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Table S1: Number of clusters and average silhouette width for different clustering

methods
Hierarchical Non-hierarchical
Single - Complete -y 73 jpGMCE Ward? PAMS
linkage® linkage
Optimal number of 5 3 3 3 3 3
clusters
Averagesilhouette 529 91 981 081 081 0.81
width
Number of ClUStert 220 220 220 220 220 220
o “Irlzatelgr‘?s Cluster 2 180 140 140 143 140 140
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Figure S1: Average silhouette width plotted against number of clusters. The highest
average silhouette width corresponding to the optimum number of clusters is represented with

a red dot.
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Figure S2: Silhouette plot obtained with 3 clusters using PAM. For each cluster j, the
number of replications and the average silhouette width of the cluster are given on the right.
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Figure S3: Complete conceptual model of Pestivirus spread (adapted from Beaunée et al.,
2015°). Squares represent health states: SO, newborns and juveniles protected by maternal
immunity, S, susceptible to infection, T, transiently infected, R, immune, Rg, immune females
infected during pregnancy, P, persistently infected and V/, vaccinated. Solid horizontal arrows
represent flows between compartments (loss of maternal antibodies, infection, recovery, loss of
acquired immunity, vaccination, and loss of vaccine-induced immunity). Solid vertical arrows
represent natural mortality and disease-induced mortality for T and P. Solid grey arrows
represent transitions between age classes. Dashed arrows represent births.
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Figure S4: Graphical representation of seasonality. Mating season started the 5" of
November and ended the 7%" of January (z = 0), birth period started the 30" of April and ended
the 1% of July (¢ = 1), and consequently the gestation period (v = 1) lasted from the 5" of
November (beginning of mating season) to the 1% of July (end of birth season).

Figure S5: Matrix contacts based on sex, age and season (adapted from Beaunée et al.,
2015%). During mating season on the left, and out of mating season on the right. In black:
possible contact, in white: no contact. Age classes: juveniles J, subadults Sa, adults A, old adults
O, very old adults VO. Sex: males in blue and females in red. During mating season, T = 0
because all individuals were in contact (on the left), and out of mating season T = 1 because
adult males (A, O and VO) form a separate group, adult females stay with juveniles and
subadults females, and subadult males were in contact with both groups.
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Figure S6: Distribution of probability density of parameter values for 1%, 2%, 3%, 5%,
10%, 20%, 30%, 40% and 50% of simulations producing lowest chi-square distance between
observed and simulated data using Approximate Bayesian Computation (ABC) approach and
data as described in Beaunée et al. (2015)°. Parameter values corresponded to the 1% threshold
(median and 95% confidence intervals): the coefficient of horizontal transmission from
transiently infected animals B = 0.01[0.002;0.028] , the coefficient of horizontal
transmission from persistently infected animals S, = 0.48[0.33; 0.59] and the disease-related
mortality of transiently infected animals u” = 0.76[0.72; 0.81].



Equations S(1)-(30): Model equations

Transitions between compartments were modelled as stochastic flows assuming demographic
stochasticity. Possible transitions were: mortality M, loss of maternal antibodies A, infection Y,
recovery T', loss of acquired immunity €2, vaccination 0, loss of vaccine-induced immunity A,
hunting @ and test-and-cull ®77. Each was the outcome of a binomial trial. For multiple
transitions from a given compartment, multinomial distributions were used.

Each flow (1, ...,j) from a compartment i was associated with a daily rate x;;(t). The
probability associated Wlth each event j was p;; = [1 — exp(— Xz kij)]- kij/2 2 kij (Breto
et al., 20097), with p;; = — Xj=i pij the probability of staying in compartment i.

Births H followed a binomial distribution with probability 1 — exp(—n). As newborn orphans
are expected to have a very low survival rate, only breeding females still alive at birth time were
considered.

The complete system of mathematical equations describing the updating of variables
corresponding to health states at each time step is given below (1), with X the class age, and ¢
the symbol used when equations are the same between males & and females ?.

The transitions between age groups were not included in these equations because they were
considered as deterministic discrete events happening each 1% of July, with every B, J, and Sa
individuals going into the next age class (J, Sa and A respectively), 1/6 of A becoming O (the
adult age lasting 7 — 2 4+ 1 = 6 years) and 1/5 of O becoming VO (the old adult age lasting
12 — 8+ 1 = 5 years).

SO0xg(t + 1) = S0xg(t) — Mgoxg (t) — Psoxg(t) — Axg(t) + Hgoxg(t)
Sxg(t +1) = Sxg(t) — Mgxg(t) — Psxg(t) — Yyg(t) — Oxg(t) + Axg(t) + Axg(t)
+ Qg (t) + Hgxg ()
Vxg(t +1) = Vyg(t) — Myxg(t) — Pyye(t) — Axe(t) + @xg’ (t)
(1) Txg(t+1) =Txg(t) — Mpxg(t) — qu(t) Dryg(t) — Txg’(t) Txg(£) + Yxg ()
Rxs(t +1) = Ryg(t) — Mgxg(t) — Prya(t) — Qxe(t) + Ixg(t) + Hrxs(t)
Ryo(t + 1) = Ryq(t) — Mpxo(t) — Prye(t) — Qxo(t) + (1 - V(t))- Txo(t) + Hrxo(t)
Rgxe(t +1) = Rgxe(t) — Mggxe(t) — Prgxe(t) + v(£).Txe(t)
Pyg(t + 1) = Pxg(t) — Mpyg(t) — Mpyg(t) — Ppxg(t) — ®Lig(t) + Hpxa(t)

With: A(V,d,0,A) & X #+ B; 3(50,A) & X € {B,]};
dHe X =8B
IR, = X € {Sa, 4,0,V 0}; 30 < X € {4,0,V0}

The equations describing flows are given below for each health state (2-19). Parameter
descriptions are given in Table 2 of the article.

S0 : Individuals protected by maternal antibodies were affected by three events: natural
mortality Mg,, hunting @4, (except for newborns) and loss of maternal antibodies A. We used
the notation SO for the event in which individuals stayed in compartment SO ,
with SO = (Mg, U &g U A).




(2) Newborns: (Mg, Ag,S0) ~ Multinomial(S0g, p1, P2, 1 — X1 P;)

1 — ex 2._ K:
With: vj € [1,2], p; = K;. p[Ei-1x]

i And:xc = [ (D), a]
j=1Kj

(3) Juveniles: (Mg, @so;, A, S0) ~ Multinomial(S0;, py, pz, P31 — X3=1D;)
1= eplBhan)

Kj. 3 And:k = [/'L]uv(t); ¢(t)-ﬂ7uv; 05]

With: vj € [1,3], p; =
j=1%

S Susceptible individuals were affected by the following events; natural mortality Mg,
hunting @, transient infection Y and vaccination ©. We used the notation S for the event in
which individuals stayed in compartment S, with § = (Mg U &5 U Y U 0).

The horizontal transmission function depended on sex and age of individuals and took into
account changes in contact patterns due to the mating season through the Boolean parameter t
defined in 82.2 and Table 1 of the article. Thus, according to the contact matrix (see
Supplementary Fig. S6), three forces of infection were considered (4-6): f; for juveniles
(females and males) and breeding females (subadult to very old adult age classes), f, for
subadult males and f; for adult males. N is the total population, every other capital letter refers
to total number of either a class age (independent of the health state) or a health state (from the
whole population or in a specific class of age and sex as indicated in subscripts). The
transmission function was assumed to be frequency-dependent.

@) f = (,BT- (T —t().Tearo0+vo)s) + Bp. (P — T(t)-P(A+o+V0)d)>

N — (). (A + Oy + VO,)
T P
5) f2= <,8T-N+.BP'N>

Br-[T — 7(¢). (TB+]+(Sa+A+0+V0)Q )]+ Bp.[P — 7(t). (PB+]+(Sa+A+0+V0)9 )]
N—T(t).(B +]+Sa9 +AQ +OQ+VOQ)

6) fz= (

(7) Newborns: (Msg, Yg,S) ~ Multinomial(Sg, p1, p2, 1 — X5-1p;)

. 1—exp|Yig K
j=1%
(8) Juveniles and breeding females (X = {J, Saq, Ao, Oq, V0o}):
(Msx, ®sx, Yy, Ox,S) ~ Multinomial(Sy, p1, P2, P3, Py 1 = Xj=1 ;)

_ . 1 —exp[Y2, K]
with: vj € [1,2], p; = K;. s }é L2 Andik = [up(6), £
j=1Kj

(9) Subadult males:
(Mssas Pssags Ysagr Osags S) ~Multin0mial(SSad, P1, D2, P3» Par 1 — Z?=1 Pj)

1—exp[Xi_, K]
K- 2 ’é = Andix = [sag) P (6). 1Sy, f2, 0(1). Vsqs]
j=1"

(10) Adult males (X = {Ag, 04,V 04}):
Mgy, Psy, Yy, @X,S)~Multin0mial(SX, P1, D2, P3, Par 1 — Z?=1 Pj)
| 1-— exp[Z}L1 K|

With: vj € [1,4], p; = k;. T And:k = [y, ¢(t). uls, f5,0(6). V4]
j=1"

With: vj € [1,4], p; =




V: Vaccinated individuals were affected by natural mortality M,,, hunting @, and loss of
vaccine-induced immunity A. We used the notation V for the event in which individuals stayed
in compartment V, with V. = (M, U ®,, U A).

(11) Juveniles, Subadults and Adults (X = {J, Saq, Sag, Aq, Ag, 0o, 04,V 0q,V04}):
Myy, @yx, Ayy, V) ~ Multinomial(VX, P1, P2, P3, 1 — Z?=1 pj)

1—exp|X3_ k;
With: vj € [1,3], p; = ;. P[Z]_1 1 And:x = [uy, p(t). u, ]

3
j=1Kj

T: Transiently infected animals were affected by natural mortality M, infection-related
mortality MT, hunting @, test-and-cull ®XF and recovery I'. We used the notation T for the
event in which individuals stayed in compartment T with

T=M;uMlud,udlPul).

(12) Newborns: (Myg, M%p, T, T) ~ Multinomial(Tg, p1, P2, P3,1 — X=1p))

_— 1-exp[Xfang] r
With: vj € [1,3], p; = ;. 3 And:x = [ug(t), u’,y]

j=1%j
(13) Juveniles, Subadults and Adul_ts (X ={J,Saq,Sag, Ag,Ag, 09,04,V0o,VO4}) :
(MTX' M?X' CDTX; CD%P}I FX: T) ~ Multinomial(TX, P1, P2, P3» P4» Ps» 1- 215'=1 p])

With: Vi€ 15 1= exp[¥j-11] . T H HTP
ith: vj € [1,5], pj = «;. 5 And:kc = [ux, u", d(6). ux, 0(0).ux" ", v]
j=1%

R: Recovered individuals (immune) were affected by natural mortality Mg, hunting @ and
loss of acquired immunity Q (adults only). We used the notation R for the event in which
individuals stayed in compartment R, with R = (Mz U ®; U Q).

(14) Newborns: Mgg(t)~Bin(Rg(t),1 — exp[—uz(t)])
(15) Juveniles and Subadults (X = {J, Sae, Sa,}):

(Mgy, ®px,R) ~ Multinomial(RX, P1, P2, 1 — Z?=1 pj)

_ . 1 —exp[Y2, K]
With: vj € [1,2], p; = K;. a }i L Andik = [uy, d(2). 1t
j=1"%

(16) Adults (X = {Ag,Ag, 09,04,V 0,,VO4}) :

(Mgy, ®rx, Qx,R) ~ Multinomial(RX, P1, P2, P3, 1 — Z?:l pj)

_ 1—exp|¥3_ K
With: vj € [1,3], p; = ;. 3[ ’é ! ]] And:x = [uy, p(t). ul, w]
j=1"%

Rg: Immune females infected during pregnancy (X = {Saq, Ao, 09,V 0o}) were affected by
natural mortality Mg, and hunting ®,,. We used the notation Rg for the event in which

individuals stayed in compartment Rg, with Rg = (Mg, U ®g,).

(A7) (Mggx, ®rgx,Rg) ~ Multinomial(Rgx, p1, P21 — X1 p;)

o 1—exp[¥i, K]
With: vj € [1,2], p; = K;. a }é 2 And:ii = [uy, ¢ (). uli]
j=1"




P: Permanently infected animals were affected by natural mortality M, and infection-related
mortality M2, hunting @, and test and cull ®ZP. We used the notation P for the event in which

individuals stayed in compartment P, with P = (Mp U M5 U @, U ®TP).

(18) Newborns: (Mpg, Mp, P) ~ Multinomial(Pg, p1, P2, 1 — X5=1P;)

1—exp|¥? K

With: vj € [1,2], p; = ;. f[ =25
j=1Kj

(19) Juveniles, Subadults and Adults (X = {J, Saq, Sag, Ag, Ay, 0g, 04,V 0q,V04}):

(Mpx, My, ®py, D3F, P) ~ Multinomial(Px, py, P2, P3, Par 1 — Yia p;)

_ 4K
1 eXP[ZJ=1KJ] And:x = [uy, uf, d(6). ul, 6(t). uli™?]

Andik = [pg, u”]

j=1Kj

Equations describing births for each health state are given below,
with X = {Sa, 4, 0,V 0} (22-27). The number of females infected during the first half (mothers
of P newborns) and second half (mothers of R newborns) of pregnancy are (20-21):

(20) 1% half: Yrgxe1 () ~Bin((pxer + Pxez)- [RgXQ(t) — Mpgxo(t) — q)RgXQ(t)]:pXSM)
(21) 2" half: Yrgxo2(t) = (Dxe1 + Pxez)- [RgXQ(t) — Mggxo(t) — q)RgXQ(t)] — Prgxe1(t)

Pxo1(t) was the proportion of females in class X (Sa, A, O, or VO) that became Rg after
recovery and were transiently infected during the first half of pregnancy (16). Pregnancy lasted
170 days (Serrano et al., 20158). Females who became infected up to 51 days before pregnancy
were included because the virus was still present when they got pregnant.

Pxeo2(t) was the proportion of females in class X (Sa, A, O, or VO) that became Rg after
recovery and were transiently infected during the second half of gestation (17). Females that
became infected less than 51 days before giving birth were not included because they became
R and not Rg (immunity was acquired after birth).

Ty xo(t) was the number of new cases of transiently infected individuals at time ¢ (incidence)
in females of class X (Sa, 4, 0, or VO).

Yzt —trro+51) T xe (k) k=t —as T xo(K)
(22)  pxer(®) = (23)  pxe2(t) =
i §=5_5117o+51) TN,XQ(k) £=€—51170+51) TN,XQ(k)

As long as no female became infected during pregnancy (denominator null), pye; and pye,
were null and Ygrgxer = Yrgxez =0 . In the other cases, pxeq(t) + pxe2(t) =1 so

Yrgxo1 + Wrgxez = RGxe(t) — Mpgxo(t) — ®ryxo(t).

(24) so
Hrx—50(£)~Bin(Ryq(t) — Mpye(t) — Prxo(t),1 — exp[— £(t).nx])

Females @: Hgopo(£)~Bin(Hgsq-s0(t) + Hramso(t) + Hrooso () + Hryooso(t), 6)
Males & Hgops(t) = Hrsaos0(t) + Hrams0(t) + Hrosso (t) + Hryosso(t) — Hgope(t)



(25) S
Hgyos(t)~Bin(Sxe(t) — Mgye(t) — Psye(t), 1 — exp[— &(t).nx])
Hyxos(£)~Bin(Vxe(t) — Myxe(t) — Pyxe(t),1 — exp[— £(t).nx])
Females @: Hggo(£)~B in(ZXe{Sa,A,O,VO} Hoxos(t) + Xxetsaao0,voy Hrxos(t), 6 )
Males & Hsps (t) = Yxe(san0,v0} Hsx-s(t) + Xxe(san0vo} Hrxos(t) — Hspe(t)

(26) R
Hryxor (£)~Bin(Txe(t) — Mryo(t) — MIxe(t) — @ryo(t) — ®Txo(),1 — exp[— e(t).nx])
Hrgx—r(£)~Bin(YPrgxez 1 — exp[— e(t).nx])
Females ?:Hgpo(t) ~Bl’Tl(er{Sa,A,o,Vo} Hrxor(t) + Xxegsa,a0voy Hrgx-r(t), 5)
Males &: Hrpo (t) = YXxefsan0,v03 Hrx-r(t) + Xxesa,a0,v0} Hrgx—r (t) — Hrpe(t)

27 P
Wpx () ~Bin(Pye(t) — Mpxo(t) — Mpxo(t) — ®Ppxo(t) — ®pxo(t),1 — exp[— e(t). nx])
Hpx_p()~Bin(WYpx(£),1 — p)
Wrgx () ~Bin(Yrgxer, 1 — exp[— e(t).nx])
HRgX—>P(t)~Bin(LpRgX(t)' 1-p)
Females @: Hppo(t)~Bin(Xxe(sa,a,0,v03 Hox-p (t) + Txe(sa,a0,v0) Hrgx-p(t), 5)
Males & Hpps(t) = Xxe(sa.a0v0} Hpx-p(t) + Lxetsaa,0v0y Hrgx-p(t) — Hppo(t)

Equations describing density-dependent parameters are given below (28-30):

Probability of newborn and juvenile mortality as well as the subadult fertility rate were affected
by density-dependence. For these parameters, we used a sigmoid function using explicit
variables (d: strength of density-dependence, K: carrying capacity, N: total population size). In
the case of the subadult fertility rate, we considered the population size at the year of birth, i.e.,
two years before.

ug e — pg™
28) pp(t) = ppin
(28) up(t) = up +1+exp(K*d—d*N(t))
. Wais' = Wy
29 t) = U
( ).u]uv() H]uv+1+exp(K*d—d*N(t))
n&ax

30 =
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