.26, 0.50] [0.26, 0.50]

hsv2_index 1.778933848 [1.31, 1.85] [1.31, 1.85]

hsv2_exposed 1.795042948 [1,4] [1, 4]
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Determination of final parameters

Table S9 shows that both for the Simpact Cyan 1.0 basic model (Si_Ba) and the StepSyn 1.0 basic model
(St_Ba), we could determine the final parameters (see Supplementary Material, section 4) after three
iterations of active learning (the parameters corresponding with the lowest RSSE in iteration 2).

Table S9. Lowest RSSE for Simpact Cyan 1.0 basic model (Si_Ba) and StepSyn 1.0 basic model (St_Ba) for three
iterations of active learning.

Iteration Simpact Cyan 1.0 - Lowest RSSE StepSyn — Lowest RSSE
1 1.279048 1.291408

2 1.184201 (best) 0.9940927 (best)

3 1.21711 1.34732

4. Estimated and other key model parameters

4.1. Simpact Cyan 1.0 basic model (Si_Ba)

Table S10. Estimated and other key model parameters for the Simpact Cyan 1.0 basic model (Si_Ba).

parameter definition parameter name parameter source / reference
value

HIV baseline transmission hazard a hivtransmission.param.a -3.01 estimated in this study

HIV transmission hazard - influence of  hivtransmission.param.el 0.89 estimated in this study

the HIV-infected person (index) being
infected with HSV-2

HIV transmission hazard - influence of  hivtransmission.param.e2 1.37 estimated in this study
the HIV-uninfected person (exposed)
being infected with HSV-2

HIV transmission hazard — influence of  hivtransmission.param.fl 131 estimated in this study
gender
HSV-2 baseline transmission hazard* person.hsv2.a.dist.fixed.value  -2.55 estimated in this study, so that the seroprevalence of

HSV-2 first increases and afterwards stabilizes at
approximately 50% for females [17]

* Transmission probability from the literature converted to a transmission hazard using the procedure described in Supplementary Material,
subsection 4.11.
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4.2. Simpact Cyan 1.0 model with inflow and outflow (Si_lO).

Table S11. Estimated and other key model parameters for the Simpact Cyan 1.0 model with inflow and outflow

(Si_lO).
parameter definition parameter name parameter  source / reference
value

HIV baseline transmission hazard a hivtransmission.param.a -2.29 estimated in this study

HIV transmission hazard - influence of the hivtransmission.param.el 1.03 estimated in this study

HIV-infected person (index) being infected

with HSV-2

HIV transmission hazard - influence of the hivtransmission.param.e2 1.22 estimated in this study

HIV-uninfected person (exposed) being

infected with HSV-2

HIV transmission hazard — influence of hivtransmission.param.fl 0.97 estimated in this study

gender

HSV-2 baseline transmission hazard* person.hsv2.a.dist.fixed.value -1.5 estimated in this study, so that the
seroprevalence of HSV-2 first increases
and afterwards stabilizes at
approximately 50% for females [17]

non-AIDS mortality — shape parameter for  mortality.normal.weibull.shape 1.8 estimated from population pyramid

Weibull distribution Yaoundé [18]

non-AIDS mortality — scale parameter for  mortality.normal.weibull.scale 52 estimated from population pyramid

Weibull distribution Yaoundé [18]

non-AIDS mortality — influence of gender -  mortality.normal.weibull.genderdiff 2 estimated from population pyramid

for a woman, half this value is added to the
scale parameter of the Weibull distribution.
For a man, the same amount is subtracted.

Yaoundé [18]

* Transmission probability from the literature converted to a transmission hazard using the procedure described in Supplementary Material,

subsection 4.11.
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4.3. Simpact Cyan 1.0 model implementing viral load (Si_VL).

Table S12. Estimated and other key model parameters for the Simpact Cyan 1.0 model implementing viral load
(Si_VL).

parameter definition parameter name parameter source / reference
value

HIV baseline transmission hazard a hivtransmission.param.a -1.65 estimated in this study

HIV transmission hazard — parameter b hivtransmission.param.b -12.49 estimated in this study

in the formula

hazard = exp (a + bV =) [7]

where

a = baseline transmission hazard (see
above)

V = current viral load

HIV transmission hazard — parameter ¢ hivtransmission.param.c 0.20 estimated in this study
in the formula

hazard = exp (a + bV =) [7]

where

a = baseline transmission hazard (see

above)

V = current viral load

HIV transmission hazard - influence of  hivtransmission.param.el 131 estimated in this study
the HIV-infected person (index) being
infected with HSV-2

HIV transmission hazard - influence of  hivtransmission.param.e2 1.32 estimated in this study
the HIV-uninfected person (exposed)
being infected with HSV-2

HIV transmission hazard — influence of  hivtransmission.param.fl 1.20 estimated in this study
gender
HSV-2 baseline transmission hazard* person.hsv2.a.dist.fixed.value  -2.55 estimated in this study, so that the seroprevalence of

HSV-2 first increases and afterwards stabilizes at
approximately 50% for females [17]

* Transmission probability from the literature converted to a transmission hazard using the procedure described in Supplementary Material,
subsection 4.11.
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4.4. Simpact Cyan 1.0 model implementing inflow, outflow and viral load (Si_IO_VL).

Table S13. Estimated and other key model parameters for the Simpact Cyan 1.0 model implementing inflow, outflow

and viral load (Si_IO_VL).

parameter definition parameter name parameter source / reference
value

HIV baseline transmission hazard a hivtransmission.param.a -1.59 estimated in this study

HIV transmission hazard — parameter b in  hivtransmission.param.b -10.66 estimated in this study

the formula

hazard = exp (a + bV =) [7]

where

a = baseline transmission hazard (see above)

V = current viral load

HIV transmission hazard — parameter c inthe  hivtransmission.param.c 0.29 estimated in this study

formula

hazard = exp (a + bV~°) [7]

where

a = baseline transmission hazard (see above)

V = current viral load

HIV transmission hazard - influence of the  hivtransmission.param.el 111 estimated in this study

HIV-infected person (index) being infected

with HSV-2

HIV transmission hazard - influence of the hivtransmission.param.e2 0.98 estimated in this study

HIV-uninfected person (exposed) being

infected with HSV-2

HIV transmission hazard — influence of hivtransmission.param.fl 0.89 estimated in this study

gender

HSV-2 baseline transmission hazard* person.hsv2.a.dist.fixed.value -1.5 estimated in this study, so that the
seroprevalence of HSV-2 first
increases and afterwards stabilizes at
approximately 50% for females [17]

non-AIDS mortality — shape parameter for mortality.normal.weibull.shape 1.8 estimated from population pyramid

Weibull distribution Yaoundé [18]

non-AIDS mortality — scale parameter for mortality.normal.weibull.scale 52 estimated from population pyramid

Weibull distribution Yaoundé [18]

non-AIDS mortality — influence of gender - mortality.normal.weibull.genderdiff 2 estimated from population pyramid

for a woman, half this value is added to the
scale parameter of the Weibull distribution.
For a man, the same amount is subtracted.

Yaoundé [18]

* Transmission probability from the literature converted to a transmission hazard using the procedure described in Supplementary Material,

subsection 4.11.
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4.5. StepSyn 1.0 basic model (St_Ba)

Table S14. Estimated and other key model parameters for the StepSyn 1.0 basic model (St_Ba).

parameter definition parameter name parameter  source / reference
value
HIV baseline probability per sex act  hiv.tr.prob.m2f.baseline 0.0045 estimated in this study
HIV transmission probability —  hiv.tr.prob.baseline.f.m.ratio 0.30 estimated in this study
influence of gender
HIV transmission probability -  hiv.tr.prob.baseline.mult.hsv2.chronic.index 1.37 estimated in this study
influence of the HIV-infected
person (index) being infected with
HSV-2 (simplified HSV-2 options)
HIV transmission probability -  hiv.tr.prob.baseline.mult.hsv2.chronic.exposed  2.64 estimated in this study
influence of the HIV-uninfected
person (exposed) being infected
with HSV-2 (simplified HSV-2
options)
HSV-2  baseline  transmission  hsv2.tr.prob.chronic.m2f 0.003 estimated in this study, so that the
probability  (simplified HSV-2 seroprevalence of HSV-2 first
options) increases and afterwards stabilizes at

approximately 50% for females [17]
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4.6. StepSyn 1.0 model with inflow and outflow (St_IO)

Table S15. Estimated and other key model parameters for the StepSyn 1.0 model with inflow and outflow (St_lO).

parameter definition parameter name parameter  source / reference
value

HIV baseline probability per sex act  hiv.tr.prob.m2f.baseline 0.0068 estimated in this study

HIV transmission probability —  hiv.tr.prob.baseline.f.m.ratio 0.33 estimated in this study

influence of gender

HIV transmission probability -  hiv.tr.prob.baseline.mult.hsv2.chronic.index 1.79 estimated in this study

influence of the HIV-infected

person (index) being infected with

HSV-2 (simplified HSV-2 options)

HIV transmission probability -  hiv.tr.prob.baseline.mult.hsv2.chronic.exposed  1.51 estimated in this study

influence of the HIV-uninfected

person (exposed) being infected

with HSV-2 (simplified HSV-2

options)

HSV-2  baseline  transmission  hsv2.tr.prob.chronic.m2f 0.01 estimated in this study, so that the

probability  (simplified HSV-2 seroprevalence of HSV-2 first

options) increases and afterwards stabilizes at
approximately 50% for females [17]

birth rate natality.rate 0.036 birth rate Cameroon: 3.6%*

(non-AlIDS) mortality rate mortality.rate 0.01 mortality rate Cameroon: 1%*

immigration rate immigration.rate 0.142 popul growth in 1997: 6.8% [4];
assume emigr ~= 10%; gives immigr =
14.2% to obtain growth = 6.8%

emigration rate emigration.rate 0.1 popul growth in 1997: 6.8% [4];

assume emigr ~= 10%; gives immigr =
14.2% to obtain growth = 6.8%

*https://www.indexmundi.com/cameroon/demographics_profile.html
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4.7. StepSyn 1.0 model with the full set of HSV-2 co-factor assumptions (St_RG).

Table S16. Estimated and other key model parameters for the StepSyn 1.0 model with the full set of HSV-2 co-factor
assumptions (St_RG).

parameter definition parameter name parameter  source / reference
value

HIV baseline probability hiv.tr.prob.m2f.baseline 0.0025 estimated in this study

HIV transmission probability — influence of  hiv.tr.prob.baseline.f.m.ratio 0.44 estimated in this study

gender

HIV transmission probability - influence of  hiv.tr.prob.m2f.maleGUD 0.05 estimated in this study

only the HIV-infected person (index havingan  hiv.tr.prob.f2m.femaleGUD

ulcerative recurrence of HSV-2 at the time These 2 parameters are assumed

(full HSV-2 options) to have equal values.

HIV transmission probability - influence of  hiv.tr.prob.m2f.femaleGUD 0.07 estimated in this study

only the HIV-uninfected person (exposed) hiv.tr.prob.f2m.maleGUD

having an ulcerative recurrence of HSV-2 at  These 2 parameters are assumed

the time (full HSV-2 options) to have equal values.

HIV transmission probability — influence of  hiv.tr.prob.m2f.bothGUD 0.46 estimated in this study

both the HIV-infected and the HIV-uninfected  hiv.tr.prob.f2m.bothGUD

person having an ulcerative recurrence of These 2 parameters are assumed

HSV-2 at the time (full HSV-2 options) to have equal values.

HSV-2 baseline transmission probability (full  hsv2.tr.prob.primary.m2f 0.08 estimated in this study, so that the

HSV-2 options)

seroprevalence of HSV-2 first increases
and afterwards stabilizes at
approximately 50% for females [17]
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4.8. StepSyn 1.0 model with inflow, outflow and the full set of HSV-2 co-factor assumptions
(St_IO_RG)

Table S17. Estimated and other key model parameters for the StepSyn 1.0 model with inflow, outflow and the full set
of HSV-2 co-factor assumptions (St_IO_RG).

parameter definition parameter name parameter source / reference
HIV baseline probability hiv.tr.prob.m2f.baseline ga(;g; estimated in this study
HIV transmission probability — influence of  hiv.tr.prob.baseline.f.m.ratio 0.38 estimated in this study
gender

HIV transmission probability - influence of  hiv.tr.prob.m2f.maleGUD 0.06 estimated in this study

only the HIV-infected person (index) having hiv.tr.prob.f2m.femaleGUD
an ulcerative recurrence of HSV-2 at the time  These 2 parameters are assumed
(full HSV-2 options) to have equal values.

HIV transmission probability - influence of  hiv.tr.prob.m2f.femaleGUD 0.08 estimated in this study
only the HIV-uninfected person (exposed) hiv.tr.prob.f2m.maleGUD

having an ulcerative recurrence of HSV-2 at  These 2 parameters are assumed

the time (full HSV-2 options) to have equal values.

HIV transmission probability — influence of  hiv.tr.prob.m2f.bothGUD 0.48 estimated in this study
both the HIV-infected and the HIV-uninfected  hiv.tr.prob.f2m.bothGUD
person having an ulcerative recurrence of These 2 parameters are assumed

HSV-2 at the time (full HSV-2 options) to have equal values.

HSV-2 baseline transmission probability (full  hsv2.tr.prob.primary.m2f 0.18 estimated in this study, so that the

HSV-2 options) seroprevalence of HSV-2 first increases
and afterwards stabilizes at
approximately 50% for females [17]

birth rate natality.rate 0.036 birth rate Cameroon: 3.6%*

(non-AIDS) mortality rate mortality.rate 0.01 mortality rate Cameroon: 1%*

immigration rate immigration.rate 0.142 popul growth in 1997: 6.8% [4]; assume

emigr ~= 10%; gives immigr = 14.2% to
obtain growth = 6.8%

emigration rate emigration.rate 0.1 popul growth in 1997: 6.8% [4]; assume
emigr ~= 10%; gives immigr = 14.2% to
obtain growth = 6.8%

*https://www.indexmundi.com/cameroon/demographics_profile.html
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4.9. Other parameters used in all Simpact Cyan 1.0 models

Table S18. Model parameters used in all Simpact Cyan 1.0 models in this study.

parameter definition

parameter name

parameter value

source / reference

time frame of the simulation (years)

duration acute stage

time to AIDS: time before the AIDS-

related death a person will advance to
the AIDS stage of infection.

time of survival from AIDS

HSV-2 transmission — influence of

gender*

HIV seed in 1980

HSV2 seed in 1980

population.simtime 35
chronicstage.acutestagetime ~ 12/52
aidsstage.start 1
mortality.aids.survtime.k 0
mortality.aids.survtime.C 2
hsv2transmission.hazard.c 0.694
hivseed.amount for fitting:

hsv2seed.fraction

hivseed.amount equal to 0.5% of

the population

stabilization period of 10 years +
1980-2005
12 weeks [19]

1 year [20,21]

survival time = time to AIDS + 1
year [20,22]

[23,24]
leads to an HIV prevalence of

0.6% for males and 1.2% for
females in 1989 (values in Table

100 simulations: seed drawn from  3)

a binomial
probability = 0.005

0.25

distribution  with

[25]

* Transmission probability from the literature converted to a transmission hazard using the procedure described in Supplementary Material,

subsection 4.11.

4.10. Other parameters used in all StepSyn 1.0 models

Table S19. Model parameters used in all StepSyn 1.0 models in this study.

parameter definition

parameter name

parameter value

source / reference

time frame of the
simulation (years)

duration of acute
stage

minimum time to

AIDS
mean time to AIDS

time to death when
having AIDS

HSV-2 transmission —
influence of gender

HIV seed in 1980

HSV2 seed in 1980

years.sim
hiv.strainl.acute.dur.min
hiv.strainl.acute.dur.max

hiv.strainl.aids.progr.start.time

hiv.strainl.aids.progr.mean.time
hiv.strainl.aids.dur

hsv2.tr.prob.f.m.ratio

hiv.seed.strainl.initial.general

hsv2.seed.initial.general

25

12

104

468

52

0.5

0.005

for fitting: constant seed

100 simulations: seed drawn from
a binomial distribution  with
probability = 0.005

0.25

25 years: 1980-2005

12 weeks [19]

AIDS might start after 2 years (104 weeks)
(only ~1% of infected people develop AIDS
in the first 2 years) [20,22]

~9 years (468 weeks) [20,22]

~1 year (52 weeks) [20,22]

[23,24]

leads to an HIV prevalence of 0.6% for
males and 1.2% for females in 1989 (values
in Table 3)

[25]
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4.11. Converting transmission probability parameters to hazard parameters

While in the majority of the literature, and also in StepSyn 1.0, transmission parameters are described as
probabilities, the parameters of Simpact Cyan 1.0 are described in terms of hazards. Transmission
probability parameters were converted to hazard parameters using the following formula [26]:

t

F(t)=1-exp -fk(x)dx

0
where F(t) is the cumulative distribution function and A(x) is the hazard function.
An example of conversion of a transmission probability parameter to a hazard parameter is presented below.
4.11.1. Example

Simpact Cyan 1.0 parameters:

put a = person.hsv2.a.dist.fixed.value and ¢ = hsv2transmission.hazard.c

StepSyn parameters:

hsv2.tr.prob.chronic.m2f corresponds with a + ¢ in Simpact Cyan 1.0

The product hsv2.tr.prob.chronic.m2f * hsv2.tr.prob.f.m.ratio corresponds with a in Simpact Cyan 1.0

Calculation of a

t=1/52 (because Simpact Cyan 1.0 is in years and StepSyn in weeks)

A(X)=exp(a)  (see Simpact Cyan 1.0 documentation)

F(t)=F(1/52)= hsv2.tr.prob.chronic.m2f * hsv2.tr.prob.f.m.ratio = 0.003*0.5 = 0.0015
If we fill in the equation

F(t)=1-exp |- | A(x)dx
/

We get
1/52

0.0015=1—exp|— f exp (a)dx

0
1/52

—0.9985 = —exp [— f exp (a)dx
0

1/52

0.9985 = exp |—exp (a) J dx
0
1

In (0.9985) = —exp (a) "=

—52-1n (0.9985) = exp (a)

a =In(—=52-1n(0.9985)) = —2.550
So person.hsv2.a.dist.fixed.value = -2.550
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Calculation ofa + c
t=1/52 (because Simpact Cyan 1.0 is in years and StepSyn in weeks)
A(X)=exp(a+c) (see Simpact Cyan 1.0 documentation)

F(t)=F(1/52)= hsv2.tr.prob.chronic.m2f = 0.003
1/52

f exp (a + c)dx
0

0.003 =1 —exp [—

In the same way as for a, we get

a+ c=1In(-52-1n(0.997)) = —1.856

¢ =-1.856—-a = —1.856 + 2.550 = 0.694
So hsv2transmission.hazard.c = 0.694

5. Results of model calibration

5.1. Fit to HIV prevalence data (calibration targets)

Figure S12 compares the median HIV prevalence and the range of 100 simulations with the fitted
parameters to the estimated HIV-1 prevalence data for Yaoundé’s men and women in Table 3.
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Figure S12. Median HIV prevalence (in %) of 100 simulations with the fitted parameters (solid line) and range
([minimum,maximum])(shaded area) for the period 1989-1998 (9-18 years into the simulation). The points represent
the estimated HIV-1 prevalence data for Yaoundé’s men and women in Table 3. Models: Si_Ba: Simpact 1.0 basic
model; Si_lO: Simpact 1.0 model with inflow and outflow; Si_VL: Simpact 1.0 model with VL-dependent HIVV
transmission hazard; Si_IO_VL: Simpact 1.0 model with inflow, outflow, VL-dependent HIV transmission hazard;
St_Ba: StepSyn 1.0 basic model; St_10: Stepsyn 1.0 model with inflow and outflow; St RG: StepSyn 1.0 model with
STl life history explicitly modelled; St_IO_RG: StepSyn 1.0 model with inflow, outflow and ST life history explicitly
modelled. Figures were generated using R software version 3.6.0. (R Core Team (2019). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-
project.org/).
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5.2. HSV-2 prevalence curves

Figure S13 shows the median HSV-2 for females and the range of 100 simulations for the period 1980-
2005 for the 8 models.
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Figure S13. Median HSV2 prevalence for females (in %) of 100 simulations with the fitted parameters (solid line)
and range ([minimum,maximum])(shaded area) for the period 1980-2005. Models: Si_Ba: Simpact 1.0 basic model,;
Si_lO: Simpact 1.0 model with inflow and outflow; Si_VL: Simpact 1.0 model with VL-dependent HIV transmission
hazard; Si_1O_VL: Simpact 1.0 model with inflow, outflow, VL-dependent HIV transmission hazard; St_Ba: StepSyn
1.0 basic model; St_I10: Stepsyn 1.0 model with inflow and outflow; St_RG: StepSyn 1.0 model with STI life history
explicitly modelled; St_10_RG: StepSyn 1.0 model with inflow, outflow and STI life history explicitly modelled.
Figures were generated using R software version 3.6.0. (R Core Team (2019). R: A language and environment for
statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/).
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6. Behavioural interventions

For the Simpact Cyan 1.0 models, the parameters describing the weight for the number of relationships a
person already has (a,umrer man @Nd Anyumrer woman IN formula (1) (parameter name in Simpact Cyan 1.0:
formation.hazard.agegap.numrel_man, formation.hazard.agegap.numrel_woman) was changed. For the
StepSyn 1.0 models, we changed the parameter for the proportion of male pending short links (concurrent
unstable relationships) that are fulfilled by females to reach the individual preferred degree (parameter name
in StepSyn 1.0: pending.short.links.fulfilled)(see Supplementary Material, section 1.2.2. for more detail).

Because sexual networks for Simpact Cyan 1.0 and StepSyn 1.0 are generated in different ways, the initial
sexual network before applying interventions was different between Simpact Cyan 1.0 and StepSyn 1.0
models.

Figure S13 shows the distribution of the number of partners at the start of the HIV epidemic for both
Simpact Cyan 1.0 and StepSyn 1.0 in case no intervention was implemented. In Simpact Cyan 1.0 the
parameter for the weight for the number of relationships a person already has is equal to 0. In StepSyn 1.0
the parameter for the proportion of male pending short links that are fulfilled by females is equal to 1.

Simpact - par=0 StepSyn - par=1

00 01 02 03 04 05
00 01 02 03 04 05

e

[
0 1 2 3 4 5 6 7 8 9 10 =10
number of partners number of partners

Figure S14. Distribution of the number of partners for the whole population at the start of the HIV epidemic (HIV
seeding) for a simulation with Simpact Cyan 1.0 (left) and a simulation with StepSyn 1.0 (right). Figures were
generated using R software version 3.6.0. (R Core Team (2019). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/).

We explored different values for the behavioural parameters for Simpact Cyan 1.0 and StepSyn 1.0 to
determine a behavioural intervention that shows similar relative changes in the distribution of the number
of partners. Tables S23 and S24 give a few examples for Simpact Cyan 1.0 and StepSyn 1.0 respectively.

Table S20. Mean, median, 75th percentile and 95th percentile of the distribution of the number of partners for different
values of the parameter for the weight for the number of relationships a person already has in Simpact Cyan 1.0.

parameter value  mean median  75th percentile  95th percentile

0 078 1 1 3
-0.03 078 1 1 2
-0.05 073 1 1 2
-0.09 072 1 1 2
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Table S21. Mean, median, 75th percentile and 95th percentile of the distribution of the number of partners for different
values of the parameter for the proportion of male pending short links that are fulfilled by females in StepSyn 1.0.

parameter value  mean median  75th percentile  95th percentile
1 116 1 2 4
0.7 109 1 2 3
0.4 098 1 1 3
0.1 078 1 1 2

Changing the weight for the number of relationships a person already has from 0 to -0.05 in Simpact Cyan
1.0, and changing the proportion of male pending short links that are fulfilled by females from 1t0 0.7 in
StepSyn 1.0 reduces the mean number of partners by 6% and the 95th percentile with 1, while keeping the

median and the 75th percentile unchanged.

For all models, behavioural interventions also reduced the cumulative HSV-2 incidence (see Table S22).

Table S22. Cumulative HSV-2 incidence for the study period (number of new cases between 1980 and 2005) for
females and males in case of no behavioural intervention, a behavioural intervention implemented in 1990, and lower
promiscuity from 1980 onwards. Median cumulative HSV-2 incidence and range ([minimum,maximum]) of 100

Intervention in 1990

Lower promiscuity from 1980 onwards

Males

Females

Males

Females

Males

simulations.
No intervention

Model Females

Si_Ba 1140 (982 - 1260)
Si_IO 1260 (1100 — 1392)
Si_VL 1189 (1092 — 1358)
Si_I0_VL 1274 (1114 —1448)
St Ba 1021 (944 — 1128)
St_10 1611 (1438 — 1750)
St RG 1331 (1218 — 1438)
St I0_RG 1923 (1614 — 2165)

816 (644 — 994)
931 (772 - 1094)
847 (722 - 1046)
942 (740 - 1142)
704 (648 — 760)
725 (624 — 816)
870 (784 - 1156)

871 (668 — 1014)

1106 (962 — 1290)
1236 (1086 — 1390)
1161 (1020 — 1332)
1231 (1098 — 1368)
962 (885 — 1060)
1357 (1238 — 1523)
1247 (1141 - 1361)

1610 (1448 — 1788)

787 (650 — 1004)
908 (750 — 1060)
823 (668 — 1018)
922 (712 - 1086)
680 (600 — 772)
573 (454 — 653)
828 (742 — 935)

653 (534 — 767)

1039 (904 — 1180)
1182 (994 — 1340)
1100 (914 — 1222)
1176 (1042 — 1330)
856 (759 — 928)
1286 (1138 — 1433)
1080 (968 — 1173)

1528 (1349 — 1756)

729 (612 — 864)
869 (696 — 1026)
763 (632 — 932)
865 (720 — 992)
604 (541 — 690)
526 (425 — 606)
707 (633 - 788)

586 (489 — 745)

Models: Si_Ba: Simpact 1.0 basic model; Si_IO: Simpact 1.0 model with inflow and outflow; Si_VL: Simpact 1.0 model with VVL-dependent HIV
transmission hazard; Si_lO_VL: Simpact 1.0 model with inflow, outflow, VL-dependent HIV transmission hazard; St_Ba: StepSyn 1.0 basic model;
St_lO: Stepsyn 1.0 model with inflow and outflow; St_RG: StepSyn 1.0 model with STI life history explicitly modelled; St_IO_RG: StepSyn 1.0
model with inflow, outflow and STI life history explicitly modelled.
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7. Details HIV cumulative incidence and HIV prevalences

Table S23. Cumulative HIV incidence at the end of the study period (2005) for females and males in case of no
behavioural intervention, a behavioural intervention implemented in 1990, and a lower promiscuity from 1980
onwards. Interventions were implemented as follows. For Simpact Cyan 1.0, the weight for the number of relationships
a person already has (o._(numrel,man) = a_(numrel,woman) in formula (1)) was changed from 0 to -0.05. For StepSyn
1.0, the proportion of male pending shorts links that are fulfilled by females (pending.short.links.fulfilled) was
changed from 1 to 0.7. Median HIV incidence and range ([minimum,maximum]) of 100 simulations. Models

abbreviations as in Figures 2 and 3 of the main text.

No intervention Intervention in 1990 Lower promiscuity from 1980 onwards
Model Females Males Females Males Females Males
Si_Ba 1478 (452 — 2252) | 1050 (294 — 1680) | 1183 (142 — 1832) | 816 (94 —1326) | 832 (316-1608) 543 (204 — 1192)
Si_IO 946 (276 — 1474) 802 (212 - 1222) 822 (360 — 1442) 692 (288-1176) 704 (62 — 1096) 577 (60 — 890)
Si_VL 1694 (566 — 2530) | 1325 (422 —2034) | 1322 (352 —2216) | 979 (268 —1712) | 1097 (102 —2012) | 780 (86 — 1530)
Si_IO_VL | 729 (76 —1374) 605 (80 — 1234) 636 (290-1154) 531 (238 —1022) | 520 (138 —984) 435 (132 - 820)
St_Ba 1634 (495 — 2285) | 939 (260 — 1398) | 1135 (165-1781) | 654 (80 —1037) | 857 (212 —1594) | 492 (107 — 950)
St_IO 1608 (378 — 2519) | 912 (202 —1520) | 950 (184 —1920) | 554 (123 -1116) | 740 (163 —1765) | 402 (92 —970)
St RG 745 (287 —1468) | 488 (205 -972) 577 (133-1097) | 393 (99 — 730) 330 (82 - 644) 224 (58 — 451)
St I0_RG | 1131 (325-1867) | 846 (233 —1441) | 766 (91 — 1444) 573 (77-1095) | 472 (58 — 1174) 341 (41 - 864)
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Figure S15. Prevalence curves for HIV in females from 1980 to 2005. Median HIV prevalence (in %) of 100
simulations and the range ([minimum,maximum]) (shaded area). Red: no intervention implemented; blue: intervention
implemented in 1990; green: lower promiscuity from 1980 onwards. Interventions were implemented as follows. For
Simpact Cyan 1.0, the weight for the number of relationships a person already has (o_(numrel,man) =
o_(numrel,woman) in formula (1)) was changed from 0 to -0.05. For StepSyn 1.0, the proportion of male pending
shorts links fulfilled by females (pending.short.links.fulfilled) was changed from 1 to 0.7. Model abbreviations as in
Fig. 1 of the main text. Figures were generated using R software version 3.6.0. (R Core Team (2019). R: A language

and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).
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Figure S16. Prevalence curves for HIV in males from 1980 to 2005. Median HIV prevalence (in %) of 100
simulations and the range ([minimum,maximum]) (shaded area). Red: no intervention implemented; blue:
intervention implemented in 1990; green: lower promiscuity from 1980 onwards. Interventions were implemented as
follows. For Simpact Cyan 1.0, the weight for the number of relationships a person already has (o._(numrel,man) =
o_(numrel,woman) in formula (1)) was changed from 0 to -0.05. For StepSyn 1.0, the proportion of male pending
shorts links fulfilled by females (pending.short.links.fulfilled) was changed from 1 to 0.7. Model abbreviations as in
Fig. 1 of the main text. Figures were generated using R software version 3.6.0. (R Core Team (2019). R: A language

and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).

35


https://www.r-project.org/)14

30 females-without intervention 30 females-intervention 1990 301 females-lower promiscuity 1980
model
— Si_Ba
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005 ~ - Si_lO
year year year - SiVL
d) e) f) .= Si_lo_VL
20 males-without intervention =2 males-intervention 1990 30 males-lower promiscuity 1980 — St Ba
= = = - - stlo
& & &3
220 220 220 © StRG
W p o] o o
% 5 s - St_IO_RG
o o o
S S 3
(= c c
o o o
g 10 s 10 S 10
o o o
s s s
0 0 0
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
year year year

Figure S17. Prevalence curves for HIV from 1980 to 2005. Left: no behavioural intervention is implemented (a-d);
middle: a behavioural intervention in 1990 is implemented (b-¢); right: lower promiscuity from 1980 onwards is
implemented (c-f). Median HIV prevalence (in %) of 100 simulations. Upper panels: females; lower panels: males.
The behavioural intervention in 1990 and lower promiscuity in 1980 were implemented in the same manner. For
Simpact Cyan 1.0, the weight for the number of relationships a person already has (o_(numrel,man) =
o_(numrel,woman) in formula (1)) was changed from 0 to -0.05. For StepSyn 1.0, the proportion of male pending
shorts links fulfilled by females (pending.short.links.fulfilled) was changed from 1 to 0.7. The black dot represents
the literature value from 27. Model abbreviations as in Fig. 1 of the main text. Figures were generated using R
software version 3.6.0. (R Core Team (2019). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/).
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Figure S18. Decrease in HIV prevalence in case of an intervention in 1990, compared to the scenario without
intervention. Median HIV prevalence (in %) of 100 simulations. Left: females; right: males. Models: Si_Ba: Simpact
1.0 basic model; Si_IO: Simpact 1.0 model with inflow and outflow; Si_VL: Simpact 1.0 model with VL-dependent
HIV transmission hazard; Si_lO_VL: Simpact 1.0 model with inflow, outflow and VL-dependent HIV transmission
hazard; St_Ba: StepSyn 1.0 basic model; St_1O: Stepsyn 1.0 model with inflow and outflow; St RG: StepSyn 1.0
model with STI life history explicitly modelled; St_10_RG: StepSyn 1.0 model with inflow, outflow and STI life
history explicitly modelled. Figures were generated using R software version 3.6.0. (R Core Team (2019). R: A

language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).
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Figure S19. Decrease in HIV prevalence in case of lower promiscuity in 1980, compared to the scenario without
intervention. Median HIV prevalence (in %) of 100 simulations. Left: females; right: males. Models: Si_Ba:
Simpact 1.0 basic model; Si_IO: Simpact 1.0 model with inflow and outflow; Si_VL: Simpact 1.0 model with VL-
dependent HIV transmission hazard; Si_IO_VL.: Simpact 1.0 model with inflow, outflow and VL-dependent HIV
transmission hazard; St_Ba: StepSyn 1.0 basic model; St_10: Stepsyn 1.0 model with inflow and outflow; St RG:
StepSyn 1.0 model with STI life history explicitly modelled; St 10_RG: StepSyn 1.0 model with inflow, outflow
and STI life history explicitly modelled. Figures were generated using R software version 3.6.0. (R Core Team
(2019). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/).
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Table S24. Results for the predicted HIV prevalence in 2004 for females and males in case of no behavioural
intervention, a behavioural intervention implemented in 1990, and a lower promiscuity from 1980 onwards.
Interventions were implemented as follows. For Simpact Cyan 1.0, the weight for the number of relationships a
person already has (o_(numrel,man) = o._(numrel,woman) in formula (1)) was changed from 0 to -0.05. For StepSyn
1.0, the proportion of male pending shorts links fulfilled by females (pending.short.links.fulfilled) was changed from
1to 0.7. Median HIV prevalence (in %) and range ([minimum,maximum]) of 100 simulations. Models abbreviations
as in Table 4 of the main text.

No intervention Intervention in 1990 Lower promiscuity from 1980 onwards

Model Females Males Females Males Females Males

Si_Ba 22.1(6.3-34.5) | 12.1(3.0-19.3) | 16.4 (1.5-26.6) | 9.0 (0.9-15.3) | 10.6 (3.5-22.4) 5.8 (1.9-13.4)
Si_lO 16.2 (4.8-27.5) | 11.0(3.2-19.0) | 13.2(5.6-21.7) | 9.1(4.0-15.1) | 11.2(0.5-17.9) 8.0 (0.4-11.4)
Si_VL 26.0 (7.5-39.6) | 16.2 (4.4-24.2) | 19.2(4.1-33.1) | 11.1(2.5-19.8) | 15.0(0.6-30.1) 8.6 (0.3-18.4)
Si_I0_VL | 11.8(1.0-20.4) | 83(1.1-16.0) | 9.6 (3.4-185) | 6.8(2.4-13.1) | 7.7 (1.8-15.5) 5.7 (1.2-10.8)

St Ba 247 (6.8-35.0) | 11.5(3.1-16.2) | 15.8(2.0-26.0) | 7.5(0.9-12.3) | 11.9 (2.9-22.0) 5.7 (1.2-11.1)
St_10 17.8 (4.7-25.7) | 8.8 (2.2-12.8) 10.2 (2.3-17.8) | 5.1(1.1-8.7) 8.1 (2.0-16.5) 4.0 (1.2-8.5)

St RG 8.5(3.2-16.3) | 4.5(2.0-8.4) 5.9 (1.5-11.8) 3.2(0.8-5.8) 3.4(0.7-7.4) 1.8 (0.4-4.0)

St I0_RG | 11.9(3.9-18.0) | 7.1 (25-11.4) | 7.2(1.3-12.2) | 45(0.8-7.1) 4.8(0.9-9.9) 2.9 (0.7-6.0)

8. Proportion of serodiscordant couples

Table S25. Proportion of serodiscordant couples in 2004 in case of no behavioural intervention, a
behavioural intervention implemented in 1990, and a lower promiscuity from 1980 onwards. Interventions
were implemented as follows. For Simpact Cyan 1.0, the weight for the number of relationships a person
already has (o (numrel,man) = a_(numrel,woman) in formula (1)) was changed from 0 to -0.05. For
StepSyn 1.0, the proportion of male pending shorts links that are fulfilled by females
(pending.short.links.fulfilled) was changed from 1 to 0.7. Median proportion of serodiscordant couples and
range ([minimum,maximum]) of 100 simulations. Models abbreviations as in Figure 1 of the main text.

Model No intervention Intervention in 1990 Lower promiscuity from 1980
onwards

Si_Ba 23.3% (6.0% - 34.7%) 17.2% (1.5% - 27.8%) 11.8% (4.3% - 21.6%)

Si_10 19.3% (3.8% - 32.0%) 16.5% (6.1% - 25.6%) 14.3% (0.4% - 22.7%)

Si VL 26.1% (7.8% - 37.4%) 20.7% (4.5% - 33.6%) 16.2% (0.6% - 29.9%)

Si_10_ VL 15.0% (1.4% - 29.2%) 12.3% (5.3% - 23.7%) 10.6% (2.0% - 20.6%)

St_Ba 8.9% (5.2% - 12.4%) 5.8% (2.9% - 9.5%) 4.3% (0.5% - 8.8%)

St 10 9.3% (3.9% - 12.6%) 6.1% (1.4% - 10.4%) 4.7% (1.4% - 8.9%)

St RG 4.1% (1.1% - 8.3%) 3.1% (0.7% - 5.7%) 1.9% (0.1% - 4.3%)

St_I0_RG 8.2% (1.7% - 12.1%) 5.3% (1.4% - 9.3%) 4.3% (0.8% - 10.9%)
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9. Lifetime number of partners

Estimates from the literature for the lifetime number of partners in Yaoundé were compared with outcomes
from the model simulations. Ferry et al.! reports a median of 3 and 10 lifetime partners for females and
males respectively. The corresponding interquartile ranges (IQR) were 1-5 and 4-21. The 2004
Demographic Health Survey (DHS)? reports a mean lifetime number of partners of 4.3 and 10.2 for females
and males respectively. Both estimates are based on a population of 15-49 years old.

The reported information in Ferry et al. was based on a questionnaire from UNAIDS?, which determined
the lifetime number of partners as the number of partners up to the date participants filled in the
guestionnaire.

If we assume that individuals are equally spread across ages 15-49 years, and that people become sexually
active at the age of 15 years, then the mean period of sexual activity for the population in Ferry et al. and
the 2004 DHS is 17 years.

The models without inflow and outflow assume a population that is sexually active over de whole
simulation period 1980-2005. So the total number of partners during the whole simulation is based on a
period of sexual activity of 25 years (25 years of sexual activity is simulated for all individuals). We
therefore multiply the total number of partners for the models with no inflow and outflow with 17/25.

For the models with inflow and outflow, the period of sexual activity that is modeled varies between 0 and
25 year (depending on when the person enters or leaves the population). This means that the mean period
of sexual activity is 12.5 years if we assume that individuals are equally spread across ages. We correct for
this by multiplying the total number of partners in these models by 17/12.5.

Table S26. Lifetime number of partners reported in the literature and estimated from the models (after
correcting for period of sexual activity). Models abbreviations as in Figure 1 of the main text.

females males
source/model median (IQR) | mean | median (IQR) | mean
Literature: Ferry etal.l, 2004 DHS? | 3(1-5) 4.3 10(4-21) 10.2
Si_Ba 17(15-20) [172 [15(12-17) [ 144
Si 10 15 (7 -21) 148 | 13(6—18) 125
Si VL 19(17-21) | 193 | 16(14-18) [ 161
Si 10 VL 15 (7 -22) 149 | 13(6—18) 13.0
St Ba 21(17-25) | 220 [11(4-21) 185
St 10 10 (4 -20) 14.3 | 13(6-26) 21.8
St RG 21(17-25) [ 219 [11(4-21) 18.3
St 10 RG 10 (4 —20) 142 | 13(4-26) 21.7
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