Additional file 3 - Associated equations of the model

The ODE system is given below. The notation & denotes the derivative with respect to time such
that ¢ = %. The proportion of females at birth is § and the proportion of males is (1 — §). Functions
of horizontal transmission (f;) are defined in the following equations. The meaning of the parameters

is given in Tables 1 and 2 of the article.

Newborn ¢

(1a) 5%9 = — (Bruv(t) + @).S%, + 6. (nSa(t)-RSaQ + nA-RAQ)

(1b) SBe = — (Buv(t) + f1).SBg + .5%, + 6. (775a(t)-35a9 + nA-SAg)

(1c) Tho = — (Buv(t) + 1" +7).Tee + f1.SBe

(1d) Rpg = — pyuv(t)-Rpe + 7. TBg + 0. (nsa(t) Tsag + 14 Tag + nsa(t).(1 — Psag)-R 4o +na-(1 — pag)-RY,)
(1e) Pig = = (yuv(t) + 1) Ppg + 6.(1 = p).(nsap (t)-Psag + nap-Pag + N5a(t)-Psag- R o + na-pag-RY,)
Newborn ¢

(2a) 8%y = = (ruv(t) + @)-SZa + (1= 6). (nsa(t)-Rsag +na-Rao)

(2b) Sps = — (Byuv(t) + f1)-Sps + 0.S%y + (1= 0). (nSa(t)Ssacf + 7]A~SA9)

(2¢) Tps = — (Buo(t) + 1" +7).Tps + f1.Ss

(2d)  Rpo = — pyuw(t)-Rs +7.Tps + (1 = ). (nsa(t) Tsag + 14 Tag + 15a(t)-(1 = Psag)-RE 4o + na-(1 — pag)-R%,)
(2e) Pps = — (yuv(t) + 7). Pps + (1 = 6).(1 = p)-(nsap (t)-Psag + nap-Pag + N5a(t)-Psag- R4 + nA-pAQ-RZQ)
Young ¢ Young &

(3a) 8%, = — (nyuw(t) +a).5Y, (4a) SO = — (run(t) +0).5%

(3b) Sy = — (Buv(t) + f1).Syq + .59, (4b) Syg = — (gun(t) + f1)-Sye + a.S%
(3¢c) Tyo= — (Byuo() + 1" +7). Ty + f1.Sye (4c) Tys = — (Buo(t) + 17 +7).Tye + f1.5vq
(3d)  Ryo = — ptyun(t).-Ryo +7.Tyo (4d) Rys = — pjuv(t)-Rys +7.Tyo

(3e) Py = — (bjus(t) + uF).Pyg (4e) Pyg = — (bjus(t) + pF).Pyg



Sub-adult ¢ Sub-adult &

(5a) SSae = — (1sag + f1)-SSag (6a) SSasc = — (1Sac + f2)-Ssac

(5b)  Tsag = — (usae + 1" +7).Tsag + f1-Ssae (6b)  Tsas = — (sac + 1" +7).Tsac + f2-Ssac
(5¢) Réaq = — piSag-RE oo +v(t).7-Tsaq (6c)  Rsas = — tsac-Rsas + ¥-Tsac

(5d)  Rsag = — HSag-Rsag + (1 = v(1)).7.Tsaq (6d)  Psas = — (ksas + 1)-Psag

(5e) Psag = — (iSag + #")-Psag

Adult ¢ Adult ¢

(7a) Sag = — (nag+ f1)-Sa¢ +w.Rag (8a) Sas = — (Hac + f3).Sag +w.Rac

(7b) Tag = — (pag+u" +7).Tag + f1-Sag (8b) Tas = — (pas +p” +7).Tac + f3.540
(7c) Rig = — pag- Ry, +v(t).7.Taq (8¢) Ras = — (pas +w).Rao + 7. Tac

(7d)  Rag= — (iag+w)-Rag+ (1 — v(t)).7.Taq (8d) Pis = — (pac + u").Pas

(Te)  Pag= — (pag+n").Paq

Dxo is the proportion of females in the class X (sub-adults or adults) infected during the first half
of gestation. Ty xo(t) is the number of new cases of transiently infected at time ¢ in females who will

be part of the class X (sub-adult or adult) at the time of mating.
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Function of horizontal transmission designated by f; depends on the sex and age of animals.
Thus, according to the contact matrix above, it is considered three forces of infection : f; for juvenile
females and males, sub-adults females and adults females, fo for sub-adult males and f3 for adults
males. N is the total population, 7" and P denote the set of transiently infected and persistently
infected. A frequency-dependent function is used because it is considered that the contact structure is

heterogeneous.



T

(10a) fi= (ﬁrN_TMf * ﬁP'N—T(t).AOa>
T
N

(10b) f2 = <6T~

(o T—7(t).(T5 + Ty + Tsug + Tao)
(10c) fs = <5T~ N —7(t).(B+Y + Saq + Ag)

P —7(t)(Pp + Py + Psag + Pag)
+ Bp.

N —7(t).(B+Y + Saq + Ag)

Density dependence

Sigmoig function use for density dependence on the mortality rate of juveniles and the fertility
rate of females subadults. I the case of fertility rate, the considered population size is at birth, i.e. two

years before.
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