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Supplementary Info S1: Additional Methods

Further details on the methods and data used to calculate this risk assessment are provided here in order to aid
the reader to understand the methods and be able to replicate our results if desired.

Legal trade of live pigs

The parameter values that are required for the legal trade of live pigs pathway, summarised in Table 1, are those
that are involved in the equation for Ry. We estimate the contact rate between pigs on a farm based on a study
by Temple et al. (2011) in which the behaviour of Iberian pigs was assessed on intensive and extensive pig farms.
The percentage of animals engaging in social contact on extensive farms was 3.3% (£0.73) and on intensive
farms was 15.1% (+1.51). Since pig farms across Europe may be extensive or intensive and we do not have data
on which type the farm would be, we assume an average of 9.2% (+1.19). To convert this percentage into a
yearly contact rate we multiply by 365.

The probability of transmission of ASFV from pig to pig given contact is estimated from experimental studies.
From an experimental study which considered innoculation through a low dose of ASF such as through touching
rather than blood contact (Pietschmann et al. 2015), we estimate 0.167 as the mode of a pert distribution. Since
we expect that some contact may not be suitable for transmission, we set 0 as the minimum of the pert
distribution. We assume a maximum of the pert distribution of 0.3 based upon studies by Guinat et al. (2016)
and Pietschmann et al. (2015) in which successful transmission to pigs in direct and indirect contact can take
many days to occur, despite the close contact involved in experimental settings. Therefore, it is reasonable to
assume that not all contacts will be successful.

The length of the infectious period in pigs is taken as a pert distribution, estimated from experimental studies on
ASFV infection in pigs (Gabriel et al. 2011, Guinat et al. 2014).

Lastly, we need to estimate the number of susceptible pigs that infected pigs will be in contact with. This is
usually determined by pen sizes, which are highly variable within and between EU MSs. The study by Temple et
al. (2011) indicated that pen sizes in intensive farms ranged from 7 pigs to 320 pigs while in extensive farms the
average size was 185 pigs. We also have data on the number of pigs in each region and the number of farms
through which we can calculate the average number of pigs on a farm in each region. We therefore assume a
uniform distribution for the number of susceptible animals that ranges from 7 up to the minimum between our
calculated average farm size and 320 pigs.



Table 1 Parameter values for the legal trade of live pigs pathway with a description and reference. Rates
and times are given in units of years unless otherwise specified.

Parameter

Value

Reference

Contact rate between pigs on a farm

Norm(0.092, 0.0119)*365

Temple et al. (2011)

Probability of transmission between pigs
given contact

Pert(0, 0.167, 0.3)

Estimated from
Pietschmann et al.
(2015), Guinat et al.
(2016)

The length of the infectious period in pigs

Pert(3/365, 6/365, 10/365)

Based on Gabriel et al.
(2011), Guinat et al.
(2014)

Number of susceptible pigs

Unif(7, min(320, Average farm size
in region))

Temple et al. (2011),
Eurostat (2017)

Movement of wild boar

We estimate the incidence of ASFV infection in wild boar in each cell ¢ using the reported cases of ASF in wild

boar in 2018, an under-reporting factor and a smoothing method to estimate potential unreported cases in

neighbouring cells. For exact details see Taylor et al. (2019b). The estimated incidence in Europe in 2018 is

plotted in Figure 1.
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Figure 1 The estimated incidence of ASF in wild boar in 2018 in Europe at the 100km? cell level indicated by
the colour scale. The reported cases in wild boar are plotted in red. The highest areas of incidence are in
those areas with reported cases (hence are hidden behind the red circles).

As stated in the main text, there are multiple equations used for R, in the wild boar movement pathway
depending on whether the wild boar are in contact with and transmit the infection to pigs or other boar. In line
with Taylor et al. (2019b), we model the contact between live boar and susceptible pigs in each cell ¢ by
considering the contact rate (y), the probability of transmission given contact (), the number of susceptible pigs
in the cell (S(¢)) and the length of the infectious period in boar (1/7):

Ro(c) = Byper ©

Here, ps is the proportional size of the boar home range compared to the cell size.

For wild boar contact with other boar, we consider the fact that wild boar normally exist in matrilineal groups
(Podgérski et al. 2014), and so we adapt the contact rate to include both a within-group contact and a between-
group contact. To do this, we replace ypsS(c) with



YwG + vp(psS(c) — G).

Here, Yy is the within-group contact rate, G is the average group size and yj is the between-group contact rate
which is applicable for contact with all other boar in the home range.

A second consideration for wild boar transmission is the probability that wild boar will die from infection. The
carcasses of ASF-infected animals can still be infectious and contribute to transmission of ASF. We assume that
domestic pigs would not have any contact with boar carcasses, and thus this is only relevant to the R, equation
for wild boar. We estimate the number of new cases of ASF due to contact with an infected carcass as

PaYabBcS(c)
T '

In this equation, p, is the probability that direct contact will occur with a carcass, y, is the total number of direct
contacts per year each boar has with a carcass, . is the transmission probability from a carcass to a susceptible
animal per contact, 7, is the rate at which the carcass is available to cause infection, which is the inverse of the
length of time the carcass is available (T.). T, is determined by two factors, skeletonisation of the carcass and

whether the carcass is found and removed, as follows:

1 1
rC = —=
Tc (1 - pr)TS + prTr'

where T is the time until skeletonisation of the carcass, T, is the time until removal of a carcass and p,. is the
probability that a boar carcass is found and removed.

Therefore, our full equation for Ry(c) in susceptible boar populations, i.e. the likelihood of new cases occurring
in susceptible boar in cell ¢ given an infected wild boar has entered the cell, is:

Ro(c) = BawE Y ve(psS(e) — G)) - (pdydﬁc

T T, )S(C)’

where p; is the probability of lethal infection in boar.

Parameter values for the wild boar movement model and the transmission of the disease are in Table 2. For a
description of why specific parameter values were chosen, please see Taylor et al. (2019b).

Table 2 Parameter values for the wild boar pathway with a description and reference. Rates and times are
given in units of years unless specified otherwise.

Parameter Description Value Reference
Proportion of cell explored during | 0.05 Based on Massei et al. (1997),
home range movement (pg) Leaper et al. (1999), Podgorski et

al. (2014)
Number of steps during long range | 5 Truvé and Lemel (2003)

movement (n)

Proportion of boar performing 15.4% Keuling et al. (2010)
long range movement

Infectious period in live boar (1/r) | Pert(min=3/365, mode = Based on Gabriel et al. (2011),
6/365,max=10/365) Guinat et al. (2014)




Probability of being infectious
during long range movement (p;)

8/365

Guinat et al. (2014)

Group size of wild boar (G)

Podgérski et al. (2014)

Per capita contact rate between
boar and pigs in 100km? cell with

live boar (yw, ¥z, ¥)

Within group yy,,: norm(0.59,
0.02)*365

Between group yg: norm(0.035,
0.002)*365

Boar to pig y: unif(0, 0.267)

Podgdrski et al. (2018)

Probability of transmission ()

Boar to pig: unif(0,0.167)
Boar to boar: pert(0, 0.167, 0.3)

Dead boar to boar: unif(0, 0.167)

Estimated from Pietschmann et al.
(2015)

Probability that ASF will be fatal in
boar (p;)

unif(0.95, 1)

Blome et al. (2012), Thulke and
Lange (2017)

Probability that a dead boar will
have direct contact with live boar

(pa)

0.5

Probst et al. (2017)

Yearly direct contact rate with
boar carcass (y4)

1/370 *norm(179.5, 73)

Probst et al. (2017)

Length of infectious period for
boar carcasses (T)

pert(15/365, 26/365, 124/365)

Estimated from Morley (1993),
Probst et al. (2017), Olesen et al.
(2018), Chenais et al. (2019)

Probability that a carcass will be 1/4 Estimated from the under
removed reporting factor
Under reporting factor 4 Adkin et al. (2004)

Legal trade of pig meat products

Product Types and Composition

As outlined in the main text, there are many different pig meat product types that are traded to and from EU

MSs. In total, there are 119 different product codes in Comext that correspond to some form of pig meat, not

including those products which are not for consumption purposes or we considered as no risk, such as hides, dog

or cat food, or canned meat (as we assumed it would be heated sufficiently to kill off any virus). Following Adkin

et al. (2004) we simplify these into 12 categories, as seen in Table 3. There are 5 processes that could be applied

to each of the product categories (dried, smoked, salted, chilled and frozen), but not all product categories

undergo all processes. This leads to a total of 21 different product categories by type and process (Table 3).




Table 3 The simplified product types in 12 categories, the processes each product undergoes and the
associated Comext products codes that we included in each category, based upon Adkin et al. (2004).

Product Type

Dried de-boned meat

Process Comext Code
Dried; Smoked 2101981
Salted; Dried; Smoked 21019

Dried meat bone-in

Dried; Smoked

21201131, 2101981, 21019,
2101219, 2101960, 2101970,
2101989

209, 20900, 20900, 2090030,

Offal

Chilled 20910, 2091011, 2091019,
Fat 2091090
Dried; Smoked 2090019
Salted 2090011
20321, 2032110, 2032190, 20322,
. 2032211, 2032219, 2032290,
Frozen meat (bone-in) Frozen
20329, 2032913, 2032959,
2032990
Frozen meat (de-boned) Frozen 2032911, 2032915, 2032955
20630, 2063000, 2063010,
2063020, 2063021, 2063030,
2063031, 2063080, 2063090,
Chilled 16010010, 1602, 160210,

16021000, 160220, 16022090,
160249, 16024919, 16024930,
16024950, 16024990, 16029051

Chilled; Frozen

5100010

Chilled; Frozen; Salted; Dried;

504, 50400, 5040000

Smoked
20641, 2064100, 2064110,
2064120, 2064180, 2064191,
Frozen 2064199, 20649, 2064900,

2064910, 2064920, 2064980,
2064991, 2064999

Salted; Dried; Smoked

2109031, 2109039, 2109080,
2109090, 2109941, 2109949

Raw de-boned meat Chilled 2031955
Raw ground meat Chilled 160100, 16010091, 16010099
16010099, 20311, 2031110,
2031190, 20312, 2031211,
Raw meat bone-in Chilled 2031219, 2031290, 20319,

2031911, 2031913, 2031915,
2031959, 2031990




Salted de-boned meat Salted 2101951

160241, 16024110, 16024190,
Chilled 160242, 16024210, 16024290,
16024911, 16024913, 16024915

2101111, 2101119, 2101211,
Salted 2101910, 2101920, 2101930,
2101940, 2101950, 2101959

Salted meat bone-in

21011, 2101190, 21012, 2101290,

Salted; Dried; Smoked
2101990

Skin Chilled 41033000

Each of these 12 product categories are composed of tissues in different proportions. These tissues include
muscle, skin, offal, bone and fat. In Table 4 we outline the proportion of each product that we assume is a
certain tissue, also based upon Adkin et al. (2004).

Table 4 The composition of each of the product types we consider. The proportion of each product type
that is composed of muscle, fat, bone, skin and offal is indicated.

Composition

Product Type Muscle Fat Bone Skin Offal
Dried de-boned meat 0.75 0.25 0 0 0
Dried meat bone-in 0.55 0.225 0.225 0 0
Fat 0 1 0 0 0
Frozen meat (bone-in) 0.55 0.225 0.225 0 0
Frozen meat (de-boned) 0.75 0.25 0 0 0
Offal 0 0 0 0 1
Raw de-boned meat 0.75 0.25 0 0 0
Raw ground meat 0.75 0.25 0 0 0
Raw meat bone-in 0.55 0.225 0.225 0 0
Salted de-boned meat 0.75 0.25 0 0 0
Salted meat bone-in 0.55 0.225 0.225 0 0
Skin 0 0 0 1 0

Transport Time

We estimated the transport time of trade of pig meat products from each origin country to each destination
country based on a method from Simons et al. (2016). We did this in order to estimate the amount of time from
slaughter to consumption and hence to determine the remaining viral load due to decay over time. The distance
of an origin country to a destination country was calculated using the great-circle distance metric, which takes
into account the curvature of the earth. We estimated the average speed of “fast” transport such as by air, and
”slow” transport such as rail, road and ship, in order to calculate the time taken between countries via fast or
slow transport. We then estimated the proportion of travel that occurred via fast or slow transport by analysing
data on trade for each EU MSs from Eurostat (Eurostat 2017) to calculate an average time taken from one
country to another regardless of transport method.

Backyard Pigs

An estimate for the number of backyard pig farms in each cell c is required, but there are no data on the exact
locations of backyard pig farms in each EU MSs. However, EU MSs provide Eurostat with estimates of the total



number of backyard pigs and backyard pig farms in their country stratified by pig gender, size and age. We
considered all backyard pig farms that did not have a sow to estimate the total number of backyard pig farms in
each country and the average number of pigs on each farm.

We then need to estimate where the backyard pig farms are located. We had additional data for Great Britain
regarding locations of backyard pig farms. We plotted this to discover if there were patterns or proxy data that
we could use to estimate where backyard pigs are located. In general we found that the backyard pig farms were
relatively spatially homogenous. We also found no correlation between backyard pig farm density and pig
density. This makes sense as there is no reason to believe that backyard pig farms will be located near to
commercial farms. We found a small correlation between human density and backyard pig farm density. In
particular, we found that when human density is very low, there are unlikely to be backyard pig farms.
Therefore, we analyzed the data for an effective cutoff which determined if human population numbers are high
enough to host backyard pig farms. Otherwise, we assume a homogenous distribution of backyard pig farms.
Thus, for all cells in each country that are above that human density cutoff, we distribute the number of
backyard pig farms in that country evenly and assume no backyard pig farms in the cells below the cutoff. We
assumed that all countries are similar to Great Britain regarding distribution of backyard pigs. This gives an
estimate for the number of backyard pig farms in each cell ¢ which we use within a Poisson equation to gain a
simulated value for each cell.

Boar Dietary Habits

When calculating the amount of viral load that a boar could contact or ingest at a waste site, we are required to
consider how much boar eat in comparison to how much food is present. According to Badminton Feeds (2019),
wild boar eat up to 4kg of food per day, and the average UK household sends 4.6kg of food to landfill each week
(WRAP 2008). We therefore assume that if a boar is able to enter a landfill/waste site, they will consume one
household’s amount of food at a time. We distribute the infected meat equally among households to estimate
the total viral load in each household’s waste and hence the amount each boar would eat at a time.

Parameter Values

The parameter values for the legal trade of pig meat products pathway are outlined in Table 5.

Table 5 Parameter values for the legal trade of pig meat products pathway with a description and
reference. Rates and times are given in units of years unless otherwise specified.

Parameter Description Value Data sources

Gulenkin et al. (2011),
Blome et al. (2013),
Sanchez-Vizcaino et al.
(2015), Arias et al. (2018)

Mean numbers of days before
Incubation period an infected pig manifests 10
clinical signs.

. . The day when a viremia peak is
Viremia peak day . ) ] 5 Mebus et al. (1997)
detected in an infected pig.

. . The day when the virus is not
Period of viral

) detectable anymore in an 230 Hartnett et al. (2014)
detection (day) i .
infected pig.
Initial viral load
Muscle: 4.76
after slaughter in Average viral load of several Fat: 3.99 Mebus et al. (1997),
at: 3.
each product type tissues from an infected pig Hartnett et al. (2014)
Bone: 6.85

A




v1(2p) during the incubation period in Skin: 3.89
Logio HADso/g Offal: 5.63
Chilling: 110

Maximum virus
survival capacity in

Maximum time that the virus
could survive in products that

Freezing: 1000

Kovalenko (1964),
McKercher et al. (1978),
Blackwell (1984),

: Drying: 300

food in days — have undergone different ying McKercher (1987),
1 . .
/1.2 processes. Salting: 182 Kleiboeker (2002),
Hartnett et al. (2014)

Smoking: 30

Chilling: 0

Freezing: 0

Time of processing
(tp)

Time taken to undergo the food
process (in days)

Drying: Pert(0.25;
7;270)

Salting: Pert(0.25;
28; 270)

Smoking:
Uniform(0.33;1)

Hartnett et al. (2014)

Fast transport
proportion

Proportion of transport of food
products between countries
that occurs via fast transport

methods e.g. air.

Normal(0.00325,0.
006636)

Eurostat (2017)

Food is not cooked
to at least 60°C

(Pc<s0)

Probability that the food is not
cooked to at least 60°C, pc<g0-

0.2

EcoSure (2008)

Food lost along the
food chain

(pL<{H,R})

Proportion of food that is lost
along the food chain prior to
reaching a restaurant or
household (during the
processing, packaging and
distribution phases)

0.09

FAO (2011)

Pig meat goesto a

restaurant, (p,,)

Proportion of pig meat that
goes to a restaurant

Normal(0.20, 0.03)

Herrera-lbatd et al. (2017)

Food wasted at a
restaurant

(pw (R)) or
household

(pw (H))

Proportion of food that is
wasted at a restaurant or a
household. Assumed the same
values for household and
restaurant

Normal(y, 6.6)
Where p is:
UK:0.23
Netherlands: 0.08
Denmark: 0.07
Germany: 0.13

Vanham et al. (2015)




Other EU MSs:
0.145

Human density
cut-off

The number of humans in a cell
below which backyard pig
farms are not expected

200

Estimated using data from
Great Britain

Illegal swill-feed
(pgp)

Probability that a household
with a backyard pig farm would
illegally swill-feed their swine

0.14

Schembri et al. (2010)

Dose-response
coefficient (r)

Likelihood that a single ASF
virus is able to initiate an
infection in a pig through oral
route

1.21*10°

Gale (2004)

Boar contact rate
(o)

Probability that wild boar
approach and try to contact

landfill sites, Pew

0.5*%179.5/370.9

Assumed same as mean
for live boar contact with
boar carcass — see Table 2.

Boar access to the

landfill site (pAW)

Probability that a wild boar is
able to gain access to a landfill
site

0.1

Herrera-Ibatd et al. (2017)

Waste disposal
(household)

(pL(H))

Proportion of waste from a
household will be disposed of in
a landfill or other rubbish
disposal that wild boar can
have contact with

0.95

Herrera-Ibatd et al. (2017)

Waste disposal
(restaurant)

(rL(R))

Proportion of waste from a
restaurant will be disposed of in
a landfill or other rubbish
disposal that wild boar can
have contact with

0.84

Herrera-Ibatd et al. (2017)

Waste availability
(Tw)

Duration of time that the waste
will be available to the boar

1/365

Assumption




Supplementary Info S2: Additional Results

The probability of at least one infection in pigs for the zoomed-in regions for the wild boar movement pathway is
shown in Figure 2.
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Figure 2 The probability of at least one infection in pigs with ASFV in 2019 due to the movement of wild
boar in Europe plotted at a 100km? cell level. We zoom in to three regions where there were cases in 2018
(A) Belgium; (B) Poland, Latvia and Lithuania; and (C) Hungary, Czech Republic and Romania. Countries are
indicated by their ISO3 code.

Summary of Risk across Europe

We present summaries of the probability of infection across all cells in EU MS for both boar and pigs. These
tables and histograms indicate more clearly how many cells have the lowest probability of infection versus how
many have higher probability of infection. Most cells with non-zero probability of infection across Europe are in
the lowest estimates of risk for each pathway and overall. The probability of infection in pigs across all 100km?
cells in Europe in summarised in Figure 3 and Table 6.
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Figure 3 The frequency of 100km? cells with each probability of infection in pigs across Europe for all 3
pathways combined. Note the break in the y-axis since the number of cells with probability of infection
between 0 — 0.05 is much higher than the number of cells with a higher probability of infection.



Table 6 The probability of infection in pigs across all EU MSs at a 100km? cell level, summarised as the
number of cells with each probability for the 3 pathways of legal trade of live pigs, legal trade of pig meat

products and wild boar movement.

Probability of Infection in Pigs

Legal trade of live pigs

Legal trade of pig meat products

Wild boar movement

Probability of

Number of Cells

Probability of

Number of Cells

Probability of

Number of Cells

Infection Infection Infection
0-0.1 270 0.0001 2458 0-0.05 9767
0.1-0.2 12 0.0002 570 0.05-0.1 67
0.2-0.3 5 0.0003 131 0.1-0.15 18
0.3-0.44 2 0.0004 23 0.15-0.2 9
0.4-05 0 0.0005 6 0.2-0.25 5
0.5-0.6 2 0.0006 1 0.25-0.3 2
0.6-0.7 2 0.0007 1 0.3-0.35 3
0.35-0.4 1

Similarly the probability of infection in boar is summarised across all cell in Figure 4 and Table 7.
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Figure 4 The frequency of 100km? cells with each probability of infection in boar across Europe for all 2
pathways combined. Note the break in the y-axis since the number of cells with probability of infection
between 0 — 0.05 is much higher than the number of cells with a higher probability of infection.



Table 7 The probability of infection in boar across all EU MSs at a 100km? cell level, summarised as the
number of cells with each probability for the 2 pathways of legal trade of live pigs, legal trade of pig meat
products and wild boar movement.

Probability of Infection in Boar
Legal trade of pig meat products Wild boar movement
Probability of Infection Number of Cells Probability of Infection Number of Cells

0-0.01 345943 0-01 96805
0.01-0.02 127 0.1-0.2 1214
0.02-0.03 40 0.2-0.3 618
0.03-0.04 24 0.3-04 425
0.04 -0.05 21 0.4-0.5 644
0.05-0.06 3 0.5-0.6 874
0.06 —0.07 1 0.6-0.7 941
0.07-0.08 9 0.7-0.8 1456
0.08 - 0.09 2 0.8-0.9 1013
0.09- 0.1 92 0.9-1 1320
0.1-0.11 85

Risk for each Country

To compare which of the pathways are of the highest risk, we present the overall probability and the probability

per pathway of infection in pigs in 2019 at an EU MS country level (Table 8). That is, for each country we present

the probability of at least one infection in boar or pigs per pathway and through any of the 3 pathways. This

indicates that for most MSs, the highest risk pathway is either the legal trade of live pigs or the movement of

wild boar. The legal trade of pig meat products is rarely the highest risk, with Austria and Slovenia as the only

countries indicating this (although the highest risk by this pathway is still only a 5% chance of infection in pigs).

For many MSs, the movement of wild boar pathway is not applicable, as they are not geographically close

enough to any reported cases. When it is applicable, more than half the time this is the highest risk pathway for

those countries. Western European countries mostly have legal trade of live pigs as the highest risk pathway.




Table 8 The probability of at least one infection with ASFV in pigs in each country for all pathways
combined and for the individual pathways. Countries are listed from greatest overall risk to lowest. The
pathways are colored according to the risk per pathway — the darker the color of pathway for that country,
the riskier for that country. Countries are indicated by their ISO3 code.

Movement
Legal trade Legal trade in pig | of wild

Country Overall Risk | in live pigs meat products boar
POL 1 0.994384 0.003195
LTU 0.999619 0.072077 0.951278
ROU 0.892792 0.015095 0.083603
HUN 0.877448 0.150422 0.144967
LVA 0.750279 0.243421 0.02352
EST 0.522105 0.0002 0.002198
CZE 0.307924 1.00E-04 0.0003
SVK 0.233413 0.010486 0.0002
ITA 0.191544 0.007873 0
BGR 0.133966 0.002199 0.018331
BEL 0.129847 0.0008 0.0002
DEU 0.07141 0.0003 0
FRA 0.066802 0 0.007274
AUT 0.055893 0.006093 0
NLD 0.051984 0 0
LUX 0.028322 0.002697 0
HRV 0.006083 0 0
SVN 0.00449 0.0004 0
PRT 0.002999 1.00E-04 0
ESP 0.002198 0.0003 0
GRC 0.001699 0.0004 0
Cyp 0 0 0 0
DNK 0 0 0 0
FIN 0 0 0 0
GBR 0 0 0 0
IRL 0 0 0 0
SWE 0 0 0 0

The overall risk to boars by country is found in Table 9. As trade in live pigs does not include a transmission to
boar component, only the two other pathways are combined to produce the overall risk. For all the highest risk
countries the movement of wild boar is the pathway with greatest risk, although many of these high risk
countries have a high probability for both pathways. For all other countries, the legal trade of pig meat products
is highest. This is because the movement of wild boar pathway can only affect those countries with wild boar
cases already or neighbouring those that do, whereas the legal trade of pig meat products can affect all
countries that have wild boar.



Table 9 The probability of at least one infection with ASFV in boar in each country for all pathways
combined and for the individual pathways (trade in live pigs not included as boar cannot be infected via this
route). Countries are listed from greatest overall risk to lowest. The individual pathways are colored
according to the risk per pathway — the darker the color of pathway for that country, the riskier for that
country. Countries are indicated by their ISO3 code.

Legal trade in pig | Movement of

Country | Overall Risk | meat products wild boar

ITA 1 0.996513

EST 1 0.963429

HUN 1 0.893238

LVA 1 0.878729

LTU 1 0.851094

FRA 1 0.641203

POL 1 0.505774

BGR 1 0.376832

CZE 1 0.370403

ROU 1 0.197674

BEL 1 0.097364

LUX 1 0.064819

SVK 1 0.076066

HRV 0.993581 0
AUT 0.973209 0
GRC 0.933435 0
SWE 0.853432 0
DEU 0.640135 0
DNK 0.571805 0
PRT 0.493721 0
ESP 0.421196 0
GBR 0.330601 0
SVN 0.083725 0
NLD 0.048971 0
FIN 0.0002 0
CYP 0 0 0
IRL 0 0
MLT 0 0 0
MNE 0 0 0
TUR 0 0 0




Supplementary Info S3: Scenario and Sensitivity Analysis

Scenario Analysis
Methods

We perform a scenario analysis for this pathway to investigate the role of detection of ASF-infected animals at
entry to the country. In the baseline results we assume that no detection takes place, because all testing of pigs
or pig meat in the EU is voluntary. However, it is possible that some countries implement testing of animals on
entry, perhaps by observation or by clinical tests. To explore the effect that successful detection of animals
would have on the probability of infection with ASF in pigs across Europe, we perform a scenario in which all
countries have a probability of 0.375 of detecting each infected pig. This value of 0.375 is chosen based upon the
assumption that most detection would be via visual inspection and then comparing the length of the latent
period in pigs compared to the length of time of clinical signs. We use a value of 10 days for the number of days
before clinical signs appear (see Table 5) and a value of 6 days for the number of days that clinical signs are
apparent (the mode of the infectious period, Table 1). Thus the proportion of time that animals show clinical
signs compared to the overall time that they are infectious is 6/(6+10) = 0.375. To implement this into our risk
assessment framework, we set /(c) to be the number of live pigs successfully passing inspection and entering
each cell ¢, and is calculated as follows:

J(©)~Bin(I(c), pp),

where I(c) is the number of infected animals entering cell ¢ prior to any inspection (as per the main text) and
pp is the probability of detecting infection in each pig.

Results

The results for the scenario analysis for the legal trade of live pig pathway, in which we assume that there is a
probability of detection of 0.375, are presented in Figure 5. The implementation of detection results in
approximately the same number of farms across Europe with non-negligible risk (a decrease of 0.2% in the
number of farms). The farm with the maximum probability of infection in pigs in the baseline scenario is 0.652
whereas in the scenario it has a probability of infection of 0.482, a reduction of 26%. The mean probability of
infection on a farm is 0.023 in the baseline results whereas it is 0.018 in the scenario, a reduction of 22%.
Furthermore, some farms do not experience any reduction in risk. Therefore, there is a non-linear relationship
between the probability of detection and the probability of infection on a farm, such that the probability of
detection needs to be higher than the desired reduction in risk on a farm, although it does seem to reduce the
risk most for the highest risk farms.



® No Data
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Figure 5 The probability of at least one infection of ASFV in pigs in 2019 from trade of live pigs at a farm
level assuming a probability of detection of 0.375. In (A) all of Europe is plotted while in (B) the map is
zoomed in to the dotted rectangle in (A) and in (C) the map is zoomed in to the dashed rectangle in (A). All
farms indicated by a circle imported at least one infected animal in at least one simulation and the color
indicates the probability that one or more susceptible pigs became infected. Countries in grey have
insufficient data to complete the risk assessment. All farms in the regions with negligible risk either did not
import any pigs or did not import any infected pigs. © EuroGeographics for the administrative boundaries



Sensitivity Analysis
Methods

Due to the most uncertainty appearing in the legal trade of food pathway, and since uncertainty in the legal
trade of animals and movement of wild boar pathways was explored in Taylor et al. (2019a) and Taylor et al.
(2019b) respectively, we consider only parameters in the food pathway in the sensitivity analysis. The
parameters we consider and their values within the sensitivity analysis are provided in Table 10. We do not
explore all parameters in this pathway but focus on those which are most uncertain.

Table 10 The parameters we explore in the sensitivity analysis along with their original value in the
baseline results and the value used in the sensitivity analysis.

- Value used in )
Parameter Original Value . . Reasoning
sensitivity analysis

Based on a bootstrap analysis of
the EcoSure (2008) data, a
maximum of 32% of food is not
cooked to at least 60°C

Probability food is not
cooked to at least 60°C 0.2 0.32

(Pc<s0)

Normal(y, 6.6)

Where pis:
Proportion of food .
wasted at a restaurant U023 For all EU MS: We set all EUMS to be the
(9w (R)) or household Netherlands: 0.08 highest estimate found in
w u .
(o (D) Denmark: 0.07 Normal(0.23, 6.6) literature

Germany: 0.13
Other EU MSs: 0.145

Maximum value found in
0.14 0.22 literature (Hernandez-Jover et
al. 2016)

Probability of illegal swill-
feeding (psp)

Use the maximum from the pert
distribution pert(0.05, 0.1, 0.2)

Probability boar can

access the landfill site 0.1 0.2
( ) used by Herrera-lbata et al.
Paw (2017)
Duration of waste An assumption that waste may
1/365 7/365 .
availability (T}y) be available for up to a week

We calculate the probability of at least one infection in boar and pigs in each 100km? cell similar to the baseline
results. We then compare the results using the changed parameters with the baseline results to analyse which
parameters the food pathway is most sensitive to. The maps are the best way to get a good overview of the
effect of the uncertain parameters on the model, and so these are provided in Supplementary Info S2. However,
in order to compare across parameters to see which the model is most senstive to, we use two metrics. We
focus on the cells which we define to be a hotspot in order to see how much the model affects this aspect of the
results. We set a relatively low bound for the definition of a hotspot — a probability of infection of >0.02 for wild
boar and a probability of infection of >0.0001 for pigs. Our first metric is the number of hotspot cells that exist



across Europe while the second the is the distribution of the probability of infection for hotspot cells in Europe,
both calculated separately for boar and pigs.

Additional Results

We provide for further clarification the maps of the 5 sensitivity analysis for the food pathway.
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Figure 6 The probability of at least one infection of ASFV in 2019 in (A) wild boar and (B) pigs, via trade in
legal pig meat products, plotted at a 100km? cell level across Europe for sensitivity WA - duration of waste
is increased from 1 day to 7 days. Countries in grey have insufficient data to complete the risk assessment.
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Figure 7 The probability of at least one infection of ASFV in 2019 in (A) wild boar and (B) pigs, via trade in
legal pig meat products, plotted at a 100km? cell level across Europe for sensitivity WP — the proportion of
meat products that go to waste in a household or restaurant is increased. Countries in grey have
insufficient data to complete the risk assessment.



0.10
0.08
0.06
0.04
0.02

8e-04
7e-04
6e-04
5e-04
4e-04
3e-04
2e-04
1e-04

Figure 8 The probability of at least one infection of ASFV in 2019 in (A) wild boar and (B) pigs, via trade in
legal pig meat products, plotted at a 100km? cell level across Europe for sensitivity SF — the probability of
illegal swill-feeding on a backyard farm is increased from 0.14 to 0.22. Countries in grey have insufficient
data to complete the risk assessment.
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Figure 9 The probability of at least one infection of ASFV in 2019 in (A) wild boar and (B) pigs, via trade in
legal pig meat products, plotted at a 100km? cell level across Europe for sensitivity BA — the probability that
boar are able to access a waste site is increased from 0.1 to 0.2. Countries in grey have insufficient data to
complete the risk assessment.
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Figure 10 The probability of at least one infection of ASFV in 2019 in (A) wild boar and (B) pigs, via trade in
legal pig meat products, plotted at a 100km? cell level across Europe for sensitivity FC — the probability that
food is not cooked sufficiently to kill the virus is increased from 0.2 to 0.32. Countries in grey have
insufficient data to complete the risk assessment.
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