SUPPLEMENTARY MATERIAL

1. Risk assessment model

Those inputs (i.e. parameters that are fed to theéeth which are general are presented
in Table S1. The outputs (i.e. parameters obtalmedanodel calculations) which are
general are presented in Table S2. Input paramgpexsfic of the German scenario are
presented in Table 2.

For overwintering to occur, a series of eventgp@tdave to take place (Figure S1).

1.1. Probability of a Culicoides getting infected
1.1.1Firstly, the probability of aCulicoidesgetting infected after one blood meal for
monthi (P;) was estimated as the product of: the proportiminbites on cattle and
sheep ©. and @, respectively); the monthly probabilities of catded sheep being
viraemic Py andPys;, respectively); and the proportion of bites on dedtious host
that infect a midged).
1.1.1.1. Proportion of bites on cattle and sheep
The proportions of bites on cattléd) and on sheep#{) were calculated as [1]:

¢. =H_I(H.+0H,);¢.=1-¢
Where H; and Hs represented the cattle and sheep population inatfected area
respectively (Table 2), andwas a measure of the vector preference for cattigpared
to sheep (ib < 1, the vectors feed preferentially on cattle, angl¥ 1, the vectors feed
preferentially on sheep). A hypothetical scenafia éarm with 10 cattle and 10 sheep,
was used to obtain from the experts, an estimatbeoproportion of vectors biting on

cattle: @¢1o (Table S1), which was then used to calculate #hagevofo.



1.1.1.2. Probabilities of cattle and sheep beifgcious (viraemic) in month(Pyand
Pysirespectively), for= November to April
First, the probability of a cow being viraemic ironthi given infection in that same
month {): pvwci was calculated as:

Pvci = dyei/ 30
Where 30 represented the mean duration of a month in day$da; represented the
days the cow remained viraemic in monttvhich was calculated as:

dvei =30 — (DI+ TIVL)

For: 0 <dyi < Dvc
WhereDI represented the day of infection within a monthjolr was modelled by a
Uniform (1; 30)distribution; TIV, the time between infection and viraemia for cattle
(Table S1); and,. the duration of viraemia for cattle (Table S1).
Similarly, the probability of a cow being viraemic monthi+1 given infection in
monthi (p..+1) was calculated as:

Pvci+1 = Oycisa/ 30
Whered,.i+1 represented the days the cow remained viraemmeointhi+1, which was
calculated as:

Chycir1 = Dyve — O

For: 0 < dyciva1 <30
Likewise, the probabilities for months2,... were also calculated.
Monte Carlo simulations were used for the calcatatf the probabilitiesp(ci, pvci+1,-.),
and the results were used to construct empirican-parametric) cumulative
distributions of the probabilities of a cow beingaemic in the different months after
infection, which were used as inputs of the modehle mean values of these

distributions are shown in Table S1.



Then, the probabilities of a cow being viraemictfoe months included within the study
period (November to AprilPycnov t0 Pyeap) Were calculated taking into account the
probabilities of a cow being viraemic in month+1,.. given infection in month (pyci,
Pvci+1,-.) @and the probabilities of a cow being infecieanonths of August to April (as a
cow infected in August may still be viraemic in Nornber).
The probability of a cow being infected in momtlp;) was calculated as:

P =Cl %,
WhereCl was the cumulative incidence of cattle farms imthe (Table 2), ando.the
within farm incidence in cattle.
Similarly, using the specific inputs for sheep, finebabilities of a sheep being viraemic
in the different months of the yed?\j) were also calculated.
The probabilities of cattle and sheep being vir@emiNovember and December will
determine the probabilities of infection of the tags for pathwayda andllla, while
the probabilities of cattle and sheep being vir@emiJanuary to April will determine

the probabilities of infection of the vectors fatpwayslb andllib (Figure 1).

1.1.1.3. Proportion of bites on infectious host théect a midgeu (Table S1)
Finally, the probability of £ulicoidesgetting infected after one blood meal for month

(P;)) was calculated as:

I:)Ii :[¢chlcixa]+[¢sxR/sixa]

1.1.2.ProbabilityCulicoidesgetting infected aftem blood mealsR,)
The longevity ofCulicoidesand the biting rate determine the number of bloedlsithe

vector has taken and therefore its probabilitynéégtion.



1.1.2.1. Longevity oCulicoides
The mortality rate ofCulicoides(m,) depending on the temperatuii@ (vas calculated
as[1, 2]

m, (T) = 0009x exp(016%T)
And the daily probability of survivaRs) was calculated as:

P, = exptm)
The vectors are not maintained at a constant teatyrer and therefore mean daily
temperature data was used to calculate the dailytatitp rates and the daily
probabilities of survival for the different daystbk year.
The day of the year an ad@ulicoidesemerges will determine the values of all the
temperature-dependent parameters which affect Brwisiission. Therefore, the
probability of an adult midge emerging in each ipatar day of the year had to be
estimated from the proportion Glulicoidestrapped each month. In order to do that, the
days from emergence to capture for mangmodelled by a&Jniform (1; d) distribution,
whered; represented the mean longevity for monthwas subtracted from the day of
capture within month (modelled by aJniform (1; 30)distribution), to estimate the
proportions of theCulicoidestrapped in month that had emerged in monithmonthi-
1,..
Then, given aCulicoides which emerged in a particular day of the yeay, (he
probability that it survives just one day (i.e.ilni+1): Psy;, was calculated as:

Psy = (Fs) X (1~ Psyn)
And the calculations of the probabilities assodat® the survival of different number
days are presented in Table S3. These values of dhysurvival and associated
probabilities were used to construct a discretdridigion, which represents the

longevity of theCulicoidesemerged on day. Based on [3], the maximuQulicoides



longevity was set at 120 days. To account for thece of low temperatures, when
Culicoideswere subjected to temperatures under 0 °C for 8 datpin a period of 10
days, they were assumed to die (R. Meiswinkel peiscommunication based on

experience in the field).

1.1.2.2. Biting rate

The Culicoidesbiting rate as a function of temperatusgT) may be calculated as:

b (T) =0.00017XT x(T —3.6966 x (41.8699-T)"/¥%*°

The equation is only valid for temperatures aboWwe& 4for temperatures below this
value, transmission was assumed to stop).

Mean daily temperature data allowed the calculatibthe biting rates for the different
days of the year. Then, the daily probability teeter has taken a blood meal on day
(Psmx) was calculated as:

Pawx =1~ €xp(h,)

Whereb, represented the biting rate for day

The probability of &Culicoidesgetting infected on day (P\x) was calculated as:

P = R % Fawy

Where P;; was the probability of &ulicoidesgetting infected after 1 blood meal in
monthi (the month to which day belongs).

Finally, for aCulicoidesemerged on day, and whose longevity is given loydays, the

probability that the vector getting infected by BT®,) was calculated as:

d
I:)In :1_ I_! (1_ I:)Ix+j)
J:

1.1.2.3. Time tcCulicoidesinfection (TTCI)

TheTTClin a given iterationr{ is obtained from:



r = Discretdk; p,)
Wherek represents the days in whiclCalicoidesmay get infected, and goes from 1 to
d (longevity of theCulicoideg days; ando the probability of infection on dak The
values of the Discrete distribution for the caltiia of ther of a Culicoideswhich

emerged on dayare shown in Table S4.

1.2. Probability a Culicoides survives the extrinsic incubation period (EIP) and the
time to the next blood meal (TNBM)
In order to transmit the disease, the vector, om@eted, needs to be able to survive the

Extrinsic Incubation Periode(P) and the Time to the Next Blood MedlNBM).

1.2.1. Extrinsic Incubation Perio&IP)

The virogenesis rater) depending on the temperatuii@ (nay be estimated as [4]:
V,(T) =0.0003xT x(T —10405%

The equation is only valid for temperatures abo%®C] while for temperatures below
this value, the virogenesis was assumed to stop.

The reciprocal of the virogenesis rate is B, defined as the time between the
infection of the vector and when it first becomapable of transmitting the virus, was

calculated as:

EIP(T) =1/v,(T)

Mean daily temperature data was used to calculaevirogenesis rates (and the
extrinsic incubation periods) which correspondethdifferent days of the year.

A Culicoideswhich emerged on dayand got infected days after emergen¢&€TCl=

r), was assumed to complete a proportep,) of theEIP on the day+r:

eip,,, =1/ EIP(T,.,)



On the following dayx+r+1) the proportion of th&IP completed would be:

eip,,., =1/ EIP(T,,,.,)

The duration of th&lP for thatCulicoides(s) would be given by the sum of the number
of days needed so that the summatory of these frop® reaches one (i.e. thgP is

completed):

ieipj =1

j=x+r
1.2.2. Time to the Next Blood MealIBM)

The reciprocal of the biting raté/] is the interval between blood medBEM), which
for a given temperatur@) may be estimated as:

IBBM(T) =1/, (T)

Mean daily temperature data was used to calculaebiting rates (and the interval
between blood meals) which corresponded to theréifit days of the year.

Once completed thEIP, in order to transmit the virus to a susceptilbdsththe vector
has to take another blood meal. The time to the bmod mealTNBM) for a given
temperatur€T) was modelled as:

TNBM (T)= Uniform (0; IBBM (T))

Therefore, theCulicoideswhich emerged on day got infected days after emergence
and needed days to complete thelP is assumed to complete a proportiomMy.r+s)

of theTNBMon the dayk+r+s:

tnbm,, .. =1/ TNBM(T,, ..)

On the following dayx+r+s+1) the proportion of th& NBM completed would be:

thbm,, ..., =1/ TNBM(T,, ...,)



The duration of therNBM for that Culicoides(t) would be given by the sum of the
number of days needed so that the summatory oé thexportions reaches one (i.e. the

TNBMis completed):

itnbrq =1

j=x+r+s

1.2.3. Probability of surviving thelP and theTNBM
The probability of surviving theEIP and the TNBM (Pgip+tnem) Was obtained by
calculating the proportion dCulicoidesfor which the longevity(d) is bigger than the

sum of theT TCI (r) plus theEIP (s)plus theTNBM (t}

Pepsrnem = P(d > [r + S+t])

1.3. Probability of effective transmission
Estimated independently for cattle and for shesgny into account:
1.3.1. The proportion of bites on cattle and orephe

See section 1.1.1.1.

1.3.2. The proportion of cattle which were susdeet{P.s)

Calculated as one minus the proportion of the pmr immune. Immunity may have

been achieved either after natural infection owagcination of the population against a
specific serotype. As no vaccination was perforntled,number of (naturally) immune

cattle was estimated as the product of: numbertifecfarms affected on the previous
year, mean number of cattle per farm and mean nvitim prevalence (proportion of

infected cattle within an infected farm). Then, gw®portion of immune cattle was

estimated by dividing the number of immune cattle the cattle population. The



proportion of sheep which were susceptible was akloulated. The values of the

proportions of immune cattle and sheep for the Gerstenario are shown in Table 2.

1.3.3. The proportion of bites per infectious midigat infect a hosis)

In a given iteration, ifTTCI (r) plus theEIP (s) plus theTNBM (t) was larger than the
time from the emergence of the adult vector toeth@ of PLVA overwintering occurred

via the insect vector exclusively (pathwdy (Figure 1). If not, it is necessary the
contribution of the host to reach the next seaseer{vintering in the insect vector and
the host, i.e. pathwalyl ), and for that an extra step is needed: the vira&hthe host

needs to go beyond the endrifVA

1.4. Probability the viraemia went beyond the end of the VFP

When the time the virus spent on the host: timenfiofection to viraemiaTITV) plus
duration of viraemialdyc), was larger than the time from BTV transmissiorhe host
to the end of thd’LVA the viraemia of the host went beyond the end ofRh¥A

(Figure 1).

1.5. Overwintering by persistence of the virusin the ruminant host

For overwintering to occur by persistence of theuiwiin cattle, the animal has to get
infected before thLVA, and then the viraemia has to last beyond the etite¢fLVA
Given infection of a cow the month before tReVA (month -], the probability of
overwintering by persistence of BTV in catti.) was calculated as:

P, =P(DI +TIV, +VR]>TEP,,)

WhereDI was the day (within that month) the cow got infecfE€lVc the time from

infection to viraemia in cattle/Pc the duration of viraemia in cattle affdEPR,.1 the



time from start omonth -1to the end oPLVA(Figure S2)
The probability of overwintering by persistenceBafV in cattle formonth -2(P..,) was
also calculated. Similarly, the probabilities ofeowintering by persistence of BTV in

sheep fomonth -landmonth -2(Ps.; andPs_,, respectively) were calculated.

2. Sensitivity analysis

For linear regression models, the assumptionsddgpandence, normality and constant
variance of the residuals of the model were checkmtpendence of the residuals was
assessed by means of the Durbin-Watson estimabeed/mn the range of zero indicated
that the assumption was satisfied. The normaliguption was assessed graphically
by obtaining a histogram of standardized residwald a normal probability plot.
Similarly, constant variance of residuals was ass®$y obtaining a scatter plot of the
regression standardized residual versus the regnestandardized predicted value, and
checking that there was not a clear pattern. Besiderrelation among independent
variables was assessed by obtaining the measumeofnce. Values above 0.6 were
considered as acceptable. For logistic regressiadets, the correlation between
variable was assessed using the Pearson’s coorelaiefficient. Values above 0.6 were

considered as indicative of strong correlation.
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Figure S1: Diagram of the first 3 steps in the wghatton of the probability of
overwintering by pathways& Il1.

Figure S2: Diagram of the calculation of the prahigtof overwintering by persistence

of the virus in the ruminant host (pathwiay
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Figure S1.
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1.1. Probability of a Culicoides getting infected (STEP 1)
1.1.1 Probability Culicoides gefting infected after one bloodmeal for month i (P;)
1.1.1.1. Proportion of bites on cattle and on sheep
@.: Proportion of bites on cattle
1.1.1.2. Probabilities of caitle (and sheep) being viraemic inmonth i
C1,;: Cumulative incidence of cattle farms in month i
w,: Withinfarm incidence in cattle
P Probability of a cow being infected in month i
11V,: Time from infectionto viraemiain cattle
Dy.: Duration of viraemia in cattle
1.1.1.3. Proportion of bites on infectious host that infect amidge ()
1.1.2. Probability Culicoides getting infected after n bloodmeals (Py,)
b.(T): Bitingrate

my(T): Mortality rate

1.2. Probability a Cnlicoides survives the EIP and the TNBM:

v(T): Virogenesis rate

EIP(T): Extrinsic Incubation Period
b.(T): Biting rate

INBM(T): Time to the next blood meal

m,(T): Mortalitvrate

1.3. Probability of effective transmission (STEP 3)
1.3.1. The proportion of bites on cattle and on sheep
®@,: Proportion of bites on cattle
1.3.2. The proportion of cattle which were susceptible (P,g)

1.3.3. The proportion of bites per infectious midge that infect

Perpirveu (STEP 2)

a host (B)
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Figure S2.
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Table S1. Model input parameters: abbreviationkieg sources from which the values

were obtained and section in which they are refetoein the supplementary material.

(EOW: Expert Opinion Workshop).

Input parameter Abbreviation Value Source Section
Proportion of bites on cattle @Dy Pert (0.19; 0.60; 0.81) EOW 1.1.1.1.
Proportion of bites on sheep sy 1-[Pert (0.19; 0.60; 0.81)] EOW 1.1.1.1.
Vector preference for cattle versus sheep o (1-@c10)/ &c10 EOW 1.1.1.1.
Day of infection within a month DI Uniform (1;30) 18;11.1‘:;;2'
Time between infection and viraemia for cattle @ay TIV, Uniform (7;14) [5] 1.1.1.2.
Time between infection and viraemia for sheep (Hays TIVs Uniform (1;6) [6] 11.1.2.
Duration of viraemia in cattle (days) Dvc Gamma (5; 4.12) [1] 1.1.1.2.
Duration of viraemia in sheep (days) Dvs Gamma (14; 1.17) [1] 1.1.1.2.
Pvi=0.20
Mean probabilities of a cow being viraemic in month, Various pvcf”zg'gg Simulation  1.1.1.2
i+4 given infection in month va::flA'xlO“ 1.1.2.
Pvci+4a=0.00
Days the cow remained viraemic in month Oei Various Simulation 1.1.1.2.
Within farm incidence for cattle (and sheep) wei (&wsi) Pert (0.25; 0.40; 0.6) [7] 1.1.1.2.
pPvs=0.38
Pvsi+a=0.00
Days the sheep remained viraemic in manth dusi Various Simulation 1.1.1.2.
Proportion of bites on infectious host that infaehidge o Uniform (0.001; 0.15) [1] 1.1.1.3.
Mortality rate depending on the temperatuie ( m(T) 0009%xexp(016xT) [1,2] 1.1.2.1.
Biting rate depending on the temperaturg ( b(T) 0.0001%T x(T - 37)x @19-T)V* [4] 1.1.2.1.
Virogenesis rate depending on the temperatflire ( vi(T) 0000 T x(T-104]) [4] 1.2.1.
Proportion of bites per infectious midge that inf@tiost s Uniform (0.8; 1) [1] 1.3.3.
Time from start ofmonth -1to the end oPLVA(in days) TEP; 30+ PLVA 1.5.
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Table S2. Main model output parameters of the maalagbreviations, and section in

which they are referred to in the supplementaryenmet

Output parameter Abbreviation Section
Probability of aCulicoidesgetting infected after one blood meal for mointh Pii 1.1.1.
Probability of a cattle being viraemic for morith Pyci 1.1.1.2.
Probability of a sheep being viraemic for month Pysi 1.11.2.
Probability of aCulicoidesgetting infected aftem blood meals Pin 1.1.2.
Daily probability of survival Ps 1.1.2.1.
Day of the yeaCulicoidesemerged (value obtained in a given iteration of the X 1121
model)

Probability of aCulicoidessurviving dayx Psx 1.1.2.1.
Probability of aCulicoidessurviving just one day (given emergence onxjay Psy1 1.1.2.1.
Longevity ofCulicoides(in a given iteration of the model) d 1121
Daily probability the vector has taken a blood nm@ablayx Pewmix 1.1.2.2.
Probability of aCulicoidesgetting infected on day P 1.1.2.2.
Time toCulicoidesinfection TTCI 1.1.2.3.
TTCI (value obtained in a given iteration of the mydel r 1.2.1.
Extrinsic Incubation Period EIP 1.21.
Proportion of théelP completed on day+r €iPxsr 1.2.1.
EIP (value obtained in a given iteration of the model) S 1.2.1.
Time to the Next Blood Meal TNBM 1.2.2.
Interval between blood meals 1BBM 1.2.2.
Proportion of thefNBM completed on day+r+s tNbMysres 1.2.2.
TNBM ((value obtained in a given iteration of the model) t 1.2.2.
Probability of surviving th&IP and theTNBM Peipstnem 1.2.3.
Proportion of cattle which are susceptible Pcs 1.3.2.

Probability of overwintering by persistence of Bin/cattle given infection of

the cow the month before the start of Bie/A (month -1) Pes 15
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Table S3. Probabilities associated to the diffedays of survival used to construct the

discrete distribution ofulicoideslongevity.

Longevity ofCulicoidesestimation

Days of survival Associated probability
0 Ps><0 = (l_ P5x)
1 Pst = PSXX (l_ PSx+l)
2 Powo = PoxX Pour X (1= Pey2)
120 PSXLZO = PSXX P5x+1 XWX P5x+119 X (l_ P5x+120)
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Table S4: Probabilities associated to the diffedays to infection used to construct the

discrete distribution of the time @ulicoidesinfection (TTCI).

Time toCulicoidesinfection ) estimation

Days of infection (k) Associated probabilitieg)(p
d
1 pi= P/ (2, By
j=0
d
2 p2= (Pet)/ (2, Pe )
j=0
d
d b= (Pra) | (D Pce)
j=0
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