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S1 Formulation of the model

S1.1 Pair-formation model

We consider a sexually active same-sex population, where new individuals enter the sexually active popu-
lation according to an exponential distribution with rate un and each individual leaves the sexually active
population at rate u. The size of the sexually active population will therefore fluctuate around the value n,
which is assumed to be large. Individuals enter the sexually active population without a steady partner. The
rate at which an individual who is single enters into a partnership is pPy, where Py is the fraction of single
individuals in the population. This means that the higher the fraction of single individuals, the higher the
pair-formation rate. Individuals can have at most one steady partner at a time and the separation rate for
each partnership is denoted o. Therefore, a partnership lasts for an exponential time with mean duration
1/(o +2p).

The partnership network is assumed to be stable, i.e. the proportion of singles remains at Py for all ¢.
We can then express Py (and the proportion P; = 1 — Py of individuals with a partner) in terms of model
parameters [S1]:

Py — V(o +2)(dp+0+2p) — (0 +2) (SL1)

2p

The rate of sexual acts within a partnership is denoted A. Beside steady partners, individuals may have
casual sex partners during steady partnerships as well as during single periods; the rate at which this occurs
depends on the partnership status of the individual under consideration.

Up to this point, the pair-formation model described is the same as in [S2]. The first extension of the
model from [S2] is to allow for individuals to be either low-active or high-active with regards to the number
of casual sex partners. In our application, an individual is assumed to be sexually high-active if they have 15
or more sex partners per year. The fractions of sexually high-active and sexually low-active in the population
are denoted m, and 7, respectively (mp, +m = 1).

Let a; be the rate an individual with activity degree r € {l = low,h = high} and i € {0,1} steady
partners tries to find a casual sex partner with activity degree g € {l = low, h = high} and j € {0,1} steady
partners. For this attempt to succeed the individual must actually meet an individual with activity degree
q and j steady partners, and therefore, the rate of actual casual sex is a:f Pjmy. For example, a single who
is low-active has casual sex with another low-active single at rate al, Py, and with a high-active individual
in a steady partnership at rate aé’iPﬂrh.

S1.2 Model of infection

As explained in the main text, to model an infection on the network we use a so-called STR compartmental
model (for a survey on stochastic STR models see [S3]). Individuals can either be susceptible (S), infectious
in the acute stage (A), infectious in the chronic stage (C), or on ART-treatment (7). The second extension
of the model in [S2] is to allow for these two infectious stages. Once an individual becomes aware of their
infection and starts ART-treatment they are interpreted as immune and can no longer transmit infection.
The average duration of the acute infection stage is 2.9 months (= 0.24 years) [S4]. Hence, an individual
goes from A to C' at rate d, = 1/0.24 years™ 1.

Given an unprotected sexual contact (in our case anal intercourse) between an infectious and susceptible
individual, there is a probability of transmission depending on stage of infection: p4 when in the acute stage
and pc when in the chronic stage. Therefore, the transmission rate for an infectious individual in the acute
stage in a steady partnership with a susceptible individual is p4 A, and the transmission rate in a casual
sexual encounter is pAa:;-I . Note that the probabilities p4 and pc of transmission are for the unprotected
case, in reality some of the intercourses are with condom. Condom use may also differ with steady and
casual sex partners.

The third extension to [S2] is that the time until diagnosis and the beginning of successful ART-treatment
may depend on the degree of sexual activity. A sexually high-active individual is put on ART-treatment at
rate v, and a sexually low-active at rate ;.
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Table S1: Summary of model parameters. The partnership formation model parameters are given in
the first part of the table and the parameters connected to the epidemic in the second part.

Partnership parameters

n average population size
I rate of leaving the sexually active population
p partnership formation rate

o separation rate

A rate of sex acts within a steady partnership
m,  fraction of high-active individuals

M fraction of low-active individuals

13 rate for high-actives to start taking PrEP

:Z;J rate for a r-active individual with ¢ steady partners
to try to have casual sex with a g-active with j steady

partners

Epidemic parameters

pa  probability of infection in one unprotected anal in-
tercourse during the acute infectious stage

pc  probability of infection in one unprotected anal in-
tercourse during the chronic infectious stage

v, ART-treatment rate for high-actives
o] ART-treatment rate for low-actives
vp  ART-treatment rate for high-actives on PrEP

Oa rate of going from acute infection stage to the chronic
stage

The fourth and main extension is to introduce the possibility for a high-active to take PrEP, which
dramatically decreases the probability of getting infected with HIV. The rate a high-active initiate PrEP is
denoted &, and in our model the use of PrEP reduces the per-act probability of infection by 86% [S5]. Note
that the rate £ does not include imperfect PrEP adherence; € is the rate for high-actives to initiate PrEP and
to achieve its protective effect. A high-active on PrEP is tested and, if HIV-positive, put on ART-treatment
at a rate vp = 1/0.24 years~!.

To summarise, the model is captured by 30 parameters (20 free parameters): n, u, p, o, A, P4, DC Oa,
&; the fraction high-actives 7, and the fraction and low-actives m; = 1 — mp,; the 16 parameters a;jq (8 free),
where 7,q € {l,h} and 4,5 € {0,1}; and the three vp, v, and v;, where 7, = 2.349y; as described later
in Section We provide an overview of the notation in Table and an illustration of the model in
Figure Note that, we could instead allow for low-actives, instead of high-actives, to be offered PrEP.
This possibility will be briefly explored to be compared to the effect of targeting HIV high-risk individuals
for a PrEP intervention programme.
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Figure S1: Representation of possible states a low-active (a) and a high-active (b) can be in. Individuals
enter the MSM population as singles into the S compartment. High-actives move to Sp,.gp at a rate £
whereas low-actives can never start to use PrEP. Susceptible individuals who acquire infection move to
the A compartment (acute infection). Individuals in the A compartment can move to the C' compartment
(chronic infection) at rate d, or to the 7' compartment (ART-treatment). The rate an individual moves to
the T compartment is vp for a high-active on PrEP, 3, for a high-active not on PrEP, and ~; for a low-active.
Individuals in the T" compartment stay there until they leave the sexually active population. The rate of
leaving the sexually active population is denoted p.
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S2 Rate of new casual sex partners

From our egocentric data on the sexual behaviour, we can determine if a participant is low-active or high-
active and if he was single or in a steady partnership while having casual sex. It is therefore possible to obtain
an estimate of the rate that an r—active individual with ¢ steady partners finds new casual sex partners, let
us denote this by o', where r € {h = high,! =low} and 7 € {0,1}. These rates (a]’) can be used to express
the different ozq; for different mixing assumptions.

Before we give the equations of the observable «f in terms of the sought oe”7 we will present some
symmetry arguments which reduces the number of free parameters. To begin with, we have 16 different
parameters a;;.’. For symmetry reasons, when disregarding the activity degrees, the total rate in the pop-
ulation at which singles have casual sex with individuals in a partnership needs to equal the rate at which
individuals in partnership have casual sex with singles. Assume that we have a population of size n = ng+nq,
where ng = nPy is the number of individuals without a steady partner and ny; = nP; is the number with a
steady partner. A similar consistency criterion as for the rate of casual contacts disregarding heterogeneity
in activity degree must also hold for the model with two activity degrees: the rate low-active singles (ngm
in the population) have casual sex with high-active singles must equal the rate high-active singles (nom, in
the population) have casual sex with low-active singles, i.e.

lh hl
nomaOOPoﬂh = noﬁhaoopoﬂ—lv

which simplifies to

Ih hl
Qoo = Xgo-

Consistency hence require that

Ih hl lh _ _hl lh _ _hl
Q11 = 031, Q19 = Qpi,  Qpp = A,
and
i 1 hh hh
Qg = Qp1;, Q9 = Qp1
or in one equation:
rq __ _qr
;i =aj;. (52.1)

This reduces the number of free parameters to 10.
Let us now express the rate that an r—active individual with ¢ steady partners finds new casual sex
partners, o, in terms of a;

al = (aPh Py + aPh P))m + (Pl Py + o Py )y,
af. = (afiyPo + affy P)m + (ags Po + affi P, (52.2)
ol = (0‘10P0+O‘1 D™+ (o SLP0+0411 Py)mp
af. = (o Po + ofy Pr)m + (a4 Po + affy Py)my.

This system of equations can later together with a proportionate mixing or complete assortativity assumption
be solved, the solutions can be found in Section and section respectively.

For the case of an assortativity between the proportionate mixing and complete assortativity, we need
further information than the ] provides. With the help of a proxy question on participants’ partners sexual
behaviour (explained in Section , we can additionally estimate more detailed rates than af : the rate
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that an r—active individual with 4 steady partners finds new casual sex partners that are g—active, a;?. The
following hold for these rates

ag! = (agy Po + ag P,
agl = (afpPo + agi P1)m
ag' = (agsPo + afi P,
a%)l (QOOPO + 0401P1)7rl

at! = (aff Po + ol Pr)my,

hl = (a (lJP0+O‘11P1)7rl
Ofl1h = (s Po + i} Pr)mn,

off = (afyPo + oy P)m.

(S2.3)

This gives us 8 equations with 10 unknowns. The data does not provide information on whether a casual
sex partner is single or in a steady partnership. Therefore, we need to make further assumptions concerning
the relation (ratio) between the rate of finding a casual sex partner that are single and the rate of finding a
casual sex partner that are in a steady partnership. Let us consider one high-active individual, we assume
that the rate of casual contact with a high-active in a partnership compared to the rate with a high-active
single, is the same regardless if the considered individual is in a partnership or not, i.e.

hh hh
Qoo _ %10 (S2.4)
ot T bk :
01 11

and similarly, for a low-active individual (finding another low-active)
ol = alllo. (52.5)

o 1
Aoy aqy

However, it turns out that the two equations are linearly dependent, we therefore need one more equation to
be able to solve the system of equations . We make the same kind of assumption but for the case when
a high-active meets a low-active: for a high-active individual, the rate of casual contact with a low-active in
a partnership compared to the rate with a low-active being single is the same regardless if the high-active
individual is in a partnership or not

agé = ol (52.6)

“hi ok
Qo 073

which further implies that 00 = %0,

From the consistency cnterla given in Equation ([S2.1]), Equation ((S2.4))-(S2.6) the system of Equations
(S2.3) can therefore be solved. Let Dy, = my(ad Py + af’ Py), then we can express the rate for a g—active
to try to find a r-active as:

al"a"1
ar — v I S2.7
off = "5 ($2.7)
Note that, by consistency
Dy = Trh(ozglpo +allp) =m (angO +alhP) = Dyy,. (S2.8)

To conclude, the consistency criteria given in Equation (52.1)), that Dy = Dy, together with the as-

sumption given in Equation (S2.4 - [S2.6) implies that we can erte aff as a product:

ar _  ar rq
afi = wlwi, (52.9)
where
qr
;.
wim = —
Dy,
6
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S2.1 Proportionate Mixing with respect to activity degree

Proportionate mixing with respect to activity degree means that an individual has no preference regarding
which type, high or low-active, it has casual sex with. An individual chooses at random of the potential casual
sex attempts in the population. The fraction of potential high-active and low-active casual sex partners will
not only depend on the sizes of the two groups, but also the rates at which they try to find new casual sex
partners. If the sizes of the groups would be equal, someone trying to find a new casual sex partner would by
chance meet a high-active more often since the high-active try to find a new casual sex partner more often
than the low-active. Proportionate mixing then implies that the rate a low-active single has casual sex with
a high-active single will be

aO P07l'h

all Py, = o
P07rl + 0‘0 Py, + al Py + 0‘1 Py,

i.e. the rate a low-active single has casual sex, times the proportion of all casual sex partners that are from
high-active singles. In terms of oyj we have that

-

qr _ _q- @
aij - O‘i» X B h- 1. h-
' og. Pormy + o Py, + o Pymy + o Py,

: . . f o vine impli th _
The expression for a;’; can also be found by using that proportionate mixing implies that w;* = w;* and

wih = wh'. By dropping the second superscript and simply write w} and w/, yields that
o) = wiw;.

This together with the system of equations (S2.2)) gives the above solution for ;.

S2.2 Complete assortativity

Complete assortativity in whom you choose to have casual sex with rogarding activity—dogree implies that
no casual sex occurs between high and low active: a = 0. With Equation (S the system of Equations

in can be written as

af = (o Po + afi P, al = wo h(whh Py + wthl)
ag. = (afyPo + afy Pr)m ab = wO Hw¥ Py + Wl Py)m
ol = (o Py + o Py)my, all _wl " (wg" Py + wi Pr)m,
o = (allyPo + ol Pr)m ol = Wi (Wi Py + Wit Py)my
with the solution
o a;’

N \/CYG:P()ﬂ'T + a’l'jle '
For example, the rate a high-active single finds new casual sex partners that also are high-active, but in a

partnership, becomes

h- h-

oy Pimy . ol Py
alh Py, = whhwM Prmy, = oft x i ! " =al x hlih
oy Py, + o Prmy, oy Py + af Py
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S2.3 Mixing determined by the proxy question

To obtain the different o for the case of an assortativity between the proportionate mixing case and
complete assortativity, we use the 8 different o] estimated from data via the proxy question (see Table
and Equation to get the 16 o', i.e.

ij

T T T i .
= It = LI

o
1, 1
J J qu

S3 Data and parameter estimates

We will here describe the data gathering, calibration of the model and the parameter estimates obtained
from the STI-clinic.

S3.1 Data description

The data used in this study was gathered at a gay-friendly STI-testing clinic in Stockholm, Sweden. Collec-
tion of data took place between February 2 and December 15, 2015. Participants first reported demographic
information and the total number of sex partners during the last 12 months, then the participants were asked
to fill in an app-based timeline follow-back (TLFB) questionnaire.

In the TLFB questionnaire participants were asked to mark up to 10 of their most recent sex partners
on a 12-month timeline. Participants did themselves label their partners into one of four partnership types:
1) casual unknown sex partner, 2) casual known sex partner, 3) regular sex partner (regular sex partner
but not a ’love’ relationship), and 4) main sex partner (a loving relationship, e.g. boyfriend/husband). For
casual sex partners, a partner was represented by a single point on the interactive timeline, and a steady sex
partner was represented by marking the start and end date of the relationship. For each sex partner on the
timeline the participants could report: the partnership type 1) to 4); age of partner; frequency of each sex
type (oral/anal; receptive/insertive); frequency of condom use; if the sex took place in Sweden or abroad;
drug use and transactions in connection to sex with each partner; and if the participant believed the sex
partner had other sex partners concurrently. This last question on concurrency is by us here referred to as
the proxy question (for activity-degree assortativity).

In total 403 participants completed the TLFB questionnaire, giving detailed information on 2112 different
sex partners. However, for a participant to be included in this study the total number of sex partners and
the proxy question need to be answered, as explained in the main manuscript, yielding the data-set of this
study consisting of 368 participants and 1903 partners.

S3.2 Scaling of the rate of finding a new casual sex partner

Participants reported their total number of sex partners during a year. The maximum number of sex partners
of a participant was 250. When dividing the population into a category of high-active (> 15 sex partners
a year) and one category low-active (< 15 sex partners a year), 124 (33.7%) participants are defined as
high-active and 244 (66.3%) are defined as low-active. The mean number of sex partners of high-actives is
33.21 (median 25, sd 32), and the mean number of low-actives is 5.96 (median 5, sd 3.2). The assumption
that only the number of casual sex partners is affected by activity-degree is supported by our data: the mean
number of steady partners for high-actives and low-actives is 1.37 and 1.39 respectively.

Additionally, the participants gave detailed information on their (up to) 10 most recent of these sex
partners. Participants reported what type of partner these 10 most recent sex partners were, either casual
or steady, and the timings of these partners on a timeline. As mentioned, a casual sex partner was reported
as a cross on the timeline representing the date of sex and a steady sex partner was given by the start date
and end date of the relationship. This timeline data is used to estimate, for example, the time until a new
casual sex partner. However, the timeline data only considers data on up to 10 casual sex partners, when
we in fact know that many participants have more than this. We therefore need to scale the rates of finding
a new casual sex partner according to the total number of partners reported by the participants.
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Figure S2: Distribution of steady sex partners of high-actives and low-actives, respectively.

The distribution of the number of steady sex partners of high-actives and low-actives are shown in Figure
as seen the distributions are similar. The mean number of steady sex partners per year of a high-active
is 1.37 (sd 1.38), from which we estimate that the mean number of casual sex partners is u, = 31.84 (total
number - number of steady). The mean number of steady sex partners of a low-active is 1.39 (sd 1.15) and
the mean number of casual sex partners is therefore p; = 4.57. We use up, and p; to scale the rates of finding
casual sex partners, since the detailed data from where timings of casual sex partners was given only include
(up to) the 10 most recent sexual partners. In the detailed data, the mean number of casual sex partners is
5.35 for high-active individuals and 3.12 for low-active individuals. Hence the scaling factor will be up/5.35
for high-active individuals and ;/3.12 for low-active individuals.

Finally, participants reported to have (a mean value of) 1.4 sex acts with each casual sex partner.

S3.3 Time since last HI'V-test

In Table the time since the last HIV-test are shown, indicating that sexually high-active participants
test themselves more often than sexually low-active participants. The rate to successful ART-treatment is
denoted v, and ~; for high-actives and low-actives, respectively. Calculating ML-estimates of the time since
the last HIV-test, assuming an exponential distribution, we find that the testing rate of a high-active is 2.349
higher than the testing rate of a low-active. We will further assume that the same relationship holds for the
time to successful ART-treatment, i.e. the rate of initiating successful ART-treatment for an infected high-
active is 2.349 times higher than the rate of initiating ART-treatment for an infected low-active. Therefore,
we fix v, = 2.3497; such that we only need to vary one of the parameters.

S3.4 Distribution of parameters

The time durations in the model, such as the time until finding a new steady sex partner, are assumed to be
exponential and are hence specified by their rates. With this assumption we calculate a point estimate and
its standard error. In general, if we are looking at something occurring at an exponential rate, a say, then
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Table S2: Time since last HIV-test separated by degree of activity.

High (%) Low (%) b
< 6 mths ago 85 (68.5) | 121 (49.6) | 206
6 to 12 mths ago 20 (16.1) 54 (22.1) | T4
1 to 5 yrs ago 9 (7.3) 35 (14.3) | 44
> 5 yrs ago 0 (0) 11 (4.5) 11
No answer 10 (8.1) 14 (5.7) 24
Do not remember 0 (0) 2 (0.1) 2
S 124 (100) | 244 (100) | 368

the number of events N occurring during a time interval of length ¢ is Poisson distributed with parameter
at (N ~ Poisson(at)). Observing n events during a time ¢ leads to the ML-estimate & = n/t. The variance
of the estimate equal Var (&) = Var (N/t) = Var(N)/t> = «/t, which leads to a standard error of the
estimate of \/d/t.

For example, in calculating the estimate of the rate for a high-active in a steady partnership to find a
high-active casual sex partner, we do as follows: find the total time high-active individuals are in a steady
partnership (77, then find the number of casual sex partners that occur during that time that is with
someone that also is high-active (N}*) and multiply it with the scaling factor from Section (Nt x Ln,
The point estimate is given by & = (N{'" x £2) /T{* and its standard error by s.e.(64") = \/at"/Th.

For the number of occurrences of anal intercourses (Als) in a steady partnership, the participants reported
the number of acts during a 1-month period. Let m be the number of steady partners among all participants

and let a; denote the number of occurrences of Al with partner ¢ = 1,...,m. The estimated rate of Al, in
units of months, is
- 2%1 ai Ym0
Yicil m
and the standard error is
N A
s.e(A) = s

In the data for casual sex partners, it is recorded if a condom was used (1) or not used (0) during
receptive anal intercourse (RAI) and during insertive anal intercourse (IAI). To estimate the condom use
in casual contacts we use a Bernoulli assumption and calculate the mean condom use during RAI and TAI,
respectively. With a Bernoulli assumption we mean that, in each new casual sex act a condom is used with
a probability, p. say, independently of previous sex acts. Then the estimate p. is given by the mean number
times a condom was used. The standard error is given by

se(p) =[P,
n

where n here is the number of observations, i.e. the number of casual sex partners where a binary response
on condom use was given.

For condom use with a steady sex partner, participants could choose from a five-degree scale on how often
a condom was used during RAT and during IAIL: always (100%), often (75%), half of the times (50%), seldom
(25%), and never (0%). Here, the participants did themselves, in a sense, give the mean number of times
they used condom with a partner. Assume the data consist of m such steady partners with corresponding
responses (yY1,...,Ym). The estimated condom use in steady partnerships, ps, is then the mean of the m
reported values on the five-degree scale, and the distribution of p is approximated by the normal distribution

T
bs = EEM ~ N(ps,72/m).
=

10
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Table S3: Estimates of partnership and epidemic parameters.

Partnership parameters from data

Parameter Estimate S.E. Definition

o+ 2u | 1.344/year 0.070  Rate of ending steady partnership
pPo | 2.389/year 0.164 Rate of acquiring new steady partner
A" | 29.793/year  0.837 Rate of sex acts (Al) within steady partnership
ab. | 34.169/year  0.722
bo| 29.227/year  0.707
L. | 5.490/year  0.221
al. | 3.729/year  0.168
&bt | 25.809/year  0.628
apl | 8.360/year  0.357
abh | 23.728/year  0.637
bt | 5.499/year  0.307
| 3.338/year  0.172
| 2.152/year  0.138
& | 2.682/year  0.143
all | 1.046/year  0.089

g7 | 51.9% 2.4%  Condom use steady partner RAI
gt 56.2% 2.3%  Condom use steady partner IAI
%RAI; | 49% - Percentage of steady RAI and TATI acts that are RAI
qfAT | 62.8% 2.5%  Condom use casual partner RAI
AT | 63.1% 2.6%  Condom use casual partner IAI
%RAI. | 52% - Percentage of casual RAI and TAI partners that are RAI

Note Al: anal intercourse; RAIL: receptive anal intercourse; IAI: insertive anal intercourse

Where p; is the true expected value of the condom use in steady partnerships and 7 is the standard deviation
of the condom use. The estimate of 72 is ﬁ i (y; — ps)?. The standard error of the estimated condom

use with steady sex partners is then given by

211(1/1 - pAs)2
m .

s.e.(ps) = #/v/m = \/m‘l 2

With the estimated condom use during RAI and during IAI, we calculated the overall mean condom
use by taking the weighted average of these two estimates. See Table for condom use estimates and the
proportion (weights) of sex acts that are RAI and IAI, from these values we can calculate the overall condom
use for steady partners

4 = " X BRAI + ¢! x %IAIL = 0.519 - 0.49 + 0.562 - 0.51 = 0.541,
and for casual sex partners

g = ¢ X BRAIL, + ¢tAT x %IAI, = 0.628 - 0.52 + 0.631 - 0.48 = 0.629.
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S3.5 Proxy of partners’ activity degree

For the 10 most recent sex partners the participants responded to detailed questions. One of the detailed
questions was what we referred to as the proxy question: ‘Do you think that your sex partner had other sex
partners than you during the same time frame that he/she met you?’, with the possible answers

1. T know this person had sex with others
2. I think this person had sex with others
3. No, this person only had sex with me
4. T don’t know

The percentages of the answers to the proxy question are given in Table

Table S4: Distribution of proxy variable on partners’ activity degree. One of the questions
participants answered concerning their 10 most recent sex partners was whether they believed their partners
had other concurrent sex partners. We use this as a proxy for partners activity-degree, as shown in the
fourth and last column. With the help of a consistency criterion, Equation , we assigned the partners
of answer 4 as low-active.

Answer Of all partners | Of all casual part- | Proxy for part-
(n =1903) ners (n = 1424) ner being

1. Yes 33.58% 32.65% High-active

2. Think so 33.63% 38.76% High-active

3. No 9.98% 3.30% Low-active

4. Don’t know | 22.81% 25.28% Low-active

If a participant answered either 1 or 2 for a partner, we will take this as a proxy for that the partner is
high-active. If a participant answered 3, we will use this as a proxy for that the partner is low-active. We
now need to decide what to do with the 25% of the partners that participants labelled as No. 4 on the proxy
question, the partners that participants did not know whether they had other sex partners.

In the total population, consistency requires that the the number of casual sex acts high-actives have with
low-actives needs to equal the number of casual sex acts low-actives have with high-actives. This criterion
can be written, in terms of rates, as (Equation (52.8))

Dyy = Dyy.

With this consistency we get help in determining how to assign the partners labelled as No. 4 on the proxy
question. If we simply remove these partners entirely, the left-hand side of Equation becomes 0.18 and
the right-hand side 1.93, very far from each other. Hence, to remove the partners of which the participants
do not know (No. 4) yields a too big inconsistency. If we instead assign all these partners as low-active,
we get that the left-hand side of Equation becomes 2.19 the right-hand side 1.93. This suggests that
many of the partners participants labelled as No. 4 should be categorised as low-active.

In Table [S5| we show (for the two choices of actions of answer No. 4 "I don’t know”), the proportion of
high-active individuals’ casual sex partners that will be with low-actives and with high-actives, respectively;
and the proportion of low-active individuals’ casual sex partners that will be with low-actives and with
high-actives, respectively. For example, if we assign all partners that participants labelled as No. 4 on the
proxy question as low-active, we find that 34.3% of low-active individuals’ casual sex partners will be with
low-actives, and 65.7% will be with high-actives.
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Table S5: Consequence of the two assignments of the partners of which participants do not
know if the partner did have other partners. The column named Removed means that the partners
of participants of which we do not know (answer 4 on the proxy question) were removed, and the column
As low-active means we assigned those partners as low-active. First, for the two assignments, we show the
proportion of low-active and high-active partners of participants who are low-active, then the same kind of
proportion but for participants who are high-active. Then we show the values of the right-hand side (Dyy)
and left-hand side Dy, of the consistency criterion Equation

Action on ”Don’t know”
Proportion | Removed As low-active
low-low 0.067 0.343
low-high 0.933 0.657
high-low 0.021 0.220
high-high 0.979 0.780
Consistency
Dy, 1.9345 1.9345
Dy, 0.1825 2.19

S3.6 Final estimates of the rates of acquiring new casual sex partners

We will now show the final estimates of the rates of finding new casual sex partners, using the three different
mixing assumptions with respect to activity degree.
We found that the estimates for afj' that utilises the proxy question could be written as Equation

qr _rq qr rq
ad" = LI — ;. aj- _ Q;. a]?
7 1 1 - - qr qr b
J J D, mg(adl Po + of. Pr)

where consistency requires that Dy, = Dy, (Equation (S2.8)) needs to be fulfilled. Utilising Table we
found that assigning all partners that participants answered "I don’t know” (answer No. 4) as low-active
on the proxy question yielded a value of 2.19 for the left-hand side and a value of 1.93 of the right-hand
side of Equation , i.e. similar but not equal. We choose to work with the left-hand side, setting
Dy = Dy, = 2.19 when estimating the different oz?jr , which can be seen in Table To make the comparison
between the different mixing assumptions, we also use that Dy; = Dy, = 2.19 for all mixing assumptions. In
Table [S6] we show the estimates for proportionate and complete mixing under the assumption that Dy, = Dy,
where the values in parenthesis are the ones not requiring that Dy, = Dyy,.

To quantify the degree of assortativity (with respect to activity degree) as a value 6 between 0 and 1,
where § = 0 means proportionate mixing and § = 1 means complete assortativity, we write

adl oy = (1 =0)af 4 0ad.

Where af is the rate, disregarding partnership status, a g-active tries to find an r-active under proportionate
mixing and af’ under complete assortativity. These ol %, and af can be found by calculating the

I
a
proxy’ “ P
following quantity where ], i, € 0,1 is taken from the corresponding mixing assumption,

qr __ qr p2 qr qr qr p2
o = a1 P+ (af; +afg) PP+ agy Py

Where Py is the proportion of the population without a steady sex partner and P; the proportion with a
steady sex partner. As examples, using table [S0] and the estimated value for Py = 0.36 and P; = 0.64, we
get

62.20 - P? + (72.44 + 72.44) Py P, + 84.10 - P? = 69.8,
afl = 80.13 - P2+ (93.02 + 93.02) Py P, +108.00 - PZ = 89.7,
alh = 68.26- P+ (74.25 + 74.25) Py Py + 80.76 - P} = 72.6.

proxy

ol
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Table S6: Estimates of rate parameters of finding new casual sex partner (years). For the two
extreme cases, proportionate mixing and complete assortativity, we give in parenthesis the casual sex rate
estimates not requiring that Dy, = Dy;,. Note that &f] = & and is therefore not explicitly presented.

Parameter | Proxy Prop Complete
abh | 68.26  62.20 (64.03)  80.13 (81.76)

aht | 670 8.15 (8.17) -

alh | 6.70 8.15 (8.17) -

al, | 114 1.06 (1.04) 4.81 (4.81)

ahh | 74.25  72.44 (74.85)  93.02 (95.58)

ahb | 834  11.99 (12.03) -

alh | 10.19  9.46 (9.55)
(
(
(
(
(

Al | 235 1.57 (1.53) 7.08 (7.08)
aph | 80.76  84.10 (87.52) 108.00 (111.75)
aht | 12,69 13.92 (14.06) -
als | 12.69  13.92 (14.06) -

ally | 483 2.30 (2.26) 10.42 (10.42)

The value of @ that corresponds to these values is 0.141. Doing the same kind of calculations but for o!”

and o' yields the same 6.
Note that, there could exist disassortative with respect to activity-degree, however, we disregard from
this since it seems unlikely in our application.
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S4 Finding the endemic prevalence, a deterministic approxima-
tion

Both the basic reproduction number and the endemic level can be obtained by using a deterministic ap-
proximation of the stochastic model. Assuming that the population is large, it is then enough to consider
expected values of the fraction of individuals that are susceptible, infectious, or recovered to obtain these
quantities. In the following section, we explain how we construct the compartments and give the differential
equations governed by the possible transitions within the network model. To find the endemic (or equilib-
rium) prevalence one needs to find the non-trivial steady state of the system of differential equations. The
trivial solution is that everyone is susceptible.

In Figure [S1] we showed the different infectious states an individual can be in; the four different infectious
states are susceptible S, acute infectious A, chronic infectious C, and treated (on ART-treatment) 7. We
further divide the population into different types, these types specify: if an individual is single or in a
partnership, if the individual is low-active or high-active in having casual sex partners, the infectious state
of the individual, and the partner’s infectious state. We will study the fraction of the population belonging
to each type, each individual will therefore contribute with 1/n to the type it belongs to.

The fraction of all individuals that are susceptible, single and r-active is denoted by Sg; the fraction of
all individuals that are single, r-active, and infectious in the acute stage is denoted by Af; the fraction of
all individuals that are single, r-active, and infectious in the chronic stage is denoted by Cf; and recovered
singles (on ART-treatment) that are r-active is denoted by T} .

Let X = {S,A,C,T} be the set of possible states not including PrEP, let Xp = {SP, AP,CP} be the
possible states when being on PrEP, and let D = {I, h} be the set of possible activity degrees with regards
to the casual contacts. Furthermore, let X7 denote the fraction of individuals that are r-active of type
X € X U Xp, with a g-active partner of type Y € X U Xp. Note that, this counts each individual in the
fraction X{?, not each pair. E.g. Sg? is the fraction of all individuals that are susceptible r-active and in a
partnership with a g-active susceptible. The reason for taking this individual-based perspective is that the
data is individual based. Moreover, the individual-based perspective makes it simpler to extend the model
by allowing for more than one steady partner at a time in future work.

Disregarding the use of PrEP, there are in total 8 different single types and 64 types of partnerships
(hence 72 equations). Some of these types’ fraction must by consistency be equal, namely

the 4 equations X% = X% where X € X

the 12 equations X" = S5 where X € {A4,C,T} and gq,r € D,
e the 8 equations X% = A where X € {C,T} and ¢,7 € D,
e the 4 equations TS = C77 where ¢,r € D,

which reduces the number of equations to 44.

Including the use of PrEP for high-actives creates: 3 more single types (denoted SP}, AP}, and CP});
48 partnership types between one participant on PrEP and one not on PrEP; and 9 partnership types where
both participants in the steady partnership are on PrEP. Hence, introducing PrEP increases the number of
types by 60; however, some of the PrEP types’ fraction must also by consistency be equal

e the 8 equations Xg};, = SP)}?] where X € X and ¢ € D,

e the 8 equations XZ]} = AP;q where X € X and ¢q € D,

the 8 equations X&', = CP%? where X € X and g € D,
SPih = APE,

SPp = CPYp.

APl = CPIbL.
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Introducing PrEP increases the number of equations needed to be specified by 33, from 44 to 77.

There are some additional facts that will reduce the number of equations. Recall that the fraction without
a steady partner is denoted Py, the fraction with a steady partner is denoted Pj, and the fraction high-active
individuals and low-active individuals in the population are denoted 7 and 7, respectively. The following
two constrains concerning singles must hold:

mPy = Sh+ AL+ Ch + T,
TPy = Sk + SPl + Al + AP + Cl + CP} + T (54.1)

The following three constrains for individuals in steady partnerships must hold. (I) The fraction of the
population that is low-active in a steady partnership with a low-active is

TP =S4+ S% + S¢ + SY
+ AL+ AY% 4+ AL 4 Al
+Cl+ 0% +CL+ O
+T§ +TH+TE+T7
)t

XeXvYex

That is, we sum over all possible states X € X, the first low-active individual in the relationship can have,
and over all possible states that Y € X, the second low-active individual in the relationship can have. (II)
The fraction of the population that is low-active in a steady partnership with a high-active is

mmp Py = S+ S+ St 4+ SY + SU + S + St
+ Ah Al A Al Al 4 Al 1Al
+C 4 CY 4 Cl - Ol - U, - O + CU
+ T+ TP + TS + T+ T + T + T
-y x W)
XeX \YexXuXpr

here we sum over all possible states X € X, the first low-active individual in the relationship can have, and
over all possible states that Y € X U Xp, the second high-active individual in the relationship can have.
The difference from the previous sum is that a high-active individual can be on PrEP. The fraction of the

population that is high-active in a steady partnership with a low-active (which is the same as fraction low
with high above) is

mmPr= Y (Z X{}l).

XeXUXp \YeEX

(III) The fraction of the population that is high-active in a steady partnership with a high-active is

LAEY ( > X{}h>.

XEXUXp \YEXUXp
This leads to that we can reduce the number of equations further, from 77 to 72.

Before we show the system of differential equations that describe our model, we define some quantities
that will improve readability. Let us write the fraction of the population that is r-active susceptible in a
partnership as S} (where 1 refer to having a steady partner),

ST = S5p + Sis + Sep + S§ + S+ S+ ST+ SE + SY + S+ 57

= S¥b + Sip + Stp + > S5+ S+ St + 53¢

q€D

_ Srh Sra

= U+ x-
XeXp XeX qeD
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Similarly, we write the fraction r-active acute infectious individuals in a partnership as A7,
K- X e Y
XeXp XeX qeD
the fraction r-active chronic infectious individuals in a partnership as C7,
G- Y e Y Yoy
XeXp XeX qeD
and the fraction r-active diagnosed and on ART-treatment in a partnership as 77,
KoY e Y Y
XeXxXp XeX qeD

For the PrEP states we have

SPi = 3" SPih 4+ 3" N spy,
XeXp XeX qeD

APl = " AP 4+ YN AP,
XeXxp XeX qeD

cpr= Y cPy+ ) Y cpy
XeXp XeX qeD

Remember that the transmission probability in one sex act in the acute stage is denoted by p4 and in the
chronic stage by pc. An r-active individual who is single, susceptible, and not on PrEP acquire infection at
rate

By = age (pa(AG + AP)) +po(Ch + CRY))
+at (pa(Al + APP) + po(CE + CP)
+agh(padh + peCl)
+agh (padl +pcCh).

Similarly, an r-active susceptible not on PrEP with a steady partner acquire infection via casual sex at rate

BT = afy (pa(Ag + ARY) + pe(Cy + CFy))
+adl (pa(A] + APP) +pc(CF + CP))
+afh(pady +peCh)
+afi(paAy + poCy).
Introducing PrEP will make some susceptible less likely to acquire infection, let us denote the reduction by
¢. Assuming a susceptible is protected by 86% by PrEP yields a value of ( =1 —0.86 = 0.14. A high-active
susceptible that is single and on PrEP will acquire infection via casual sex at rate (3%.
The model can now be described by a set of 72 differential equations. We will begin by specifying all

single state equations, followed by the different partnership state equations. We remind the reader of the
parameter definitions that can be found in Table

S4.1 Single states

For high-active susceptible singles not on PrEP we have that

High-active single starts PrEP,

1 B;rth of dies or enter partnership
igh-active
dSh high-ac
0 _ = h h h ah
o M + (0 + p)Sy - (EH+ptpP)Sy - Bo So
N’
Separation of high-active High-active single
from a partner acquire infection
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For the other single states, we have

dzfg’él = ¢Sh+ (04 p)SP! — (u+ pPo)SPl — ¢pls P,
%: (0 + WA} = (L +vh + 0a + pPo) Al + B SE,
dilgtp(;l = (04 p) AP} — (4 yp + 0o + pPo) APY + ¢SSPl
% = (04 p)Cl + 6,A% — (41 + pPo)CE,

dcdff;l = (04 p)CP + 6,AP} — (u+~vp + pPy)CPY.

Due to constrain (S4.1)), the fraction of the population that is high-active on ART-treatment is equal to
T¢ = m Py — (Si + SPY + Ay + APl + Ch + CP) .

In a similar way we get the equations for a low-active single. Note that a low-active never starts to use
PrEP; however, we could switch which activity-group is targeted for the intervention.

s}

cTtO = pm + (0 4 p)S] — (n+ pPo) Sy — By So,
dAg) - I l L ¢l
7dt = (U+M)A1 (N+7h+5u+pPO)AO+ﬁOSO7
dC{) _ 1 Al _ 1

- = (0 + p)Cy + 6,Aq — (4 v + pPo)Ch.

And the fraction low-active on ART-treatment is equal to T4 = m Py — (S§ + Af + Cp).

S4.2 Partnership states

We will specify the partnership state equations in the following order: first all possible combinations of
a susceptible not on PrEP, Sg, Sa, Sc, Sr, Ssp, Sap, Scp; then all possible combinations of an acute
infectious individual not on PrEP that has not previously been specified, Ax, Ac, Ar, Asp, Aap, Acp;
then all possible combinations of a chronic infectious individual not on PrEP that has not previously been
specified, C¢, Cp, Cgp, Cap, Ccp; then the treated individuals not previously specified, T, Tsp, Tap,
Tcp. Then we specify the partnership type equations of individuals on PrEP: for a susceptible on PrEP,
SPsp, SPap, SPcp; for an acute infectious on PrEP, AP4p, APcp; and finally for a chronic infectious on
PrEP, CPcp.

S4.2.1 Susceptible not on PrEP

For susceptible individuals not on PrEP in a partnership with another susceptible not on PrEP we have that

ngh 2 hh h ghh
pr :p(SO) — (26 + 0 +2u)Sg" —2p755",
dSQl h ol hl h 1\ ghl
Fra pSoSo — (€ + 0 +2u)Sg" — (B + B1)SS',
i
% = p(8)° = (0 +2p)SY — 28! 1,

where ngh = Sgl.
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For susceptible individuals not on PrEP in a partnership with an acute infectious individual not on PrEP
dshh
= pSYAL + BISE" — (€4+ Mpa + Ga +  + 0+ 20)SK" — BISL"
dshl
A sl + BLSY — (€ 4+ M+ 8+ + 0+ 20)85 — LS
sty 1 gh h olh ih 1 qlh
o = pSo Ay + B Ss — (Apa + 0q +yn + 0+ 2u) Sy — 5154
s} 14l 1 qll u I all
el pSoA + B1Ss — (Apa + 6a + i+ 0+ 2u) Sy — B154-
Note that A = ST
For susceptible individuals not on PrEP in a partnership with a chronic infectious individual not on PrEP
dsg h h hh hh h ghh
i pSyCy +3aS%" — (§+ Apc +yn + 0 +2p) 85" — B SE
dS hl hl
g = pS{CH+ 8aSH — (£ 4 Apc + v + 0+ 2u) S — BYSH,
dS¢: 1 ~h lh ih 1 glh
5 = pSoCy + 0aS4 — (Apc + v + 0 +21)S& — B1SE
dS¢. 1Al ) i 1 qll
a pSoCo +0aS4 — (Apc + v + o +2u)S¢ — Bi15¢.
And additionally, C¢f = S&.

For susceptible individuals not on PrEP in a partnership with an individual on ART-treatment

dShh
df = pSPTE + 4, (SB + SEMY + yp (B + SER)Y — (&€ + o 4 2u)SH — BRShR,
syt Rl hl hi hl h ohl
T pSoTo +n(S% +8¢) — (§+ o0 +2u)Sp — B ST,
sy 1 b ih Ih z lh
sy 1l 1 1 i 1 all
e pSoTo + (84 + S¢) — (0 +2u) Sy — B1St.
We also have that T¢? = S¥.
For susceptible individuals not on PrEP with a steady susceptible partner on PrEP we have

dShh
5 = pSFySG + 58" — (€+ 0+ 2u)S5l — (B! + (A1) S5

sy, \ \
Sk Sy €5~ (o 4 2t — (8] + B SHy.

Note that SPA = S and SPM = S,

For susceptlble individuals not on PrEP in a partnership with an acute infectious individual on PrEP
d Shh

“at PSOAP(;L+<5?S§}1L>*(f+/\PA+5a+7P+J+2M)SZ 515AP7
dszl Lh Lh
i = pSHAPY 4+ (B1SHs — (A\pa + 0a +vp + 0 + 2u)SYp — BLSYY

Note that AP = Sk and APM = S,

For susceptlble 1nd1v1duals not on PrEP in a partnership with a chronic infectious individual on PrEP
dShh

5= pSECRY + 0uSKp — (€ + Apc +yp + 0 +2p)SEp — B S

ngL Ih Ih I qlh

i = pSECPY +6u54p — (\po + 7P + 0 +211)S¢'p — B1S¢p
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Note that CPA = Sh and CPM = S,
S4.2.2 Acute infectious individuals not on PrEP

For acute infectious individuals not on PrEP in a partnership with another acute infectious not on PrEP we
have

AR

A p(AB) (0 + 2+ 290+ 20,) AR 2 (pa + B7) SH,
dAhl

th = pAb AL — (04 20+ v + 7+ 20.) A + (pa + BY)SE + (Apa + B AY,
dAl

2
5 =P (AL)" = (0 +2p+ 27 + 20,) A% + 2 (Apa + B1) S4.

where additionally A% = AR

For acute infectious individuals in a partnership with a chronic infectious individual

dAhh
S5 = PAGCE + 02 AR — (0 + 2+ 27+ 8) AL + (Ape + B) SE
dAhl
th = pAGCL + 6, AL — (0 + 20+ v + 1 + 0a) A + (Ape + BY) S&,
dAgL I ~h lh Lh l lh
P pAGCY + 60 AN — (0 420 + v + 7 + 0a) AL + (/\pc + [31) S¢,
dAL

—5 = PAGCH + 0a AL — (0 + 20+ 29 + 0a) AL + (Mpe + B1) S¢-

Note that C)! = AL .
For acute infectious individuals in a partnership with an individual on ART-treatment
dAR hrih ht hh hh hh hh h ghh
dtT = pAgTy +n(AS + AX") + vp(Adp + Adp) — (Y + 0 + 20+ 0a)AT" + BY ST
dAY bl hl hl hi h qhl
Pl pA Ty + ni(Ae + A%) — (vn + 0 +2p+ 60) AT + BY'ST,
dAlh
AL pAYTY 4 (AL ) + (A Ap) — O+ + 200+ ) A5 + LS,
d A% 1l i i i ! qll
e pATy +(Ac + An) — (v + 0 + 20 + 8a) A + B1Sp

Also, T," = AT,

For acute infectious individuals not on PrEP in a partnership with a susceptible individual on PrEP

dAlh \ \
5 = PAGSPY + €AY + BISEE — (CApa + 0o+ + 0 + 21) AGp — (BT AL,
dAL,

3 pALSPY + Al 4 BLST, — (CApa + 00 + v + 0+ 2u) Ay — (1A

Note that SPA = ARl and SPht = A,

For acute infectious individuals not on PrEP in a partnership with an acute infectious individual on PrEP

dARh
= = PAGARY — (o + 2u+ e + 202) AR + Owa + B1)SEp + (Opa + (51) AL,
dAYp

= pAGAR] — (0 + 2+ 0+ e+ 20.) A%p + (Opa + B)SEp + (Cpa + (B7) AL
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Note that AP = ARt and APH = All,
For acute infectious individuals not on PrEP in a partnership with a chronic infectious individual on

PrEP
dAY, hh hh hy ohh
o = pAGCP] + 0, Alp — (0 + 20+ v + 7P + 00) Ap + (Apc + BY)SEp
dAlc@P l h lh ih 1\ qlh
3 PAGC Py + 0o ANp — (0 +2p 4 v +vp + 04)Ap + (Apc + £1)SEp

Note that CPi" = AWM, and OPY = A,

S4.2.3 Chronic infectious not on PrEP

For an individual with a chronic infection not on PrEP in a steady partnership with another individual with
a chronic infection

d(]gh h)2 hh hh hh
i =p(C§)" + 6a(AY + CB") — (0 + 2p + 271,)C,
dcg'l _ Chcl 446 (Ahl 4 Chl) _ ( Lo+ 4 )Chl
a pPLo Lo a\Ac A o nT Y T 7)o
ng _ (Cl)2+5 (A”+C”)—( 42442 )C”
a P (Lo a\Ac A g I )b

where CYt = Cl
For an individual with a chronic infection not on PrEP in a steady partnership with an individual under
ART-treatment

dchh
= = pChTh 4 5, AM 4 7, (CBh 4 CBMY 4+ 4 p (CBY, + CBR)Y — (0 4 20 + 1) O,
dohl h hl hl hl
a = pCUTL + S, Al + y(ChL + CE — (0 + 21+ 1) CF
dclh
o = pOLTE + 5, A 4 4 (CR + C1) 4 yp(Cs + CY) — (0 + 20 + 7)) CH,
Cll
o = pOLTE 4 5, AL + 7 (CY + CL) — (0 + 2 + ) CLL.

where T? = C¥.
For an individual with a chronic infection not on PrEP in a partnership with a susceptible individual on

PrEP
ngP hh hh hh
7 = pCYSPy + ECE" + 0, Ap — (Chpe + i + 0 + 21)CEb — (BYCER
dC¥s ! aph ih h th hlh
@i = pCySPy +E£Cg" 4+ 64 As’s — (CApe + 71 + 0 +21)Cgp — (B Cap

And additionally SPEM = CBl and SPY = Cl,
For an individual with a chronic infection not on PrEP in a partnership with an acute infectious individual

on PrEP
dohh h h wh
— = PCoARY +daA4p — (o420 + v + 9P + 82)ChB + (Chpe + CBY)CED,
dclh 1 1 1
= pCYAP] + 0, A%p — (0 + 20+ + 7P +8a)Cllp + (COwe + CACH)p

Note that APEh = Chh, and APE = Ol
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For an individual with a chronic infection not on PrEP in a partnership with a chronic infectious individual

on PrEP
dCtp hh hh
it = pCLC P} + 6,(AMy + ChLY — (0 + 21 + 1, + yp)CHL,
dCp th Ih
T = pCoCPy + 64(Adp + C'p) = (0 + 20+ 7 + 7p) Cip.

where C P = Cll, and CPE = Clhy,

S4.2.4 Treated individual

For an individual under ART-treatment in a steady partnership with another individual under ART-treatment
we have

dTh

dt
dThl

dt
dTH

dt

where Tt = TR

For treated individuals in a partnership with a susceptible individual on PrEP

= p(Tg")? + (AP + CF! + Th" + TE") + vp (AP + CPRM + Thh + TER) — (0 + 2u)TE",
= pTPTE + v (AR 4 O + (TR + TR + yp(APY + CPMY — (0 4 2u)TH

= p(T4)* + (A% + CF) + (T4 + TE) — (o0 + 2u) T

dThh

o= PTy Py +ET5" + m(Agp + C8p) +7p(APgp + CPsp) — (o + 2u)T5p — (B T5p,
dTlh

it B = pTiSPy + €TS8 + n(Adp + Cdp) — (0 +2u)TEp — (BT,

We also have that SPRM = Thh and SPR = Tk,
For treated individuals in a partnership with an acute infectious individual on PrEP

i)
=55 = PTUARS + n(CHp + AR) +yp(APYE + CPiR) — (vp + 0 + 20+ 60) Tk + (BYT,
dT, 1h lh hplh

= = pToAP) +(Clitp + Allp) — (vp + 0 + 2+ 8)Tip + (A1 TEp

Also, AP = Thh and APR =T,
For treated individuals in a partnership with a chronic infectious individual on PrEP

dThh

5= = PTG CPy + 04 Thp + m(Ap + Cglp) +1p(APEp + CPER) — (0 + 21+ 1p) TS,
dT¢s Ih Ih Ih

pra = pTLCP} + 0aTHp + n(Alp + Clip) — (0 + 21+ vp)THp

where C P} = TR, and CPR = TH,.

S4.2.5 Individuals on PrEP

For susceptible individuals on PrEP with a steady partner on PrEP we have

dSPg}’é h\2 hh hh
G = P(SPY)? +26SP5" — (o + 2u)SPgp — 2B SPgp,
dS hh
JAE = pSPYAP] + €53 + CAIS PSR — (CApa + 00 + 7 + 0 + 2u)SPL} — (AL SPAE,
dSPg’}IL’ hh hh hh
T:PS P+ ESEp 4+ 6.SPRb — (CApc +p + 0 + 2) SPH — (BT SPEp.
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Note that APE = SPR and that CPR = SPEL,.
For acute infectious individuals on PrEP in a steady partnership with an individual on PrEP
dAPth
dt
dAPL
dt

= p(AP})? — (0 + 21+ 27p + 200) APAS + 2(CApa + CBY)APSE,

= pAPJCP} + 6, APh — (0 + 21+ 2p + 0a) APEE + (CApe + (BY)SPES

Note that CP%, = APEL,.

And very much finally, for an individual with a chronic infection on PrEP in a partnership with a chronic
infectious individual on PrEP we have
dCPhh,

o = P(CRY)? + 0u(APCE + CPRP) = (0 + 2+ 29p) CPCp.
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S5 Additional results

We will in this Section go through some additional results mentioned in the main manuscript.

S5.1 Not distinguishing individuals according to activity degree

Here we examine what happens if we do not divide the population according to active-degree but assume
that everyone behaves in the same way regarding the number of casual sex partners and regarding the rate
to ART-treatment. For the case when no one yet is on PrEP, we find that Ry = 1 when the mean time to
successful ART-treatment is 3.28 years. A prevalence of 5% is obtained for a mean time to ART-treatment
of 3.57 years. In Figure [S3| we show the effect of introducing PrEP in this model without high-actives and
low-actives. We see that the PrEP coverage in such a population would need to exceed 5% to reach a
prevalence close to 0 (in contrast to 3.5% as in the model where we have two activity degrees).

[Ye]
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o
<
O_,
o
[0
e 8-
90
[
8V
2 S 4
a o
S
o
o
O_,
o

T T T T T T
0% 1% 2% 3% 4% 5%

Percentage of population on PrEP

Figure S3: Effect of introducing PrEP in a population that is not separated according to activity degree,
but where everyone is assumed to behave the same with regards of finding new casual sex partners.

S5.2 Not including the different infectious stages acute and chronic

In Figure 2b) in the main text, we saw that the reduction in susceptibility due to PrEP had a larger effect
in reducing the prevalence than the increased testing rate of those on PrEP. The transmission probability of
HIV is much higher in the acute infectious phase, the first 3 months following infection, than in the chronic
phase. The reason for the lesser effect of an increased testing rate could be that it misses a large proportion
of the acute stage.

To help verify that this is the case, we modified the model to not make a distinction between the acute
and chronic stage; to only include one transmission probability during the whole infectious lifetime of an
infected individual. We calibrate this transmission probability so that when no one is on PrEP, and the
mean time to successful ART-treatment is 1.77 years for high-actives, the prevalence is equal to 5%. This is
done to match the set-up of the analysis in Figure 2b). The transmission probability is then 0.0208 for the
whole infectious time, instead of 0.1301 for the acute stage and 0.0098 for the chronic stage.

In Figure [S4)it is seen that when only one infectious stage is included, the increased testing and diagnosis
rate has as equally big impact on the reduction of the prevalence as the reduced susceptibility of PrEP.
This implies that the lesser effect of the increased testing rate, that we found in Figure 2b) in the main
manuscript, can be assigned to it missing the 3 month long acute stage. Because, when we in this analysis
distributed the increased transmission probability of the acute stage over an infected individual’s lifetime,
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an increased testing rate got a bigger effect in reducing the prevalence than when we separated the infectious
stages.
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Figure S4: Same set up as corresponding figure in main text, Figure 2b), but with no distinction between
the acute and chronic stage but only one infectious stage with one transmission probability.

S5.3 Range of 95% CRI

In Figure 1b) in the main manuscript we show the 95% credibility intervals of the estimated prevalence for all
three mixing assumptions. This was done for different mean times to ART-treatment to obtain the credibility
bands as in Figure Since it can be somewhat hard to compare the widths of said intervals in Figure
1b) and Figure we additionally calculated the range of each credibility intervals and show the boxplot
of these values in Figure From Figure it is seen that using the complete assortativity assumption
regarding activity-degree has most narrow 95% credibility intervals. Moreover, the fitted assortativity has
more narrow credibility intervals than the proportionate mixing assumption.

S5.4 Effect of different PrEP effectiveness in reducing susceptibility

In the introduction of the main manuscript we gave the estimated reduction of susceptibility of PrEP: 86%
with a 95% confidence interval of 40 - 98% [S5]. To investigate the effect of this variability, we analysed the
effect of introducing PrEP among high-active individuals with a 40% PrEP effectiveness, and then with a
98% PrEP effectiveness. The results can be seen in Figure We see that, using the much less effective
value of 40% instead of 86%, to reach an endemic prevalence close to 0 increases the needed PrEP coverage
from 3.5% of the population (10.4% of all high-actives) to 4.4% of the population (13.1% of all high-actives).

S5.5 Effect of giving PrEP to low-actives instead of high-actives

In our analysis we mainly focus on the effect of high-active individuals accepting PrEP. If we instead want to
determine the effect of targeting low-actives for PrEP, we could just reverse which activity-group is allowed
to start taking PrEP. Here, we also show the results for when only low-actives are offered PrEP. As we
can see from Figure a much higher coverage (35%) is needed to reach the same long-term prevalence
reduction compared to if high-actives were offered PrEP (3.5%) (Figure 2a in the main manuscript).
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Figure S5: The width of the estimated 95% credibility intervals. (a) depicts the credibility bands from which

we calculated the range of the credibility intervals, summarised as boxplots in (b).
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Figure S6: Endemic prevalence for different PrEP coverages and effectiveness.
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Figure S7: Effect of giving PrEP to low-actives instead of high-actives.
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S5.6 PrEP coverage for alternative transmission probabilities

The transmission probabilities for unprotected receptive anal intercourse (URAI) during the acute and
chronic stage are taken from the literature [S6] (0.1835 and 0.0138, respectively). To get the transmission
probabilities during unprotected insertive anal intercourse (UIAI), we use an estimate of the relationship
between the transmission probability between URATI and UTAI The transmission probability for URAT is 2.39
times larger than the transmission probability for UIAI [S7]. Assuming equally many insertive as receptive
acts, the transmission probability during the acute stage was set to

pa = 0.1835 x 0.5 4 0.1835 x 0.5/2.39 = 0.1301,
and during the chronic stage
pe = 0.0138 x 0.5 4 0.0138 x 0.5/2.39 = 0.0098.

We now want to study how robust our conclusion concerning PrEP coverage, to achieve an endemic
prevalence close to 0%, is. We do this by altering the two transmission probabilities by setting them to
50% — 150% of their estimated values. For example: with 50% of the transmission probabilities, we have
that p4 = 0.0651 and pc = 0.0049; with 150% of the transmission probabilities, we have that p4 = 0.1952
and pc = 0.0147. With given transmission probabilities p4 and p¢c, we find the mean time to ART-treatment
corresponding to a prevalence of 5%. The given mean time to ART-treatment are for high-actives, for low-
actives it is 2.35 times larger. With the different set-ups generating a prevalence of 5%, PrEP is introduced
to high-active individuals. In Table we show the different set-ups and the PrEP coverage needed to get
an endemic prevalence close to 0. Additionally, we alter the two transmission probabilities one at a time in
Table [S§ and Table[S9] In Table [S§ we vary pa but let pc stay fixed at 0.0098. In Table [S9 we vary pc but
let pa stay fixed at 0.1301. We conclude by noting that the results are almost invariant to which set-up is
used.

Table S7: Robustness of the PrEP coverage to obtain a long-term prevalence close to 0: al-
teration of ps and pc. Assuming no one is on PrEP, we first find other combinations than the one used
in the main manuscript of the transmission probabilities and mean time to ART-treatment for high-actives
that generates a prevalence of 5%. With these different scenarios that generates a prevalence of 5%, we then
study the needed PrEP coverage to obtain a long-term prevalence close to 0.

% of transmission probabilities p4 = 0.1301 and pc = 0.0098
50% 60% 70% 80% 90% 100% 110% 120% 130% 140% 150%

Time to ART-

5.38 4.10 3.23 2.60 2.13 1.77 1.48 1.25 1.07 0.92 0.80
treatment

PrEP coverage for

342% 3.43% 3.44% 347% 3.49% 3.52% 3.55% 3.58% 3.61% 3.65% 3.68%
0 prevalence

Table S8: Robustness of the PrEP coverage to obtain a long-term prevalence close to 0: alter-
ation of py. Same procedure as in Table but only the transmission probability in the acute stage is
altered. The transmission probability in the chronic stage is remained fixed at pc = 0.0098.

% of transmission probabilities p4 = 0.1301.
50% 60% 70% 80% 90% 100% 110% 120% 130% 140%  150%

Time to ART-

2.76 2.55 2.35 2.15 1.96 1.77 1.59 1.42 1.26 1.12 0.98
treatment

PrEP coverage for

3.44% 3.45% 3.46% 3.48% 3.50% 3.52% 3.55% 3.58% 3.61% 3.64% 3.67%
0 prevalence

28

Hansson D, et al. BMJ Open 2020; 10:€033852. doi: 10.1136/bmjopen-2019-033852



Supplementary material BMJ Open

Table S9: Robustness of the PrEP coverage to obtain a long-term prevalence close to 0: alter-
ation of pc. Same procedure as in Table but only the transmission probability in the chronic stage is
altered. The transmission probability in the acute stage is remained fixed at p4 = 0.1301.

% of transmission probabilities pc = 0.0098.
50% 60% 70% 80% 90% 100% 110% 120% 130% 140% 150%

Time to ART-

3.14 2.68 2.36 2.11 1.92 1.77 1.64 1.54 1.45 1.37 1.30
treatment

PrEP coverage for

35% 3.5% 3.51% 351% 3.52% 3.52% 3.53% 3.53% 3.53% 3.54% 3.54%
0 prevalence

S5.7 Short-term effect of different PrEP strategies

In our model, we assume that a sexually high-active start using PrEP at rate £&. We then determine the
lowest possible rate & that yields an equilibrium prevalence of 0% and calculate which PrEP coverage this
corresponds to. The lowest PrEP coverage that eventually results in a 0% HIV prevalence is 3.5% of the
population. This ’eventually’ is a very long time in the future—it would take centuries. If no new HIV cases
would occur, it would still take many years before the prevalence reaches 0%; the HIV prevalence would not
reach 0% until the last person with HIV dies. However, HIV will effectively disappear when no new infections
occur. Remember that, in our model we assume that diagnosis and the beginning of ART-treatment is the
same as being uninfectious, and consequently, only individuals with undiagnosed HIV can transmit the
infection. Hence, we will here study not only the prevalence but also the percentage undiagnosed HIV cases
for different PrEP initiation rates, &.

In what follows, we will look at different rates £, where all rates result in an HIV prevalence of 0% in
the equilibrium steady state. The lowest £ we look at will therefore corresponds to an equilibrium PrEP
coverage of 3.5% of the population (= 10% of high-actives). As a starting point, before any high-active
accepts PrEP, the prevalence is set to 5% and the percentage undiagnosed HIV cases to 0.21% (the model
with & = 0 calibrated to data). In the left panel of Figure we show the HIV prevalence (%) at different
PrEP initiation rates, £, for 50 years after the beginning of a PrEP implementation programme. In the
middle panel of Figure we show the percentage of individuals that are infectious and undiagnosed. In
the right panel of we show the corresponding percentages of the population that are on PrEP for 50
years after the beginning of the PrEP programme. For the lowest rate £ that results in an equilibrium HIV
prevalence of 0%, we see that after 50 years the PrEP coverage has only had time to reach 2%, but the
percentage undiagnosed has more than halved, and the prevalence has dropped from 5% to almost 4%. This
can be compared to the scenario with a £ that results in an equilibrium PrEP coverage of 11%. Then the
PrEP coverage has reached a bit over 7% after 50 years, and the percentage undiagnosed HIV cases is only
1/20 of its value before the initiation of a PrEP programme (from 0.21% to 0.01%).

In Figure [59 we study, in more detail, the effects of different PrEP scenarios 10 and 20 years after their
initiation. We look at both the prevalence and the percentage undiagnosed HIV cases. After 10 years, if the
PrEP coverage has reached 5% (15% of all high-actives), the percentage undiagnosed HIV cases is reduced
from 0.21% to 0.14%. Looking at 20 years after a PrEP programmes initiation and where the PrEP coverage
has reached 5%, the percentage undiagnosed HIV cases is reduced to the low level of 0.04%. If the PrEP
coverage on the other hand has reached almost all high-actives after 10 years, that is 30% of the population,
then the percentage undiagnosed HIV cases is reduced to 0.03%. The same percentage of coverage after
20 years yields a percentage of 0.004% infectious and undiagnosed HIV cases; that is, almost no new HIV
infections occur.
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S5.8 Allowing individuals to change activity-group

The conclusions of the PrEP coverage needed to eventually eliminate HIV from the community (an equilib-
rium HIV prevalence of 0%) does not vary much if participants are allowed to switch activity-group.

We further extended our main model to ascertain the effect of allowing high-active individuals to become
low-active and allowing low-active individuals to become high-active. The fraction high-active and the frac-
tion low-active in the population were held constant during this analysis. This was achieved by introducing
a parameter v governing the switching, then letting 7, be the rate for one low-active to change to being
high-active and letting 7;v be the rate for one high-active to change to being low-active. The number of low-
active MSM in the population is nm; and the number of high-active MSM is nmy,. Therefore, the total rate
for low-actives to switch will be nmm,v and the total rate for high-actives to switch will be nm,mv. Hence,
the fractions being high-active and low-active will fluctuate around the values 7, and m;. If a high-active on
PrEP switch to low-active we additionally assume that this individual stops taking PrEP.

We tested different switching rates v = 0, 0.01, 0.1, 0.2, 0.5, 0.75, 1. If, for example, v = 0.1 then one
randomly chosen individual will switch on average every tenth year and if v = 0.5 then one randomly chosen
individual will switch on average every second year. The case when v = 0 corresponds to no switching.
For each scenario we calibrate the mean time until ART-treatment so that without anyone on PrEP the
prevalence is 5%. As before, the given mean time to ART-treatment is for high-actives, for low-actives it is
2.35 times larger. The results can be seen in Table from there we see that the PrEP coverage needed to
eventually eliminate HIV from the community is not that different between the scenarios, it varies between
~ 2.5% to ~ 3.5% of the total population. However, when people on PrEP are allowed to become low-active
and thereby stop taking PrEP a higher PrEP-initiation rate is needed to obtain a certain PrEP coverage.

In Table we instead show the PrEP coverage needed when low-actives are targeted. We see the
same tendency in which scenarios that easiest eliminate HIV as in Table We also find the same kind
of conclusion as in the main text—targeting high-actives for PrEP is much more effective than targeting
low-actives.

Table S10: HIV prevalence (%) for different switching scenarios and PrEP coverages.

v=0|v=001l|v=01|v=02|v=05|rv=07|v=1
Time to ART | 1.770 | 1.731 1.697 1.707 1.744 1.770 1.793
PrEP coverage
1% | 3.589 | 3.364 2917 2.859 2.856 2.880 2.904

2% | 2.172 | 1.718 0.836 0.716 0.715 0.761 0.806

2.5% | 1.459 | 0.891 0.0002 | 0.0007 | 0.0007 | O 0.0002
3% | 0.745 | 0.067 0 0 0 0 0
3.5% | 0 0 0 0 0 0 0

Table S11: HIV prevalence (%) for different switching scenarios and PrEP coverages when
low-actives are being targeted.

v=0|v=001|v=01|v=02|v=05|v=07 |v=1
Time to ART | 1.770 | 1.731 1.697 1.707 1.744 1.770 1.793

PrEP coverage
10% | 3.249 | 3.076 2.562 2.351 2.020 1.852 1.726

20% | 1.761 | 1.387 0.274 0.0002 | 0.0003 | 0 0

30% | 0.503 | 0.0007 0 0 0 0 0

35% | 0 0 0 0 0 0 0
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