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Text S1 Model

In the model, people can either be single (denoted by X) or in a pair (denoted by P and Q). The model is
characterized by serial monogamy which is a reasonable assumption for young heterosexuals. There are
two infection states: susceptible (denoted by S) and infected (denoted by /). We did not include immunity
in the model, since it is unknown whether a period of immunity exists after natural clearance of
urogenital and anorectal chlamydia infection and if clearing chlamydia at one location would provide
immunity against infection at the other locations.

There are two types of partnerships in the model: one that includes anal sex as well as vaginal sex
(denoted by Q) and one with vaginal sex only (denoted by P). In the model, there is a fraction of the
population (denoted by Pas) that wants to have anal sex. If both partners want to have anal sex, they will
have regular anal sex and if they both do not want anal sex, there is none. However, if one partner wants
to have anal sex and the other one does not, they will form, with a probability 5, a partnership with
regular anal sex. This probability () and the fraction of people that wants to have anal sex (Pas) are
chosen as such that the percentage of people in the model population that had recent (within the last 6
months) anal sex is similar to the data. The pair formation and separation processes are independent of
anal sex preference or infection status.

In the notation of singles (X), the f denotes females and m males. For female singles, the first subscript
describes the infection status at the urogenital location, and the second subscript the infection status at
the anorectal location. For example, Xf;s denotes a single women with a urogenital infection who is
susceptible for an anorectal infection. In the notation of pairs (P and Q), the first subscript describes the
infection status at the female urogenital location, the second subscript the infection status at the female
anorectal location, and the third subscript the infection status at the male urogenital site.

For women the subscript g and for men the subscript g’ denotes if someone wants anal sex next to
vaginal sex. A bar denotes whether a women had recent anal sex. This distinction is needed to reflect the
current standard of care in which women are only anorectally tested when having had recent anal sex.

In total the model comprises of 92 compartments: 16 for single women, 4 for single men and 48 pair
compartments for vaginal sexual sex, and 24 pair compartments for both vaginal and anal sex. Table S1
describes all symbols and their meaning and Table S2 shows the how the different intervention measures
were incorporated in the model.

First, the tables with parameters and their values are shown, followed by the equations. Last, we show
the equations that were used to go from transmission probabilities to frequency of events (page 13).



Table S1 Symbols and their explanation of all parameters of the pair model.

Symbol  Parameter Baseline Source
value

Infection
1/%. Female duration of untreated urogenital infection, months 12 12
1/y%. Female duration of untreated anorectal infection, months 12 3
1/¥m. Male duration of untreated urogenital infection, months 12 12
Transmission

B Transmission probability per vaginal sex act Calibrated

s Transmission probability per anal sex act Calibrated

B Daily autoinoculation probability (probability of acquiring anorectal Calibrated

chlamydia when urogenitally infected or acquiring urogenital chlamydia
when anorectally infected)

Behaviour

Buu Frequency of vaginal sex acts in pairs with vaginal sex only, per week 2 4

Gua Frequency of vaginal sex acts in pairs with vaginal and anal sex, per week Assumed the same as ¢,
&y Frequency of anal sex acts per week 0.5 “

2 Pair formation rate, per year 8.8 STI Clinic data’
o Pair separation rate, per year 4.6 STI Clinic data’

Pas  The fraction of the population that prefers anal sex, % 40 STI Clinic data’
o Probability of anal sex between two people where one partner does want 0.15 STI Clinic data®

anal sex and the other one does not want anal sex

Intervention parameters

Tazu  Azithromycin effectiveness® urogenital infection See Table S2
Taz,a  Azithromycin effectiveness® anorectal infection See Table S2
Taoxyu  DOXycycline effectiveness® urogenital infection See Table S2
Taoxy,a  DOXycycline effectiveness® anorectal infection See Table S2
o Female testing rate, per year 0.15 >
1/v  Period of recent anal sex to determine which treatment to provide, 6 6
months
q Partner notification probability 0.5 7
(7 Parameter to determine testing on anatomical location with or without Oorl

indication (6 = 1: testing on indication only, & = 0: always testing on both
locations)

" Data of heterosexuals are lacking, so value was taken from young men who having sex with other men.

! Routinely collected data of heterosexual STI clinic attendees (men and women) aged 15-29 years in South Limburg,
the Netherlands, between 2006 to 2013. We used the reported number of partners per year and fraction of people
in a partnership at any time to estimate pair formation and separation rates. Only number of partners in the last half
year is routinely collected. The median number (2 partners/year) was used and transferred to partners per year by
multiplying by 1.5. The fraction of people in a partnership was 66%.

* STl clinic data of female STI clinic attendees aged 18-29 years in South Limburg, the Netherlands who were
included in the study on routine universal anorectal testing. Of those, 18% reported recent anal sex. In the model,
the percentage of people with recent anal intercourse is a combination of two parameters (Pas and 6) which values
were taken as such that 18% of the model population had recent anal intercourse.

¥ Effectiveness is defined in the model as the percentage of people that are susceptible again after treatment.



Table S2 Parameter values for the different intervention scenarios (Kong et al.®°)

Standard of care Universal routine Universal routine Universal routine doxycycline
doxycycline anorectal testing and anorectal testing
(7] 1 1 0 0
Tazyu 0.943 0.971 0.943 0.971
Tazya 0.829 0.996 0.829 0.996
Thonyu 0.971 0.971 0.971 0.971
0.996 0.996 0.996 0.996

Tdoxy, a




Equations for single women:

Women who do not want anal sex and had no recent anal sex

dXfss T
dr o (Psss + Pssy + Psssg' + PSSI,g’) + vXfss + YruXfis + Vr.aXfsr — PXfss + @ TazyuXfis
e {9 =1 Tazy,uTazy,quII
7 60=0 Tdaxy,uTaoxy,aXfll + Tdoxy,aXfSI
dXfs V7
It = a(PSIS + P + PSls_g/ + PSIl,g') +vXfs + Yf,quII - (yf,a tp+ Bx)XfS’
a {6 =1 Tagyu(l— Tazya)Xfu
! 6=0 Tdoxy,u(l - ngxy,a)XfII - Tdoxy,aXfSI
dXfis T
e 0(Piss + Pisi + Piss.g + Pisig) + vXfis + ¥paXfu — (vru + p + B)Xfis — @TazyuX fis
ta {9 =1 (1 - Tazy,u)Tazy,aXfIl
s 6=0 (1 - Tdoxy,u)Tdoxy,aXfII
aXf; TF
TE o(Pys + P + Pisg + P111,g’) +uXfi + B (Xfsr + Xfis) — (Vf,a +Vrut p)Xfu

6=1 ((1 - Tazy,u)razy,a + Tazy,u) Xfu

—ay
0=0 ((1 - Tdoxy,u)fdoxy,a + Tdoxy,u) Xfl]

Women who do not want anal sex but recently had anal sex

dXfss S _ _ _ _ _ _
dt U(PSSS + Pssi + Psss,g' + Pssig + Qsssg' + stLg’) +VruXfis + VraXfsr — W + p)Xfss + arTaoxy o Xfsi
+afTazy,uX7;S + adeoxy,quoxy,aX’ﬁl
dXfe S _ _ _
- U(PSIS + Psjp + Psisgr + Psing' + Qsisg’ + QSII,g') + YruXfu — (U +Yratp+ ﬁx)Xf:?l_adeoxy,aXﬁ?I
+ay Tdvxy.u(l - Tdnxy,a)X/]?u
dXfrs S _ . _
a 0(Prss + Prsi + Pissg' + Pisig' + Qissg’ + Q151,g’) + vsaXfi — (v+ YFutp+ ﬁx)XfIs_“fTazy,quls
+af(1 - Tdoxy,u)Tdoxy,aX/fIl
axfy, . . i o _
at O'(Pus + P+ Pus,g' + Prrg' + Qusg’ + Qlu,g’) + Bx(XfSI + XfIS) - (U tYfa T Vrut ﬂ)Xfu

—Qr ((1 - Tdoxy,u)Tdnxy,a + Tdoxy,u) X/ﬁl

Women who want anal sex but did not recently had anal sex

dXfss, 7
Tg = J(Psss_g + Pssl_g) +UXfssg + VruXfisg t VraXfsrg — PXfssg + A TazyuXfisg
+a {9 =1 Tazy,urazy,aXfII,g
s 6=0 Tdoxy,ufdoxy,quH,g + Tdoxy,quSI.g
dXfs, =
dt %= 0(Psisg + Poug) + vXTsig + VraXfing = (Vra + P + Be)Xforg
ta {9 =1 Tazy,u(l - Tazy.u)Xf”'g
! 6=0 Tdoxy,u(l - ngxy,a)Xfu,g - Tdoxy,aXfSI.g
dXfis, =
dt 2= 0(Pissg + Pisig) +vXTisg + VraXfig = (Vru + 0 + Be)Xfisg = @ TazyuXfisg
ta {9 =1 (1 - Tazy,u)Tazy,aXfII,g
f
60=0 (1 - Tdoxy,u)Tdoxy,aXf".,Q
dXfu =
9 — U(PIIS,g + PIII,g) + vaII,g + Bx(XfSl.g + XfIS.g) - (yf"l + Yru + ,D)an_g
dt

6=1 ((1 - Tazy,u)Tazy,a + Tazy,u) XfII,g

—ay
0=0 ((1 - Tdoxy,u)Tdoxy,a + Tdoxy,u) Xfll,g



Women who want anal sex and recently had anal sex

dXfss, _ . . . .
dt ¢ = 0(Psss,g + Pssig + Qsss,g + Qssig + Qsss.9g' + Qssigg’) + VrauXTisg + Vr.aXFsrg — W+ P)Xfss g + tpTaoxyuXForg
+adeoxy,quaxy,aX/fT,g + afTazy,quIS,g
AXFs, I - . .
9 2 = (Psisg + Psirg + Qsis.g + Qsig + Qsis.gg’ + Qsingg’) + YruXfig = (0 +¥r.a + o + B)Xfs1g = @ Taoxy.aXfsig
+adeoxy,u(1 - Tdoxy,a)XfIl,g
ATy, o . .
= 0(Pissg + Prsig + Qussg + Qusig + Quss.gg’ + Qustgg’) + VraXfing = (v + ¥pu + P + Be)d — @TazyuXfisg
+af(1 - Tdoxy,u)Tdoxy,aXfIl,g
AxTy o . I
dt g = U(Pns,g + Pirg + Qus,g + Quig + Qus,gg’ + QIII,gg’) - (U tYra T Vrut p)XfII,g + ﬁx(XfSI,g + XfIS,g)

_af ((1 - Tdoxy.u)fdoxy,a + Tdoxy,u) XfII,g

Equations for single men:

Men who do not want anal sex

deS — _ — _ _ N JE— —
Qb 0(Psss + Psis + Prss + Pys + Psgs + Psys + Prss + Ppys + Psss.g + Psis,g + Prss,g + Puus,g + Psss,g + Psis,g + Piss,g + PIIS,g)
+o (QSSS,g + Qsis,g T Qrssg + QIIS,g) + YmudXm; — pXmg
dXm,; - S
a U(PSSI + Psyp + Prsp + Py + Pssy + Psyp + Prgp + Prp + Pssig + Psirg + Prsig + Purg + Pssig + Psipg + Prsig + PIII,g)

+U(QSSI,g + Qsi1,g + Qusig + QIII,g) = YmuXm; — pXmy

Men who want anal sex

dXmg g _ _ J— J—
—r = (Psssg’ + Psisg + Piss,g' + Puisg' + Psssg' + Psisg' + Piss.g + Puisg) + YmuXmy g — pXmg g
+U(Q515,g’ + Qsis,9' + Qiss,g’ + Qus,g’ + Osisgg’ + Osisgg’ T Qussgg’ + QIIS,gg')
deI ’
g 5 5 5 5
3 - 9(Pssig' + Psing' + Pisig’ + Puig + Pssig' + Psing + Pisig + Pring) = YmuXmy g0 — pXmy g1

+‘7(+Q551,g’ + qu,g' + QISI,g' + Qm,g’ + stng’ + qu,gg’ + QISI,gg’ + QIII,gg')



Equations for pairs with vaginal sex only (P):

Pairs where both partners do not want anal sex

dPsss XfssXmg —~
Q- 2p X 0Psss + VPsss + VruPiss + VraPsis + YmuPssi + @5 TazyudTazyuPisi + @ TazyuPrss

+a {9 =1 Tazy,uTazy,aqTazy,uPlll + Tazy,uTazy,aPllS
f
0=0 Tdoxy,ufdoxy,aqTazy,uPIII + Tdoxy,quoxy,aPIIS + Tdoxy,aPSIS + Tdoxy.aqrazy,uPSII
dPsg =9 XfssXm
dt rX
0=1 (Tazy,u"'-azy,a(1 - Q) + Tazy.urazy,aq(l - Tazy,u)) PIII

74 —
+ UPSSI + Vf,uPlSl + Vf,aPSlI - (0 + Vm,u + ﬁu‘l)uu)PSSl + le (Tazy,u(l - Q) + Tazy,uq(l - Tazy,u)) PISI

+ar
6=0 ("—-doxy,u‘L-dnxy,a(1 - q) + Tdoxy,quoxy,aq(l - Tazy,u)) PIII + (Tdoxy,a(l - q) + Tdoxy,uq(l - Tazy,u)) PSII

dPs;s XfsiXmg —
- 2p X + vPsis + Vi Pus + YmuPsi — (U tYrat Bx)PSIS

+a {9 =1 Tazy,u(l - Tazy,a)qrazy,uplll + Tazy,u(l - Tazy,a)PIIS
f
0=0 Tdoxy,u(l - Tdoxy,a)qrazy,uplll + Tdoxy,u(l - Tdoxy,a)PIIS - Tdoxy,aPSIS + (1 - Tdoxy,a)qTazy,uPSII

dPs; -9 Xfs Xmy

dt pZT + Uﬁ;l + Yf,uPlll - (0 + Vf,a + Vm,u + ﬁx + ﬁud)uu)PSH
" 0=1 (Tazy,u(1 - Tazy,a)(l - Q) + Tazy,u(l - Tazy,a)‘](l - Tazy,u)) PIII
a
f
0=0 (Tdoxy,u(l - Tdnxy,a)(l - Q) + Tdoxy,u(l - Tdoxy,a)q(l - Tazy,u)) PIII - (Tdoxy,a + (1 - Tdoxy,u)q‘[azy,u)PSH
dPiss XfisXmg —
dt = 2,0 ZX + l)PISS + yf,aPIIS + ym,uPISl - (O- + yf,u + Bx + ﬁud’uu)PISS + af(l - Tazy,u)qrazy,uPISI - afTazy,uPISS
+a {9 =1 (1 - Tazy,u)Tazy,aqTazy,uPIll + (1 - Tazy,u)Tazy,aPllS
4 0=0 (1 - Tdoxy,u)rdoxy.aqTazy,uPIIl + (1 - Tdoxy,u)rdoxy,apns
dPis; XfisXmy —
dt = szT + UPISS + Vf,aPllI + ﬁu‘puuPlSS + ﬁu¢uuPSSl - (J + Vf,u + Vm,u + ﬁx)PISI - af(Tazy,u + (1 - Tazy,u)qTazy,u)PISl
" 0= ((1 - Tazy.u)Tazy,a(l - Q) + (1 - Tazy,u)Tazy,aQ(l - Tazy,u)) PIII
a
f
0= ((1 - Tdoxy,u)‘[doxy,a(l - CI) + (1 - Tdoxy,u)Tdoxy,aq(l - Tazy,u)) PIII
dPys XfuXmg —
Tl 2 SX + 0Pris + Vimu Pt + Br(Piss + Psis) — (0 + Vra + Yru + Budbun) Pus
+a {9 =1 (1 - Tazy,u)(l - Tazy,a)qrazy,uPIII - (Tazy,u + (1 - Tazy,u)Tazy,a)PHS
4 0=0 (1 - Tdoxy,u)(l - Tdoxy,a)q‘[azy,uplll - (Tdoxy,u + (1 - Tdoxy,u)Tdoxy,a)PIIS
dPy; XfuXm; .
T ZpZ—X + Py + BuPuuPris + BxPrs + (Bu®uy + Bx)Pspy — (0 T Yrut Vmu T Vf,a)Pul

. {9 =1 (Tazyu + (1 = Tazyu)Tazya + (1 = Tazyu) (1 = Tazy,a)aTazyu) P
0=0 (Taoxyu + (1 = Taoxyu)Taoxya + (1 = Taoxyu) (1 = Taoxy,a)dTazyu) Pt
Pairs where both partners do not want anal sex but the female partner had recent anal sex with a
previous partner
dPsss _ 20 XfssXmg
dt >X

+af(Tdoxy,quoxy,aPIIS + Tdoxy,aPSIS + Tdoxy,aqTazy,uPSII)

- (U + U)P;;S + yf,uPES + yf,aP;S + ym,uP;;I + af (Tazy.uqrazy,uplzl + Tazy,uP;S + Tdoxy,urdoxy,aqTazy,up;;I)

dP’sE: _ XfssXmy

dt Zp ZX - (0 + U)FT?;I + yf,uﬁl;l + Yf,aﬁS?l - (Ym,u + ﬂu‘puu)P;;I + af (Tazy,u(l - Q) + Tazy,uQ(l - Tazy,u)) Ijl;l

+af (Toiwcy.u":dmcy,a(1 - q) + Tdoxy,quoxy,aQ(l - Tazy,u)) pITI + ar (Tdoxy,a(l - Q) + Tdoxy,aq(l - Tazy,u)) P;H

dPgg _, Xfo Xmg
dt >X

+adeoxy,u(1 - Tdoxy.a)P’ITS + af(l - Tdoxy,a)qrazy,up.s;l

- (G + U)P;S + yf,up;;s + ym,uP;;I - (yf,a + ﬁx)P;;S + af‘[doxy.u(l - Tdoxy,a)qrazy.upl—;l - adeaxy,aP;S

dPg; XfaXm, _ _ _ _
dt = pZT - (O- + U)PSII + }/f,uPIII - ()/f,a + ym,u + Bx + ﬁud’uu)PSII - af (Tdaxy,a + (1 - Tdaxy,a)qrazy,u)PSH

+af (Tdoxy.u(l - Tdoxy,a)(l - Q) + Tdaxy,u(l - Tdoxy,a)‘?(l - Tazy,u)) PI-;I



dPss _, XfisXmg
at P yx
+af(1 - Tdoxy,u)‘[doxy,aqrazy,up;l + le(l - Tdoxy,u)Tdoxy,aE;S

- (G + U)P/I-.STS + Yf,aE;S + ym,uﬁl-;l - (yf,u + ﬁx + ﬁu¢uu)P7;S + af(l - Tazy,u)qTazy,uP’I-;I - afTazy,uP’I-.;S

dPs; -9 XFisXm
ac P Y X
+af ((1 - Tdoxy,u)rdoxy,a(l - Q) + (1 - Tdoxy.u)rdoxy,aQ(l - Tazy,u)) pl-;l - af(Tazy,u + (1 - Tazy.u)q":azy,u)ﬁl-;l

- (U + U)P’I-S\'S + Vf,aﬁ;;l + ﬂu‘puuP’I;S + ﬁu(puupgl - (Vf,u + Ymu + ﬁx)FTI;I

dPys XfuXmg _ _ - _ _
dt = pZT - (G + U)PIIS + ym,uPllI + ﬁx(PISS + PSIS) - (yf,a + yf,u + ﬁud’uu)PHS + af(l - Tdoxy,u)(l - Tdoxy,a)qfazy,uPIll

_af(Tdoxy,u + (1 - Tdoxy.u)‘[doxy,a)ﬁl-l\s
dPy _ X/fIIXml
a  PTyx

_af(Tdoxy,u + (1 - Tdoxy.u)‘[daxy,a + (1 - Tdoxy,u)(l - Tdoxy,a)qrazy,u)ﬁl-;I

- (U + U)P’ITI + ﬁu(puuﬁITS + ﬁxP’l;I + (ﬁu‘puu + ﬁx)ﬁS?I - (yf,u + Vm,u + yf,a)P’ITI

Pairs where the female partner wants anal sex but it does not happen in this partnership
sts,ngs
>X

{9 =1 Tazy,urazy,aqTazy,uPIII,g + Tazy,uTazy,aPIIS,g
tar

dPsss,g

T 2p(1-6)

- aPSSS,g + UPSSS,g + Vf,uPISS,g + Vf,aPSIS,g + Vm,uPSSI,g + afTazy,unazy,uPlSI,g + afTazy,uPISS,g
60=0 Tdoxy,quoxy,aqrazy.uPIII,g + Tdaxy,urdoxy,aPIIS,g + Tdoxy,aPSIS,g + Tdoxy,aqrazy,uPSIl.g
sts,gX my
rX
+ay (Tazy,u(l -q)+ Tazy,uq(l - Tazy,u)) PlSI,g
=1 (Tazy.urﬂ-zy.a(l -+ Tazy,u"—'azy,aq(l - Tazy,u)) Piig

0=0 (Tdoxy,u'[doxy,a(1 - Q) + Tdoxy,quoxy,aq(l - Tazy,u)) PIIl,g + (Tdoxy,a(l - Q) + Tdoxy,aQ(l - Tazy,u)) PSII,g

dPSSl,g _

T Zp(l -6) + UPssl,g + Vf,uPISI,g + Vf,aPSII,g - (U + VYmu + ﬁud)uu)PSSl,g

+ocf

X fS,,gX mg
rX
ta {9 =1 Tazy,u(l - Tazy,a)qrazy,uplll,g + Tazy,u(l - Tazy,a)PHS,g
f
60=0 Tdoxy,u(l - Tdoxy,a)qrazy,uplll,g + Tdoxy.u(l - Tdoxy,a)PIIS.g - Tdoxy,aPSIS,g + (1 - Tdoxy.a)q‘[azy,uPSII,g

Wiso _ 2001~ 8)

dt + Um + )/f.uPIIS,g + ym,uPSIl.g - (G +Vrat BX)PS’S'Q

dPsy;, XfsigXmy N
Tg =2p(1-96) 2’;)( + UPSII,g + Vf,uPIIl,g - (0 +V¥fat VYmu T By + ﬁud)uu)PSlI,g
4 =1 (Tazy,u(l - Tazy,a)(l — q) + Tazy,u(l — Tazy,a)q(l - Tazy,u)) PIII,g
a
f
0=0 (Tdoxy.u(l - Tdaxy,a)(l - Q) + Tdoxy,u(l - Tdoxy.a)q(l - Tazy,u)) PIII,g - (Tdoxy,a + (1 - Tdaxy,a)qrazy,u)PSIl,g
dPISS, XfIS, Xms —
Tg = Zp(l - 6) Zg—X + UPISS,g + Yf,aPIIS,g + Vm,uPlSI,g - (U + Yf,u + ﬁx + ﬁud)uu)PISS,g + af(l - Tazy.u)qTazy,uPISI,g
_afTazy,uPISS,g

+a {6 =1 (1 - Tazy,u)Tazy,aqTazy,uPlII,g + (1 - Tazy,u)Tazy,aPllS,g
f
0=0 (1 - Tdoxy,u)‘[doxy,aqTazy,uPIII,g + (1 - Tdoxy,u)Tdaxy,aPllS,g

Xf,s_ng

dPISI,g 1 —
. - + UPISS,g + Yf,aPIII,g + ﬁud’uuPISS,g + ﬁud’uuPSSI,g - (U + Yf,u + Ymu + ﬁx)PISI,g

it 2p(1-9)

_af(TllZy.u + (1 - Tazy,u)qTazy,u)PISI,g
=1 ((1 - Tazy,u)Tazy,a(l - q) + (1 - Tazy,u)Tazy,aq(l - Tazy,u)) PIII,g

0=0 ((1 - Tdaxy,u)Tdoxy,a(l - Q) + (1 - Tdoxy,u)rdoxy.aq(l - Tazy,u)) PIII,g

Xf“'ngs

+0(f
dPIIS,g
T 2p(1-9)

+ {8 =1 (1 - Tazy,u)(l - Tazy,a)q‘[azy,uPIIl,g - (Tazy,u + (1 - Tazy,u)Tazy,a)PlIS,g
4 0=0 (1 - Tdoxy,u)(l - Tdoxy,a)qTazy,uPIll,g - (Tdoxy,u + (1 - Tdoxy,u)Tdoxy,a)PllS,g

+ vPIIS,g + Vm,uPIll,g + ﬁx(PISS,g + PSIS,g) - (U + yf,a + yf,u + ﬁud)uu)PlIS,g

dPIII,g = 2p(1-6) Xfll,gxml

T - + UITII—ITg + ﬁu¢uuPIIS,g + ﬁxPISl,g + (ﬁuqbuu + ﬁx)PSll,g - (O- + yf,u + Ymu + yf,a)PIII,g
a {9 =1 (Tazy,u + (1 - Tazy,u)Tazy,a + (1 - Tazy,u)(l - Tazy,a)qTazy,u)PIII,g
Y5

0=0 (Tdoxy,u + (1 - Tdoxy.u)fdoxy,a + (1 - Tdoxy.u)(l - Tdoxy,a)qTazy,u)PIII,g



Pairs where the female partner wants anal sex but it does not happen in this partnership, but she had
recent anal sex with a previous partner

dp. SSS, X fss, Xmg _ _ N _ _ .
Tg = Zp(l - 5) Z"+X - (U + U)PSSS,g + Yf,uPISS,g + Vf,aPSIS,g + ym.uPSSI,g + af(Tazy,unazy,uPISI,g + Tazy,uPISS,g)

+af(Tdoxy,u‘[doxy,aqTazy,uPIII,g + Tdoxy,u‘[doxy,aPIIS,g + Tdoxy,aPSIS,g + Tdoxy,aq‘[azy,uPSIl,g)

dPsg, Xfss,gXmy —— . J— I
Tg =2p(1-9) # — (0 +V)Pss1 g + YruPisig + VraPsirg — (Vm,u + ﬁu‘l’uu)Psng

+af (Tazy,u(l - Q) + Tazy,uq(l - Tazy,u)) PISI,g + ar (Tdnxy,urdnxy,a(l - q) + Tdoxy,quoxy,uQ(l - Tazy,u)) PIII,g

+af (Tdoxy.a(l - Q) + Tdoxy,a‘?(l - Tazy,u)) P/SII\g

WPosy o o _ gy Foakms

dt > X —(o+ U)PSIS'Q *+¥rabPusg + YmuPsig — (Vf,a + ﬁx)PSIS.g + adeoxy.u(l - Tdoxy,a)q‘[azy,uplll,g

_adeoxy,aPSIS,g + adeoxy,u(l - Tdoxy,a)P/lI—S;; + af(l - Tdoxy,a)qTazy,uPSlI,g

dPgy; 4 SlI, fSI, Xmy — — N

Tg =2 (1 - 6) ZgX - (U + 1))PSII,g + yf,uPIII,g - (Yf,a + Ymu + ﬁx + Bud)uu)PSII,g
—Qar (Tdoxy,a + (1 - Tdoxy,u)q‘[azy,u)PSIl,g + ag (Tdoxy,u(l - Tdoxy,a)(]- - q) + Tdoxy,u(l - Tdoxy,a)q(l - Tazy,u)) PlII,g

dPISS.g fIS g — —

T =2 (1 - 5) ZX - (U + U)PISSg + yf aPIISg + ¥Ym, uPISIg (yf,u + Bx + Bu(l)uu)PISS,g + af(l - Tazy,u)qrazy,uPISI,g
—QfTgzy, uPISSg + af(l - Tdoxy,u)rdoxy,aunzy,uPIH,g + af(l - Tdoxy,u)rdoxy,aPIIS,g

dPs, fls Xmy — — — — —

Tg = Zp(l 5) ZgX (0 + U)PISS,g + Yf,aPIIl,g + ﬂu‘buuPISS,g + ﬁu‘buuPSSI,g - (Vf,u + Vm,u + ﬁX)PISI'y

+af ((1 - Tdoxy,u)rdoxy,a(l - q) + (1 - Tdnxy,u)fdoxy,aq(l - Tazy,u)) F”—I; - af(razy,u + (1 - Tazy,u)qTazy,u)m

dPys g fu Xmg — — . _
T — =2p(1-9) ;X — (0 +V)Pysg + VYmuPirg + 5x(P155,g + PSIS,g) ~(Vratvrut ﬂu‘Puu)Pus,g
+af(1 - Tdoxy,u)(l - Tdoxy,a)q‘[azy,uplll,g - af(Tdoxy,u + (1 - Tdoxy,u)'[doxy,a)PIIS,g
dPIIIg XfII,ngI — S I _ .
dt =2 (1 - 6) ZX - (U + U)PIII,g + Bu(;buuPIIS,g + BxPISI,g + (ﬁu‘i’uu + ﬁx)PSII,g - (yf,u + Ymu + Yf,a)PIII,g

_af(Tdoxy,u + (1 - Tdnxy,u)fdoxy,a + (1 - Tdnxy,u)(l - Tdnxy,a)q‘[azy,u)m

Pairs where the male partner wants anal sex but it does not happen in this partnership

APsss,g' XfssXmg gt _
i - =2p(1- 5)Z—X — 0Psss.g' + UPsss o' + VruPissg' + VraPsisg’ + YmuPssig' + @ TazyulTazyuPisi,g’
+afTazy,uPISS,g’

+a 0=1 Tazy,urazy,aqrazy.uPIIl,g’ + Tazy,urazy.aPIIS,g’
f

6=0 Tdoxy,quoxy,aunzy,uPIII,g’ + Tdoxy,quoxy,aPllS,g’ + Tdoxy,aPSIS,g’ + Tdoxy,uq‘[azy,uPSII,g’

dPgg; g XfssXmy g .
T =2 (1 - 5)T + UPSSI,g’ + yf,uPISI,g’ + yf,aPSII,g’ - (G + Vmu t Bud’uu)PSSI,g'

-fo (Tazy,u(1 - Q) + Tazy,u‘?(l - Tazy,u)) PISI:g,
0=1 (Tazy,u‘[azy,a(l - q) + Tazy,uTazy,aq(l - Tazy,u)) Plll,g’

+af
60=0 (":oioxy,uTdoxy,a(1 - Q) + Tdoxy,quoxy,aQ(l - Tazy,u)) PIII,g' + (Tdoxy,a(l - Q) + Tdoxy,aQ(l - Tazy,u)) PSII,g’
APsys,g' XfsiXmg g —
Tg = Zp(l - 5) Z—Xg + vPSlS,g' + yf,uPIIS,g’ + Vm,uPSII,g’ - (J + Yfa + ﬁx)PSIS.g’

+a {9 =1 Tazy,u(l - Tazy,a)qTazy,uPIII,g’ + Tazy.u(l - Tazy,a)PHS,g’
f

0=0 Tdoxy.u(l - Tdoxy,a)qfazy.uplll,g’ + Tdoxy,u(l - Tdoxy,a)PIIS,g’ - Tdoxy,aPSIS,g’ + (1 - Tdoxy.a)qrazy,uPSII,g’

dPSII,g' XfaX
- 20(1=98)——

ZX + UPSIIg’ + Vfuplllg’ - (0 +V¥fa T Ymu + By + ﬁud)uu)PSllg
=1 (Tazy_u(l = Tazya) A — @) + Tazyu(1 — Tazya)a(1 — Tazy’u)) Py

+ar
60=0 (Tdoxy,u(l - Tdoxy,a)(l - q) + Tclaxy,u(1 - Tdoxy,a)q(l - Tazy,u)) PIII,g’ - (Tdoxy,a + (1 - Tdoxy,a)qTazy,u)PSII,g’



flsxm

dPlss,g’ X S,g’ —
-, = 2,0(1 - 5) Z—X + UPISS,g’ + Vf,aPIIS,g’ + Vm,uPISI,g’ - (U + Yru + ﬂx + ﬁu¢uu)PISS,g’ + le(l - Tazy,u)qTazy,uPISI,g’

dt
_afTazy,uPISS,g’
+a {9 =1 (1 - Tazy,u)Tazy,aq‘[azy,uplu,g’ + (1 - Tazy,u)razy,aPIIS,g’
! 0=0 (1 - Tdoxy,u)Tdoxy,aq‘[azy,uplll,g’ + (1 - Tdoxy,u)Tdoxy,aPIIS,g’
dPISI,g’ Xflsxml,g’ —
T = 2,0(1 - 6)T + UPISS.g’ + yf,aPIII,g’ + ﬁu¢uuPISS,g’ + ﬁu¢uuPSSI,g' - (G + Yfu + Ymu + ﬁx)PISI,g’
—ar (Tazy,u + (1 - Tazy,u)qrazy,u)PISI,g’

0=1 ((1 - Tazy,u)Tazy,a(l - q) + (1 - Tazy,u)Tazy,aQ(l - Tazy,u)) Plll,g’

+af
0=0 ((1 - Tdoxy,u)rdoxy,a(l - Q) + (1 - Tdoxy,u)Tdoxy,aQ(l - Tazy,u)) PIII,g’
Pisg' XfuXmg g —
dt % =2p(1-6)- X =+ VPusg + YmuPurg + Be(Pissg’ + Psisg) = (0 +Vra + Vru + Bubuu)Pus g

ta {9 =1 (1 - Tazy,u)(1 - Tazy,a)qTazy,uPIII,g' - (Tazy,u + (1 - Tazy,u)Tazy,a)PIIS,g’
f

0=0 (1 - Tdoxy,u)(l - Tdoxy.a)qrazy,uplll,g’ - (Tdoxy,u + (1 - Tdoxy,u)Tdoxy,a)PIIS,g’

XfuXmy g .
Z—Xg + vPllI.g’ + ﬁud’uuplls,g’ + ﬁxPISI,g’ + (ﬁud’uu + ﬁx)PSII,g’ - (U + Yru + Ymu + Yf,a)PllI,g’

o {9 =1 (Tazy,u + (1 - Tazy,u)Tazy,a + (1 - Tazy,u)(l - Tazy,a)q‘[azy,u)PHl,g’
—%r

0=0 (Tdoxy,u + (1 - Tdoxy,u)Tdoxy,a + (1 - Tdaxy,u)(1 - Tdoxy,a)qrazy,u)PIII,g’

Pairs where the male partner wants anal sex but it does not happen in this partnership, and the female
partner had recent anal sex with a previous partner

dPsss,g' XfssXmg gt P I _ .
Tg =2p(1-96) Tg — (0 +V)Psss,9' + YruPrssg t VraPsisg’ + YmuPssig'

+af(Tazy,unazy,uPISI,g’ + Tazy,uPISS,g’ + Tdoxy,quoxy,aqTazy,uPlII,g’)

+af(Tdaxy,ufdoxy,aPIIS,g' + Tdoxy,aPSIS,g' + Tdoxy,aq‘[azy,uPSII,g’)

dPggy g XfssXmy g N — . .
Tg =2p(1 - 5)Tg = (0 +v)Pss1 g + VruPrsg + YraPsing — (Ymu + ﬁud’uu)PSSI,g’

+af (Tolzy.u(1 - q) + Tazy,uQ(l - Tazy,u)) PT.STQ’

+af (Tdoxy,quszy,a(1 - Q) + Tdoxy,quoxy,aQ(l - Tazy,u)) Plll,g’ + af (Tdoxy,a(1 - Q) + Tdoxy,aq(l - Tazy,u)) PSII,g’

dPgis,g' XfsiXmg g — _ N _ .
dt g = Zp(l - 5) ZX g - (U + U)PSIS,g’ + Vf,uPIIS,g’ + Vm,uPSII,g’ - (Vf,a + ﬁx)PSIS,g' + adeoxy,u(l - Tdoxy,a)qTazy,uPllI,g'
_adeoxy,aPSIS,g' + adeoxy,u(l - Tdoxy,a)PIIS,g’ + af(l - Tdoxy,a)qTazy,uPSII,g’
dPg; g X’E?IXml, ' — J— I
Tg = Zp(l - 6)Z—Xg —(o+ U)PSII,g’ + Vf,uplll,g’ - (Yf,a + VYmu + Bx + ﬁud’uu)PSlI,g’
—Qar (Tdoxy,a + (1 - Tdoxy,a)q‘[azy,u)PSII,g’ + ag (Tdoxy,u(l - Tdoxy,a)(]- - Q) + Tdoxy,u(l - Tdoxy,a)q(l - Tazy,u)) Plll,g’
dPss g X/ﬁsxms, ' J— — — . .
dt g = Zp(l - 5) ZX g — (U + U)PISS,g’ + yf,aPIlS,g’ + Vm.uPISI,g' - (Vf,u + ﬁx + ﬁud’uu)PlSS,g' - afTazy,uPISS,g’
+af(1 - Tazy,u)q‘[azy,uPISl,g’ + af(l - Tdoxy,u)‘[doxy,aqTazy,uPIII,g’ + af(l - Tdoxy,u)Tdoxy,aPIIS,g’
APisyg Kfis Xmy g — I S J— I
Tg = Zp(l - 6)2—)(9 - (U + U)PISS,g’ + Yf,aPIII,g’ + ﬁud’uuplss,g’ + ﬂu(puuPSSI,g’ - (yf,u + Vmu t Bx)PISI,g’

+af ((1 - Tdoxy,u)Tdoxy,a(l - CI) + (1 - Tdoxy,u)‘[doxy,aq(l - Tazy,u)) P/IIE’ - af(Tazy,u + (1 - Tazy,u)q‘[azy,u)P’I;I,\g’

aPys.g X/f,,Xm& ! — — — — —
Tg =2p(1-9) Z—Xg —(o+ U)Pus,g’ + YmauPrrg + By (PISS,g’ + PSIS,g’) - (Yf,a +Vrut ﬁud)uu)PIIS,g’
+af(1 - Tdoxy,u)(l - Tdoxy,u)qrazy,uplll,g’ - “f(rdoxy,u + (1 - Tdoxy,u)fdoxy,u)PIIS,g’
dP”I‘ ’ X‘f;,XmI' ’ . . . . .
Tg = Zp(l - 6)Z—Xg - (J + U)Plll,g’ + Bud)uuPIIS,g' + BXPISI,g’ + (ﬁud)uu + ﬁx)PSII,g’ - (Yf,u + Ymu + yf,a)PIII,g’

_af(Tdoxy,u + (1 - Tdoxy.u)‘[daxy,a + (1 - Tdoxy,u)(l - Tdoxy,a)qrazy,u)m'
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Equations for pairs with vaginal sex and anal sex (Q):

Pairs where the female partner wants anal sex

dQsss, Xfss.gXms XfssgXms
dt g = 2/)5 ZgX + 2p6# - JQSSS,g + Vf,uQISS,g + Yf,aQSIS,g + Vm,uQSSI,g + afTazy,unazy,quSl,g + afTazy,uQISS,g
+af(Tdoxy,quoxy,aqTazy,uQIll,g + Tdoxy,quoxy,anlS,g + Tdoxy,a QSIS,g + Tdoxy,aq‘[azy,uQSII,g)
dQssr, Xfss gXmy Xfss gXmy
dt g = 2p6 ZgX + 2p6# + )/f,uQISI,g + yf,aQSlI,g - (G + Ymu + ﬁu¢ua + ﬁa¢a)QSSl,g

+ag (Tazy,u(1 -+ Tazy,uCI(l - Tazy,u)) QlSI,g + ar (Tdoxy,u‘[doxy,a(l -q+ Tdoxy,quoxy,aq(l - Tazy,u)) QIll,g

+af (Tdoxy,a(l - CI) + Tdoxy,uq(l - Tazy,u)) QSII,g

dQss, Xfs1 gXms Xfs1,gXms
dt g = 2/75 ZgX 2,06297)( + }/f,uQIIS,g + Ym,uQSII,g - (G + )/f,a + Bx + Ba¢a)QSIS,g + af‘[doxy,u(l - Tdoxy,a)QHS,g
+adeaxy,u(1 - Tdoxy,a)qrazy,uQIII,g - adeoxy,aQSIS,g + af(l - Tdoxy,a)qrazy,uQSII,g
dQSII,g _ XfSI,gme XfSI,gXTnI

dt ZP‘S ZX + 2p(5 ZX + yf,uQIII,g - (U + Yf,a + Ymu + ﬁx + ﬁud’uu)QSII.g + ﬁa¢aQSlS,g + ﬁad’aQSSI,g

+af (Tdoxy,u(1 - Tdoxy,a)(l - Q) + Tdoxy,u(l - Tdoxy,a)‘](l - Tazy,u)) QIII,g - af(Tdoxy,a + (1 - Tdaxy,a)q‘[azy,u)QSIl,g

dQss, Xfis,gXms Xfis,gXms
dt g 2p(5 ZgX + ngzig;X + Yf,aQIIS,g + Ym,uQISl,g - (U + Yf,u + ﬁx + ﬁud’ua)QISS,g + af(l - Tazy,u)qTazy,quSl,g
_afTazy,uQISS,g + af(l - Tdoxy,u)‘[doxy,aqTazy,qull,g + af(l - Tdoxy,u)Tdoxy,anlS,g
dQISI,g _ XfIS,gme Xfls.gX

my
dt 2p6 ZX + 2,06 ZX + yf,anII,g + Bu(l)anISS,g + ﬁud’anSSI,g - (O- + yf,u + ym,u + ﬁx + ﬁa(l)a)QISI,g

_af(Tuzy,u + (1 - Tazy,u)q‘[azy,u)QISl,g + af ((1 - Tdoxy,u)Tdoxy,u(l - CI) + (1 - Tdoxy,u)‘[doxy,aq(l - Tazy,u)) QIIl,g

dQus, XfgXms W Xmg
dt g = 2p6 ZgX + 2.06 ZgX + ym,uQIII,g + ﬁx(QISS,g + QSIS,g) - (G + }/f,a + yf,u + Bu¢ua + ﬁad’a)QHS,g
+af(1 - Tdoxy.u)(l - Tdoxy,a)qfazy,uQIII.g - af(Tdoxy,u + (1 - Tdoxy,u)fdoxy,a)QHS,g
dQu, XfigXmy X/fj Xmy
Q= O+ 20—+ Bubuaus g + Babalusg + Babalisig + Brlistg + Bubua + BQsing

_(0 + Vf,u + Ymu + yf,a)QIll,g - af(Tdoxy,u + (1 - Tdoxy,u)‘[doxy,a + (1 - Tdoxy,u)(l - Tdoxy,u)q‘[azy,u)QIII,g

Pairs where the male partner wants anal sex

dQSSS,g’ stsxms,g' stsxms,g'
= 2/)5 2/)5 - GQSSS,g’ + yf,uQISS,g’ + yf,aQSIS,g’ + ym,uQSSI,g' + afTazy,unazy,uQISI,g’
dt > X XX
+af(Tazy,uQ1SS,g’ + Tdaxy,quaxy,aqTazy,uQIII,g’ + Tdoxy,urdoxy,aQIIS,g' + Tdoxy,a QSIS,g’ + Tdoxy,aqTazy,uQSII,g')
dQssig’ stsxml,g’ stsxml,g’
dt = 2/)5 Y X + 2.06 Y X + Vf,uQISI,g’ + Vf,aQSII,g' - (J + VYmau + Budua + ﬁad)a)QSSI,g’

+af (Tazy,u(l - Q) + Tazy,uq(l - Tazy,u)) QISI,g’ + ar (Tdoxy,urdoxy,a(l - q) + Tdoxy,quoxy,aQ(l - Tuzy,u)) QIII,g’
+af (Tdoxy.a(l - Q) + Tdoxy,a‘?(l - Tazy,u)) QSII,g’

dQSIS,g’ _ XfSIX"ls,g’ X’/-‘;lxms,g’

dt = 2p6 ZX 1Y ZX + Vf,uQIIS,g' + Vm,uQSII,g' - (J + Yf.a + ﬂx + ﬁad)a)QSIS,g’ - adeoxy,aQSIS.g’

+adeoxy,u(1 - Tdoxy,a)QIIS,g’ + adeoxy,u(l - Tdoxy,a)qTazy,uQIII,g’ + af(l - Tdoxy,a)q‘[azy,uQSII,g’

dQsiyg’ XfsiXmy g X?;IXml, !
dt g = 2p6 ZX g + 2p(5 ZX g + yf,uQIII,g’ - (U + Yfa + Ymu + ﬁx + ﬁud’uu)QSll,g’ + ﬁud)aQSIS,g’ + ﬁa¢aQSSI,g’

+af (Tdoxy.u(l - Tdoxy,a)(l - Q) + Tdaxy,u(l - Tdoxy.a)‘?(l - Tazy.u)) QIII,g’ - af(Tdoxy,a + (1 - Tdoxy,a)qrazy,u)QSH,g’

dQiss,g' XfisXmg, g X’f;sxms, !
dt g = 2.06 ZX g + 2,05 EX g + Vf,aQIIS,g’ + Vm,uQISI,g' - (J + yf,u + ﬁx + ﬁud)ua)QISS,g’

+af(1 - Tazy,u)qrazy,uQISI,g' - afTazy,uQISS,g’ + af(l - Tdoxy,u)rdoxy,aqTazy,uQIII,g’ + af(l - Tdoxy,u)Tdaxy,aQHS,g’
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dQrs1 g’ -9 6Xflsxm1,g’ X?;sxml,g’

dt 1Y EX + 2.06 ZX + Yf,aQIII,g’ + ﬁud)anISS,g’ + ﬂu‘panSSI,g’ - (0 + Yru + Ymu + ﬁx + ﬁad’a)QlSl,g'
_af(Tuzy,u + (1 - Tazy,u)q‘[azy,u)QISl,g’ + af ((1 - Tdnxy,u)Tdoxy,a(l - Q) + (1 - Tdoxy,u)Tdoxy,uQ(l - Tazy,u)) QIII,g’
dQus,g’ XfuXmg g X,f;lxms, !
dt g = 2/)5 ZX g + 2.06 ZX 4 + ym.uQIII,g' + Bx(QISS,g' + QSIS,g') - (G + Yf.a + Yru + Bu¢ua + ﬁad’a)QllS,g’

+af(1 - Tdoxy.u)(l - Tdoxy,a)q‘[azy,uQIH,g’ - af(rdoxy.u + (1 - Tdoxy,u)rdoxy,a)QIIS,g’

Qg XfuXmy g XfuXmy g
dt g = 2pd X g+ 2P5Tg + BubuaQus,g’ + BaPaQusg’ + BaPaCQisig’ + BxQistg’ + (Butua + ﬂx)QSII,g'

_(O- + yf,u + Ymu + yf,a)QIII.g' - af(rdoxy.u + (1 - Tdoxy,u)Tdoxy,a + (1 - Tdoxy,u)(l - Tdoxy,a)qrazy,u)QHI,g’

Pairs where both partners want anal sex

dQSSS,gg' sts,ngSg’ XfSS,gme,g'
dt =2p Y X 4 Y X - UQSSS,gg’ + Vf,uQISS,gg’ + yf,aQSlS,gg’ + ym,uQSSI,gg’ + afTazy,unazy,quSl,gg’

+af(Tuzy,u QISS,gg’ + Tdnxy,quoxy,aqTazy,uQlII,gg’ + TaoxyuTdoxy.a QIIS,gg’ + Tdoxy,aQSIS,gg’ + Tdoxy,aqfazy,uQSII,gg’)

dstL 4 Xfss, Xmy g Xfss, Xmy g
dtgg =2p ;X < +2p ;X <+ VruQisigg' +VraQsigg = (0 + Ymu + Budbua + PaPa)ssigg’

+af (Tazy,u(1 - q) + Tazy,uCI(l - Tazy,u)) QlSI,gg’ + ar (Tdoxy,u‘[aloxy,a(1 - q) + Tdoxy,quoxy,uCI(l - Tazy,u)) QlII,gg'

+af (Tdoxy.a(l - q) + Tdoxy,aQ(l - Tazy,u)) QSII,gg'

dQsis,gg’ XfsgXmg, g KXfs1,gXms g
dtgg =2p %X ’ %X =+ ¥ uQusgg’ + YmuQsingg' = (0 +Vr.a + Be + Ba®a)Qsis,gg’ — ¥ Taoxyalsis.gg
+adeoxy,u(1 - Tdoxy.a)QIIS,gg' + adeoxy,u(l - Tdoxy,a)qfazy,qull,gg’ + af(l - Tdaxy,a)qrazy,uqu,gg’
dQsi1,gg' XfsrgXmy g XfspgXmy g
dtgg =2 %X 9 %X g + yf,uQIII,gg’ - (G + yf,a + Ymu + ﬁx + ﬁu(pua)QSII,gg’ + Bad’aQSIS,gg' + ﬁa¢aQSSI,gg'
+af (Tdnxy,u(l - Tdoxy,u)(l - q) + Tdoxy,u(l - Tdnxy,a)q(l - Tazy,u)) QIIl,gg’ - af(Tdnxy,a + (1 - Tdoxy,a)qrazy,u)QSll,gg’
dQISS,gg’ XfIS,gme,g’ XfIS,gme,g'
P 2p X 1Y X +¥7aQus,gg’ + YmuQirsgg’ — (‘7 +¥rut Bt ﬁud’ua)QISS.gg'
+af(1 - Tazy.u)qrazy,quSI,gg’ - “fTazy,uQISS,gg' + af(l - Tdoxy.u)fdoxy,aqTazy,uQIII,gg' + af(l - Tdoxy.u)fdoxy,aQIIS,gg’
dQisrgq Xf,sngm,, ' Xf,s’ng,, '
dtgg =2p >X >+ 2p >X =+ Yr.aQugg’ + Pubualiss,gg' + PuPualssigg’ — (a TVrut Vmu + B+ ﬁa¢a)Q151,gg'

_af(Tuzy,u + (1 - Tazy,u)qfazy,u)QISl,gg’ + af ((1 - Tdnxy,u)Tdoxy,a(l - Q) + (1 - Tdoxy,u)Tdoxy,uQ(l - Tazy,u)) QIII,gg’

dQyis,gg' XfugXms g Xfi,gXms g
dtgg =2p %X < +2p %X =+ VmauQuigg' + Px(Quss,gg + Qsis,g9) = (0 + Vra + Vru + Bubua + Pada)Qus,gg’

+af(1 - Tdoxy,u)(l - Tdoxy,a)qfazy,uQIH,gg’ - af(Tdoxy,u + (1 - Tdoxy,u)rdoxy,a)QIIS,gg’

dQigg' XfigXmy g X/f?sz, !
dtgg =2p %X g +2p gZX g + ﬂu‘panIIS,gg' + ﬁa‘paQIIS,gg’ + ﬂa¢aQISl,gg' + ﬁxQISI,gg’ + (ﬁu(l’ua + ﬁx)QSII.gg’

_(0 + yf,u + Vm,u + yf,a)QIII.gg’ - af(Tdoxy,u + (1 - Tdoxy,u)Tdaxy,a + (1 - Tdoxy,u)(l - Tdoxy,a)q‘[azy,u)QIIl,gg’

Where Y. Xdenotes the sum of all singles (both males and females). The initial conditions are chosen as
such that the group that prefers anal sex equals Pas.
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The distribution of female urogenital infections and anorectal infections that occur through sex or
autoinoculation was calculated as follows:

Transmission on urogenital location:
Vaginal sex (a): By Puq(Qssi + Qssig + QSSI,g’) + Bubua(Qsir + Qsig + qu,g’) +
Buu(Pssr + Py + Pss1,g + Pssig + Pssi o' + PSSI,g') + Buuu(Psir + Pspy + Psi1,g + Psirg + Psp g + PSII,g’)

Autoinoculation (b): g, (xfs; + Xfs + Xfsig + st:,g) + Be(Qs1s + Qsisg + QSIS,g’) + Be(Qsis + Qsisg + QSIS.g') +
B (PSIS + Pgs + Psrs,g + Psisg + Psisg' + PSIS,g’) + Bx(PSII + Py + Psi1g + Psirg + Psp g + PSII,g’)

where the fractions are calculated as a/(a+b) and b/(a+b) and b denotes the autoinoculation from the
anorectal to the urogenital site

Transmission on anorectal location:
Anal sex (c): ﬁa‘f’ua(QSSI + Qss1,g + QSSl,g') + ﬁad’ua(QSSl + Qss1,g + QSSI,g')

Autoinoculation (d): B,(Xfis + Xfis + Xfisg + XflS,g) + ﬁx(Qms + Qss,g T les,g’) + B (Qust + Qsig + QISl,g') +
ﬁx(PISS + Pigs + Piss.g + Piss,g + Prss,g' + PlSS,g’) + ﬂx(PISI + P + Pisig + Pisig + Prsig + PISI,g’)

where the fractions are calculated as c/(c+d) and d/(c+d) and d denotes the autoinoculation from the
urogenital to the anorectal site
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Text S2 Additional methods

Calibration procedure

The model was parameterized to reflect the chlamydia prevalence of young heterosexual STI clinic visitors
in the Netherlands. Here we describe how we fitted the three unknown parameters (transmission
probability per vaginal sex act and per anal sex act and the daily autoinoculation probability) to the site
specific chlamydia prevalence in females and males.

For the per sex act transmission probabilities, we defined a uniform probability distribution between 0
and 0.10 and for the autoinoculation probability a uniform distribution between 0 and 0.05. The
distributions were then sampled 50,000 times using Latin hypercube sampling.'® For each parameter set,
the model was solved numerically until the system reached a stable state, which is consistent with studies
showing no decrease in chlamydia prevalence in young heterosexuals despite control efforts.'* > We then
recorded the urogenital, anorectal and concurrent chlamydia prevalence in women and urogenital
prevalence in men. Parameter sets were accepted when all 4 model prevalences were within the 95%
confidence intervals of the data. Of the 50,000 parameter sets, 92 fell within the predefined ranges and
were used in all analyses presented in the main text.

In the uncertainty analyses we changed one parameter, for example the anal infection duration, and
fitted the model to the data using the same 50,000 parameter sets of transmission probabilities as in the
main analyses. For each analyses, we again selected the parameters (which can be different from the
main analyses) that resulted in prevalences that fell within the 95% confidence intervals of the data and
calculated the impact of the intervention using those selected parameter sets.

Calculating impact of intervention measures

Figure S1 shows how we calculated the impact of intervention measures for one parameter set. Since
every parameter set resulted in different chlamydia prevalences, we calculated the impact separately for
every selected parameter set and report medians and inter quartile ranges over all parameter sets.
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Figure S1 Example of how the relative reduction in prevalence of introducing the intervention measures is
calculated. The example is for the total chlamydia prevalence (urogenital and/or anorectal infections), and
for the doxycycline intervention measure, but the method is similar for anorectal and urogenital
prevalence and other intervention measures. For every run the difference of the prevalence after 10 years
between continuation of the standard of care (a) and universal doxycycline (b) is calculated and divided
by the prevalence under the standard of care (a). In this particular example, the relative reduction of
universal doxycycline would be (14.4% - 13.7%)/14.4% = 0.049, meaning that universal doxycycline would
reduce the prevalence with 4.9% compared to continuation of the standard of care. This calculation is
repeated for every selected parameter set since every parameter set resulted in slightly different baseline
chlamydia prevalences. We report medians and inter quartile ranges over all parameter sets.

15



Text S3 Additional analyses

Here we show results from additional analyses. First, we show the results for the transmission
probabilities and the distribution of infections that occur through sex or autoinoculation using data from

1314 \We then show the results of

the two additional data sources on universal routine anorectal testing.
the impact of intervention measures on urogenital (Table S3) and anorectal prevalence (Table S4), the

total prevalence is given in the main document.
Two other studies on universal testing

The first study was in South-African women visiting primary care facilities.”* The urogenital prevalence
(16.0%) was slightly higher than the Dutch study, but the anorectal prevalence (7.1%) and the concurrent
infections (calculated as 5.3% (32/603) from Dukers-Muijrers et al.’®) were lower. The fraction of reported
anal sex was much lower (5%) and the percentage of people with a steady partner was high (94%) which
we accounted for in the model by changing pair formation and separation rates and the fraction of
women having had recent anal sex. The second study was performed in a Danish STl clinic.** They found
similar female urogenital prevalence (14.5%), but lower anorectal prevalence (5.6%) and concurrent
infections (calculated as 4.6% (9/196) from Dukers-Muijrers et al.”®) and a lower male prevalence (6.5%).
Since no data on partner change rates or sex frequency were reported, it was assumed to be similar to the
Dutch STl clinic visitors data from the main analyses. This is reasonable since the reported recent anal sex
was also comparable between the studies (14% in the last 3 months vs 18% in the last 6 months). The
results of the transmission probabilities and distribution of infections are shown in Figure S1.
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Figure S2 The calibrated transmission probabilities (A and C) and the corresponding distribution of female
urogenital infections (white) and anorectal infections (grey) that occur through sex or autoinoculation (B
and D) for fitting to the data from Peters et al.** (top row) or the data from @stergard et al.** (bottom
row). Results are presented as medians (black line), with the boxes representing the inter quartile ranges
and the bars the minimum and maximum values.
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Impact of intervention measures on urogenital and anorectal prevalence

Table S3 Relative reduction of urogenital chlamydia prevalence of female STl clinic visitors 10 years after introducing universal routine doxycycline

treatment or universal routine anorectal testing or both interventions combined compared to continuation of standard of care.

Universal routine

Universal routine

Both interventions

doxycycline anorectal testing
% (IQR) % (IQR) % (IQR)
Baseline 4.1(3.3-5.2) 8.2(7.0-9.4) 8.8(7.7-9.9)
Uncertainty analyses
Infection parameters
Anal infection duration is doubled (2 years) 3.9(3.0-4.5) 11.2(9.7-12.2) 11.8(10.4-12.8)
Anal infection duration is halved (0.5 year) 4.6 (3.6-5.2) 6.5(5.4-7.3) 7.1(6.1-7.9)
Behavioural parameters
Higher frequency of anal sex acts (once per week) 4.1(3.2-4.8) 8.0(7.1-8.7) 8.5(7.7-9.2)
Lower vaginal sex acts in pairs that also engage in anal sex (same
) ) 4.3(3.7-5.1) 8.4 (7.5—-9.5) 9.1(8.2-10.1)

amount of sex acts in both partnerships)
Higher fraction of people with recent anal sex (30%) 2.7 (2.2-3.0) 5.0(4.2-5.3) 5.6 (4.9-5.9)
Treatment parameters
Lower azithromycin effectiveness for anorectal infection (56%) 8.6(6.6—11.1) 12.5(10.2 - 15.3) 13.2(10.9-15.9)
Lower doxycycline effectiveness for anorectal infection (90%) 2.5(2.0-2.9) 6.3(5.4-6.8) 6.9 (6.1-7.4)
Higher azithromycin and doxycycline efficacy for urogenital infection

& yer yey Y & 4.4 (3.6-53) 8.4 (7.2-9.3) 9.1(8.0-10.0)
(96.8% and 100%)
Other scenarios
Azithromycin as the standard of care for anorectal infections™ 6.7 (5.7-8.3) 10.7 (9.3-12.4) 11.4 (10.0-12.9)
Higher female testing uptake (from 14% to 40% per year) 4.5(3.7-5.3) 8.4(7.5-9.3) 9.1(8.2-9.8)
Other data source
Peters et al (South-African primary care facility data)™ 2.9(2.5-3.3) 4.8(3.4-6.2) 6.2(4.9-7.5)
@stergaard et al (Danish STI clinic data)™ 4.2(3.4-4238) 8.5(6.9-9.4) 9.2(7.7-10.1)

IQR, inter quartile ranges; STI, sexual transmitted infection.

18



Table S4 Relative reduction of anorectal chlamydia prevalence of female STl clinic visitors 10 years after introducing universal routine doxycycline treatment

or universal routine anorectal testing or both interventions combined compared to continuation of standard of care.

Universal routine

Universal routine

Both interventions

doxycycline anorectal testing
% (IQR) % (IQR) % (IQR)
Baseline 4.5 (3.7-5.5) 9.2(8.2-10.1) 9.8 (8.9-10.7)
Uncertainty analyses
Infection parameters
Anal infection duration is doubled (2 years) 4.7 (3.0-5.2) 13.8 (12.8 -14.3) 14.3 (13.3-14.7)
Anal infection duration is halved (0.5 year) 4.8 (3.9-5.4) 6.9(6.0-7.6) 7.5(6.7-8.2)
Behavioural parameters
Higher frequency of anal sex acts (once per week) 4.5 (3.6-5.0) 8.7(8.1-9.6) 9.2 (8.6—-10.2)
Lower vaginal sex acts in pairs that also engage in anal sex (same
. . 4.8(4.2-5.4) 9.6 (8.9-10.3) 10.2 (9.6 — 10.9)

amount of sex acts in both partnerships)
Higher fraction of people with recent anal sex (30%) 2.8(2.5-3.2) 5.4(5.0-5.8) 6.0 (5.6 —6.4)
Treatment parameters
Lower azithromycin effectiveness for anorectal infection (56%) 9.7(7.8-12.1) 14.3 (12.3-16.5) 15.0(12.9-17.1)
Lower doxycycline effectiveness for anorectal infection (90%) 2.6(2.2-3.0) 7.0(6.4-7.4) 7.5(7.1-8.0)
Higher azithromycin and doxycycline efficacy for urogenital infection

& yar ey y & 4.8(4.1-5.6) 9.3 (8.5-10.2) 10.0 (9.3 - 10.9)
(96.8% and 100%)
Other scenarios
Azithromycin as the standard of care for anorectal infections®’ 7.4 (6.5-8.8) 12.2 (11.0-13.3) 12.9(11.6-13.8)
Higher female testing uptake (from 14% to 40% per year) 5.1(4.4-5.9) 10.0 (9.6 —10.4) 10.5(10.2-11.0)
Other data source
Peters et al (South-African primary care facility data)®® 4.0(3.5-4.3) 8.6(7.4-9.4) 9.9 (8.7-10.6)
@stergaard et al (Danish STI clinic data)™ 4.6 (4.0-5.2) 9.7 (8.7—-10.2) 10.4 (9.6 — 10.8)

IQR, inter quartile ranges; STI, sexual transmitted infection.
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