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Abstract 
 
Terms of reference 
The objective of this self-tasking mandate is to provide the risk manager with a semi-
quantitative risk assessment of different transmission routes of introduction of African Swine 
Fever (ASF) from wildlife (wildboars) to Belgian domestic pig holdings and subsequent spread 
towards other holdings. Furthermore, this assessment allows a ranking of these transmission 
routes according to different criteria (i.e. likelihood of contamination, likelihood of transmission 
and frequency of contact) and aims to help the risk manager to prioritise mitigation measures 
against both risks of virus introduction and virus spread.  
 
Given the actual (winter 2019-2020) epidemiological context of ASF in Belgian wildlife (the 
Belgian domestic pig sector is still ASF free, while the virus is present in wildlife), the different 
transmission routes studied for the introduction of the virus focused on those originating from 
wildlife (wild boars) and those associated with the currently contaminated area in Belgium (e.g. 
contaminated vegetal products, leisure activities, etc.). A previous opinion of the Scientific 
Committee (rapid opinion 08-2014) already assessed the introduction routes in the context of 
the official status ‘free from ASF’ that was attributed to Belgium at that time. 
 
Methods 
This opinion is based on i) a survey among national and international experts (expert 
knowledge elicitation), ii) the statistical analysis of the results obtained from the survey and iii) 
data from the scientific literature. 
 
A risk (here the risk of both ASF introduction in the domestic pig sector and subsequent spread) 
can be defined as the likelihood of the occurrence and the likely magnitude of the biological 
and economic consequences of an adverse event/effect/hazard (which can occur through 
different pathways and transmission routes) to animal or human health. In this opinion, the 
following risks were considered: the risk of ASF virus introduction from wildlife (wild 
boars) to the domestic pig sector and the risk of subsequent ASF virus spread between 
pig holdings. The experts were not requested to assess the consequences of the occurrence 
of the hazard since these are ultimately the same for each of the transmission routes 
(introduction of ASF into the domestic pig sector and loss of the officially free status) and have 
already been assessed as very high (in previous SciCom opinions related to ASF).  
 
All routes considered for both ASF introduction and spread between pig holdings were 
assessed based on three criteria: 
 

- probability of contamination by ASF virus of the transmission route; 
- probability of transmission of ASF virus to domestic pigs via the transmission route; 
- frequency of contact between domestic pigs and the transmission route. 

 
A hazard score was calculated for each of the potential introduction and transmission routes 
by multiplying the median individual scores for each of the three criteria and led to a ranking 
of the different routes.  
 
Experts were also asked to estimate the degree of uncertainty related to their assessments 
over the three aforementioned criteria. The total uncertainty associated with the assessment 
of each transmission route was calculated by making the sum of the median individual scores 
of uncertainty of each criterion. 
 
The study of risk mitigation measures was carried out by comparing the ranking of the different 
transmission routes with data on the level of biosecurity application in the Belgian pig 
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production sector collected by means of the Biocheck.ugent biosecurity scoring tool. This 
Biocheck.ugent tool is developed for the broad assessment of internal and external biosecurity 
levels of pig holdings. Since external biosecurity is the most important aspect for both risk of 
introduction and subsequent spread between pig holdings, risk mitigation measures were only 
assessed at this level.  
 
Conclusions and recommendations 
The assessment carried out in this survey only concerned the risks of introduction and spread 
between pig holdings and not the risk of ASF virus spread in wildlife. In the Belgian 
epidemiological context and based on national and international expert opinion, the semi-
quantitative assessment of the transmission routes has identified some routes as the most 
important ones. Furthermore, regression tree analyses allowed the ranking of transmission 
routes for introduction and spread according to their associated risk into 4 and 3 distinct groups, 
respectively:  
 
For the risk of ASF virus introduction from wildlife to pig holdings the following 4 groups (by 
decreasing order of importance within each group) could be distinguished: 
 

- group 1 (very high probability): ‘farmer’, ‘bedding material’, ‘veterinarian’ and 
‘professionals from the pig sector’;  

- group 2 (high probability): ‘swill feeding’, ‘farm vehicles/feeding equipment’, 
‘contaminated vegetal products’, ‘hunter’, ‘alive wild boar’, ‘farm dog’, ‘rodents’ and 
‘bird’; 

- group 3 (moderate probability): ‘hunting dog’, ‘well water’, ‘cat’, ‘hematophagous 
arthropods’ and ‘river water’; 

- group 4 (low probability): ‘culture/forest worker’, ‘wild boar cadaver/trophies’, ‘wild 
animal other than wild boar’, ‘hiker’, ‘fisherman’, ‘non-professional visitor’, ‘ruminant’ 
and ‘horse’. 

 
For the risk of ASF spread between pig holdings, the following 3 groups (by decreasing order 
of importance within each group) could be distinguished: 
 

- group 1 (high probability): ‘animal movements’, ‘farmer’, ‘veterinarian’, ‘iatrogenic’, 
‘animal transport truck’ and ‘animal care equipment’;  

- group 2 (moderate probability): ‘professional from the pig sector’, ‘controller for 
authority’, ‘hematophagous arthropods’, ‘animal by-products’, ‘rendering truck’, 
‘embryo/sperm/oocysts’, ‘swine blood products’ and ‘manure transport’; 

- group 3 (low probability): ‘rodents’, ‘feed truck’, ‘non-professional visitor’, ‘inseminator 
vehicle’, ‘dog’, ‘cat’, ‘bird’, ‘airborne’ and ‘ruminant’.  

 
These respective ranking and grouping should help the risk manager to prioritise risk mitigation 
measures. 
 
Applying specific external biosecurity measures that aim to reduce the risk of indirect ASF virus 
transmission were identified as important risk mitigation measures for each of the potential 
transmission routes assessed in this study. They were selected from the Biocheck.ugent tool 
used to assess both internal and external biosecurity levels of pig holdings. According to the 
relative ranking of transmission routes, the biosecurity measures focusing on hygiene of staff 
and visitors (farm clothing, hygiene lock, hand hygiene, pig free downtime, shower, individual 
equipment and clothing for care of other animal species in the farm) are particularly important. 
Considering bedding material as a potential route of ASF virus introduction, its origin must be 
checked by the farmer. In the case of a holding allowing temporary or permanent outdoor 
access, these measures must be complemented with measures prohibiting direct or indirect 
contacts with wild boars, including approved (doubled) fences against these animals. These 
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fences should also be considered as a general biosecurity measure for closed holdings to 
prevent any entrance or access of pests to feed and feed supply material. Awareness about 
ASF must be maintained in every pig holding, whatever its distance from the currently 
contaminated zone. 
 
The Scientific Committee recommends maintaining vigilance and communication about the 
importance of biosecurity measures in every pig holding. 
 
In order to maintain the ASF-free status of the Belgian domestic pig population (thus avoiding 
as much as possible the risk of virus introduction), the Scientific Committee recommends the 
risk managers to pay specific attention to those biosecurity measures for pig holdings that 
prevent introduction via the transmission routes that were ranked as most important during this 
study (see also rapid opinion 07-2019 of the Scientific Committee). 
 
To the opinion of the Scientific Committee, the use of a tool to assess the biosecurity level of 
pig holdings is highly relevant and sustainable (i.e. by its capability to induce motivation to 
comply to the biosecurity rules) in the context of a ‘prevention is better than cure’ strategy 
against animal diseases. As in its opinion 07-2019, the Scientific Committee recommends to 
quickly organize a regular monitoring of the biosecurity level of each Belgian pig holding. 
Complementary, the Scientific Committee recommends that any tool used to asses the 
biosecurity level of a pig holding should also allow to convert the main result of this tool into 
results for a particular disease (e.g. using scientifically based weights to particular questions 
or criteria’s in the assessment).  
 
For these future assessments, the Scientific Committee recommends the risk managers to be 
particularly vigilant and give a priority weight to external biosecurity measures allowing risk 
mitigation of indirect virus transmission. These measures must be accompanied by measures 
to reduce direct contact with wildboars in the case of holdings allowing temporary or permanent 
outdoor access and located close to areas defined by the EU regionalisation regarding ASF 
(zones I and II). 
 
In case of an introduction, the Scientific Committee recommends risk managers to be 
particularly vigilant to the most important transmission routes as identified in this study. 
 
As illustrated by the uncertainties associated with some of the transmission routes, the 
Scientific Committee recommends performing more research on ASF, especially in those fields 
for which little experimental data are currently available in the literature (e.g. the persistence 
of the virus in vegetal matrices, the role of vectors).  
 
The Scientific Committee recommends to the different risk managers, currently collaborating 
for the management of the ASF outbreak in Belgian wildlife and according to their respective 
competencies, to take into account the classification of the transmission routes identified in 
this study for the introduction of ASF into pig holdings with a special attention to the risk 
mitigation measures related to wildlife as well as to management of the contaminated area. 
Any assessment specifically related to the risk of spread of ASF virus from infected wildlife to 
wildlife was not treated in this opinion and must be the object of a specific risk assessment.
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1. Terms of reference  

1.1. Question 
The objective of this self-tasking mandate is to provide the risk manager with a semi-
quantitative risk assessment of different transmission routes for the introduction of African 
swine fever (ASF) virus from wildlife to Belgian domestic pig holdings and subsequent spread 
towards other holdings. Furthermore, this assessment allows a ranking of these transmission 
routes according to different criteria and aims to help the risk manager to prioritise mitigation 
measures against both risks of virus introduction and virus spread.  
 
Given the actual (winter 2019-2020) epidemiological context of ASF in Belgian wildlife (the 
Belgian domestic pig sector is still ASF free, while the virus is present in wildlife), the different 
transmission routes studied for the introduction of the virus were focused on those originating 
from wildlife (wild boars) or those associated with the currently contaminated area in Belgium. 
A previous opinion of the Scientific Committee (rapid opinion 08-2014) already assessed the 
introduction routes in the context of the officially free status that was still attributed to Belgium 
at that time. 
 
1.2. Legal framework 
Council Directive 2002/60/EC of 27 June 2002 laying down specific provisions for the control 
of African swine fever and amending Directive 92/119/EEC as regards Teschen disease and 
African swine fever. 
 
Commission Implementing Decision (EU) of 9 October 2014 concerning animal health control 
measures relating to African swine fever in certain Member States and repealing Implementing 
Decision 2014/178/EU. 
 
Commission Implementing Decision (EU) of 14 September 2018 concerning certain interim 
protective measures relating to African swine fever in Belgium. 
 
Commission Implementing Decision (EU) 2018/1281 of 21 September 2018 concerning certain 
protective measures relating to African swine fever in Belgium. 
 
Commission Implementing Decision (EU) 2019/489 of 25 March 2019 amending the Annex to 
Implementing Decision 2014/709/EU concerning animal health control measures relating to 
African swine fever in certain Member States. 
 
Loi du 24 mars 1987 relative à la santé des animaux. 
 
Arrêté royal du 14 juin 1993 déterminant les conditions d’équipement pour la détention des 
porcs. 
 
Arrêté royal du 19 mars 2004 relatif à la lutte contre la peste porcine africaine. 
 
Arrêté royal du 3 février 2014 désignant les maladies des animaux soumises à l’application du 
chapitre III de la loi du 24 mars 1987 relative à la santé des animaux et portant règlement de 
la déclaration obligatoire. 
 
Arrêté royal du 18 juin 2014 portant des mesures en vue de la prévention des maladies du 
porc à déclaration obligatoire. 
 
Arrêté ministériel du 26 septembre 2018 portant des mesures d’urgence concernant la lutte 
contre la peste porcine africaine. 
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Arrêtés ministériels de la Région wallonne du 1er octobre 2019 interdisant temporairement la 
circulation en forêt pour limiter la propagation de la peste porcine africaine. 
 
1.3. Methods 
This opinion is based on a survey among national and international experts (expert opinion), 
the statistical analysis of its results and data from the scientific literature. To provide a semi-
quantitative assessment of the risk associated with each considered transmission route for 
introduction or propagation, a questionnaire survey (survey form in Annex 1) was carried out 
by e-mail among national (n=20) and international (n=14) experts. This allowed to bring 
together a joint expertise at the levels of veterinary virology, veterinary epidemiology, the pig 
sector, wildlife and knowledge of the particularities of the Belgian epidemiological context 
associated with the spread of ASF in wildlife (Annexes 2 and 3). 
 
A risk (here the risk of both ASF virus introduction and spread to the domestic pig sector) can 
be defined as the likelihood of the occurrence and the likely magnitude of the biological and 
economic consequences of an adverse event/effect/hazard (which can occur through different 
pathways and transmission routes) to animal or human health. During this assessment, the 
experts were not requested to assess the consequences of the occurrence of the hazard since 
these are ultimately the same for each of the transmission routes (introduction of ASF into the 
domestic pig sector and loss of the officially free status) and have already been assessed as 
very high (these important animal health and economic consequences have already been 
discussed in previous SciCom opinions related to ASF).  
 
The statistical method used for the aggregation of the results is given in Annex 4. Briefly, the 
transmission routes considered for both ASF virus introduction and spread to pig holdings were 
semi-quantitatively assessed based on three criteria: 
 

- probability of contamination by ASF virus of the transmission route; 
- probability of transmission of ASF virus to domestic pigs via the transmission route; 
- frequency of contact between domestic pigs and the transmission route. 

 
These three criteria were assessed by the experts using a scale of qualifiers (see Annex 1) 
which were transformed numerically (scale from 0 to 5) for statistical analyses.  
 
A score of hazard occurrence for each of these transmission routes was calculated by 
multiplying the median scores for the three mentioned criteria. The different transmission 
routes were thereafter ranked based on this final score of hazard occurrence (scale from 0 to 
125). 
 
Experts were also asked to estimate the degree of uncertainty (scale from 1 to 3) related to 
their assessments. The total uncertainty associated with the assessment of each transmission 
routes was calculated by the sum of the median individual scores of uncertainty of each 
criterion (scale from 0 to 9). 
 
The study of risk mitigation measures was carried out by cross-checking the ranking of the 
different transmission routes with the Biocheck.ugent tool (Laanen et al., 2010; Filippitzi et al., 
2018). The Biocheck.ugent tool was developed by Ghent University for the assessment of the 
internal and external biosecurity levels of pig holdings. Since external biosecurity is the most 
important aspect for both risk of introduction and risk of spread between pig holdings, risk 
mitigation measures were only assessed at this level.  
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1.4. Definitions et abbreviations 
Risk pathway: a spatial and/or temporal sequence of all events (generally each with a 
probability of occurrence) leading from the existence of a hazard (here biological, the presence 
of the ASF virus in the Belgian wildlife) to the occurrence of a risk associated with that hazard 
(here introduction of ASF from the infected wild boars into a pig holding with or without spread 
to other pig holdings, as well as all consequences associated with the loss of ASF-free status 
for the pig sector). 
 
Routes of transmission: in this opinion, the different animate or non-animate vectors that can 
lead to ASF virus infection of a domestic pig through direct or indirect contact. 
 
Introduction: in this opinion, the initial event leading to the infection with the ASF virus of a first 
domestic pig in the Belgian domestic herd. 
 
Spread: in this opinion, the spread of ASF virus between Belgian domestic pig herds. 
 
Biosecurity: a set of management measures to prevent or reduce the risk of introduction, 
establishment and spread of pathogens into, from, and within an animal population1. 
Biosecurity can be separated into external biosecurity (reduction of the risk of pathogens 
entering, “exclusion of the pathogen”) and internal biosecurity (reduction of the risk of 
establishment and spread of pathogens within the animal population, “containment of the 
pathogen”). 
 
Boxplot: statistical representation allowing to illustrate the dispersion of a series of values. The 
median (less sensitive to extreme values than the mean) is identified in the form of a line within 
the interval between the first quartile (first 25% of the recorded values) and the third quartile 
(75% of the recorded values). This interval thus includes 50% of the recorded values. The 
"whiskers" of the boxplot identify the lower and upper values corresponding to 1.5 times the 
interquartile range. The most extreme values are represented as dots at both ends of the 
graph. 
 
To facilitate the assessment, transmission routes were assessed for a standard Belgian 
commercial2 (without temporary or permanent outdoor access) pig farm, i.e. a farm with more 
than 50 pigs3. 
 

                                                           
1 Biosecurity, at the level of the holding, refers to three concepts: ‘bio-exclusion’ – avoiding the entry of a new pathogen in a 
holding; ‘bio-management’ – controlling the pathogens while they are already circulating within the holding; and ‘bio-containment’ 
– preventing the spread of pathogens outside of the holdings” 
2 Commercial farms: farms that sell pigs, send pigs to slaughter, or move products from these pigs (semen, embryos, oocytes) 
from their premises. 
3 In January 2019, the Belgian domestic pigs population acounted for more than 7,250 registered farms with a capacity of about 
470,000 places for breeding pigs and about 5,100,000 places for fattening pigs. These 7,250 holdings were distributed as follows: 
 - Approximately 50% were fattening farms (2,1 million places), the majority with more than 50 pigs; 
 - approximately 25% of farms with sows (350,000 places); 
 - about 700 holders of companion pigs (with an average of 2 pigs);  
 - a very limited number of farms keeping captive wild boar (these farms are considered as domestic pig farms and must meet the 
same regulatory requirements).  
The highest densities of pig holdings were found in the North of Belgium, in Flanders. 
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Having regard to the meetings of the working group on May the 17th, June the 25th, August the 
27th, November the 26th, December the 11th 2019, January the 14th and February the 14th 2020 
and the plenary session of the Scientific Committee on March the 20th 2020, 
 
 

the Scientific Committee is delivering the following opinion: 
 

2. Context 

ASF is an infectious viral disease (family Asfarviridae) notifiable to the EU and the OIE (Beltrán-
Alcrudo et al., 2017; OIE, 2019). It affects Suidae (in particular domestic pigs and wild boars) 
and is not transmissible to humans. Wildlife (wild boars) from a small area in the south of 
Belgium is currently infected with the disease (Linden et al., 2019). 
 
The European control strategy introduces regionalisation as well as associated differentiated 
measures depending on the zones defined in the infected countries. Currently, two types of 
zones are defined in Belgium (see also http://www.wallonie.be/fr/actualites/mesures-de-lutte-
contre-la-peste-porcine-africaine for an update of regionalisation at the level of Belgium): 
 

- zone I, which is a peripheral zone to the contaminated one, without infected wild boars; 
- zone II, which corresponds to the region where infected wild boars have been found. 

 
As of the date of this opinion, Belgium still retains its ASF-free status for domestic pig 
holdings. A previous opinion of the Scientific Committee (rapid opinion 08-2014) discussed 
the routes of introduction in the context of the officially free status that was still attributed to 
Belgium at that time, when the virus started to spread in Eastern Europe. 
 
The main characteristics of the transmission cycle, pathogenesis, clinical and epidemiological 
features and control measures in Belgium associated with the ASF virus as well as previous 
risk assessments carried out in the context of the ASF outbreak in Belgian wildlife can be 
retrieved in the Scientific Committee's rapid opinions 16-2018, 06-2019, 07-2019, 09-2019, 10-
2019 and the urgent advices 05-2019 and 14-2019 (SciCom 2018, 2019a, 2019b, 2019c, 
2019d, 2019e).  
 
The ASF virus infects suids mainly through the oronasal route and is very resistant in the 
external environment, especially when associated with biological materials (blood, meat, 
cadavers, faeces). Many potential transmission routes allow the virus to be transmitted from 
an infected individual to a healthy one. They are of both direct (via infected wild boars, their 
excretions and their cadavers) and indirect nature (via animate or non-animate vectors such 
as mechanical carriage of the virus by humans, contaminated clothing or equipment) (Beltrán-
Alcrudo et al., 2017; Guberti et al., 2018). 
 
3. Opinion 

3.1. Semi-quantitative assessment of the transmission routes for introduction and 
spread of African swine fever to pig holdings 

3.1.1. Semi-quantitative assessments of the transmission routes for introduction of African 
swine fever into a pig holding 

The following transmission routes were considered for the analysis of the risk of introduction 
of ASF virus into pig holdings:  
 

http://www.wallonie.be/fr/actualites/mesures-de-lutte-contre-la-peste-porcine-africaine
http://www.wallonie.be/fr/actualites/mesures-de-lutte-contre-la-peste-porcine-africaine
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- those related to infected wild boars: alive infected wild boar (‘alive wild boar’), 
infected wild boar cadaver/trophies from an infected wild boar (‘wild boar 
cadaver/trophies’); 

- those human-related: ‘farmer’ (the operator in a pig holding), practitioner 
(‘veterinarian’), ‘hunter’, ‘fisherman’, people circulating by walk through the 
contaminated zone (‘hiker’), ‘crop/forest worker’, ‘professional from the pig sector’, 
‘non-professional visitor’ of a pig farm who has been in a contaminated area; 

- those related to material for animal care: ‘farm vehicle/feeding equipment’, ‘bedding 
material’; 

- those related to ‘arthropods’ i.e. ticks, hematophagous insects and flies and other, 
maggots; 

- those related to animals (other than wild boar, that have been in contact with the 
ASF virus in regulated zone, and if in contact with domestic pigs): ‘rodents’, ‘hunting 
dog’, ‘farm dog’, ‘ruminant’, ‘horse’, ‘bird’, ‘cat’, ‘wild animals’ other than wild boar; 

- those related to feed: ‘swill feeding’, ‘contaminated vegetal products’ (feed); 
- those related to water: ‘well water’, ‘river water’.  

 
For the assessment, it was considered that all these vectors acting as transmission routes for 
the virus were infected/contaminated and/or originated or had circulated in the contaminated 
zone. 
 
Indicatively, Fig. 1 illustrates how the synthesis of the results from each expert was presented 
per transmission route: assessment of the likelihood of contamination (and related 
uncertainty), of the likelihood of transmission (and related uncertainty), of the frequency of 
contacts with pigs (and related uncertainty), of the risk assessment of introduction by 
multiplying medians of the former three criteria (and related uncertainty by summing up the 
median values of uncertainty on the former risk factors). Median values (represented by the 
black line within the box in Fig. 1) were used as they are less affected by extreme values than 
the mean value. Annex 6 gives the details about every semi-quantitative assessment received 
for all transmission routes.  
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Figure 1: Boxplot of the results of the semi-quantitative assessment of the 'alive wild 
boar' transmission route for the introduction of ASF into pig holdings.  

 
 
Concerning ASF introduction into pig holdings from wildlife, Fig. 3 is showing four groups with 
the different studied transmission routes. These groups were constituted upon statistical 
analysis (regression tree analysis, Fig. 2). From the highest to the lowest probability of 
occurrence: 
 

- group 1 (very high probability): ‘farmer’, ‘bedding material’, ‘veterinarian’ and 
‘professionals from the pig sector’;  

- group 2 (high probability): ‘swill feeding’, ‘farm vehicles/feeding equipment’, 
‘contaminated vegetal products’, ‘hunter’, ‘alive wild boar’, ‘farm dog’, ‘rodents’ and 
‘bird’; 

- group 3 (moderate probability): ‘hunting dog’, ‘well water’, ‘cat’, ‘hematophagous 
arthropods’ and ‘river water’; 

- group 4 (low probability): ‘culture/forest worker’, ‘wild board cadaver/trophies’, ‘wild 
animal other than wild boar’, ‘hiker’, fisherman’, ‘non-professional visitor’, ‘ruminant’ 
and ‘horse’. 

 
These four groups also allow the identification of risk mitigation measures to be prioritised (see 
point 3.2). 
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Figure 2: Risk groups for the introduction of African swine fever into pig farms, obtained 
following regression tree analysis. The groups range from 1 to 4, from the group with 
the highest risk (group 1) to the lowest risk (group 4). The total scores were transformed 
to probability values (i.e. from 0 to 1). The median uncertainty was scaled from 1 to 3 
and represented in the figure asterisks: low (*), medium (**), high (***). The transmission 
routes are ranked according to their median values reported to a probability of 0 to 1. 
 

 
 
A ranking of transmission routes for the ASF introduction into pig holdings was inferred based 
on the median values obtained (Fig. 3). 
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Figure 3: Ranking, by order of importance, of transmission routes for ASF introduction 
into pig holdings. The X-axis represents the hazard score (see chapter 1.3. Methods for 
details). Transmission routes are also grouped following regression tree analysis, from 
the highest to the lowest importance, based on the hazard scores (see Fig. 2 of this 
opinion). Median values were obtained following a semi-quantitative assessment by 34 
national and international experts. A colour code is representing the uncertainty 
(median value) expressed by the experts on their assessments. Groups were inferred 
following regression tree analysis.  
 

 
 
The figure 3 shows that four transmission routes stand out for their importance regarding the 
risk of ASF introduction into pig holdings: 
 

- an introduction event involving the farmer himself/herself, through indirect contacts 
he could have with animate or non-animate vectors of the virus originating from the 
currently contaminated area; 

- the material that could be used as bedding for the animals (mainly straw) if it is 
originating from the currently contaminated area and must be presumed as 
contaminated; 

- the practitioner (veterinarian) in charge of the herd health management or any other 
veterinarian having frequent access to the holding (again through a role of indirect 
mechanical vector following contacts he could have had with infected or contaminated 
material/living host originating from the currently contaminated zone); 

- the professionals from the pig sector, here again through a role of indirect 
mechanical vector following contacts he could have had with infected or contaminated 
material/living host originating from the currently contaminated zone). 

 
Moreover, the assessment of these four routes was associated with a lower uncertainty 
compared to the assessment of most of the other transmission routes (apart from ‘swill feeding’ 
and ‘alive wild boar’), which further reinforces their relative importance. 
 
Concerning the bedding material, it should be noted that the use of straw as bedding material 
is a rare practice in most Belgian pig holdings. In this assessment, it was specifically indicated 
to the experts that the bedding material under consideration was coming from the 
contaminated area in Belgium and contaminated by the virus. Since the animals have frequent 
contacts with their bedding material and it was considered as contaminated, it is logical to find 
this transmission route to be relatively highly ranked. In the particular (rare) case of usage of 
straw as bedding material, the owner should therefore receive assurance about the origin of 
the material. 
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It should be noted that transmission routes based on direct contact with contaminated wild 
boars (e.g. infected live wild boar) were ranked relatively low. This is likely related to the 
epidemiological context in Belgium regarding ASF (i.e. a small minority of pig holdings without 
outdoor access, professionalized operators, a very strict regulatory framework, a strong 
regionalization of pig and wild boar population densities and a large geographical distance 
between the infected wild boar area’s and the domestic pig production area. However, the risk 
associated with direct transmission routes, and particularly contacts with infected alive wild 
boars, will increase in the case of holdings with temporary or permanent outdoor access and 
located near the contaminated and surveillance area (zones I and II). This needs to be 
considered when designing risk mitigation programs. 
 
Some specific assessments deserve attention because the involved risks have been the 
subject of recent opinions of the SciCom:  
 

- the relatively high ranking of contaminated vegetal products (other than bedding 
material) originating from the contaminated zone and which can be used as pig feed 
(confirming the concerns expressed in the urgent advice 14-2019); 

- the relatively low ranking for people not directly involved in the management of a pig 
holding and who would have indirect contacts with infected material during 
professional or leisure stays in the contaminated area, such as hikers or forest 
workers (urgent advice 05-2019, rapid opinions 09-2019 and 10-2019). 

 
Regarding the risk associated with people not directly involved in the management of a pig 
holding and circulating in the contaminated area, it must be stressed that the assessment 
carried out in this survey only concerned the risks of introduction and spread to pig holdings 
(competence of the Federal Agency for the Safety of the Food Chain (FASFC)). It will be up to 
the competent risk managers to decide on the importance of these transmission routes for ASF 
virus spread in wildlife (wild boars). The latter risks should be reassessed based on previous 
assessments of the Scientific Committee and considering the modifications of the 
epidemiological situation (apparent decrease in ASF incidence in wildlife), the huge efforts in 
collecting wild boars cadavers from the contaminated zone, the effort in depopulating wild 
boars from the contaminated zone (traps, hunting), efforts in biosecurity compliance by 
professionals working in the contaminated area, all advertisements installed in the 
contaminated zone for tourists and hikers. However, vigilance at its highest level is needed 
against the risk to undergo new cases while the ultimate goal of eradicating the disease 
becomes realistic.   
 
Fig. 4 shows the relative ranking of the transmission routes for ASF introduction into pig 
holdings when this is considered from each of the assessment criteria. These respective 
rankings may also help the risk managers in prioritizing risk reduction measures based on the 
context or type of risk to be mitigated (see next chapter). For example, bedding material 
receives median assessments on likelihood of contamination (3), likelihood of transmission (3) 
and frequency of contacts with domestic pigs (4). Forbidden usage of any straw originating 
from the contaminated area and/or efficient treatment thereof is highly decreasing the risk 
(likelihood) of ASF virus introduction through this transmission route. Hikers have a higher 
likelihood of contamination and transmission but a very low frequency of contacts with pigs. 
Associating disinfection advices to avoiding entrance of non-professional people into pig 
holdings and awareness regarding ASF would decrease the risk of ASF virus introduction into 
pig holdings through this transmission route. 
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Figure 4: Relative ranking of transmission routes for the risk of ASF introduction into 
pig holdings when considered based on each assessment criterium (probability of 
contamination, probability of transmission, frequency of contact). Median values were 
obtained following a semi-quantitative assessment by 34 national and international 
experts. A colour code is representing the uncertainty (median value) expressed by the 
experts on their assessments.  

 

 
 

Fig. 4 also explains the relatively high ranking of swill feeding. Swill feeding is the practice of 
using ‘kitchen waste’ (or rather leftovers) to feed pigs. In Belgium, this practice is however 
forbidden by regulation, following the previous incursion of African swine fever in Belgium in 
1985 which occurred via this transmission route (pigs fed with contaminated pig meat from 
Spain; Biront et al, 1987). This is also forbidden by the European regulation (Regulation (EC) 
n°1069/2009 of the European Parliament and the Council of 21 October 2009 laying down 
health rules as regards animal by-products and derived products not intended for human 
consumption and repealing Regulation (EC) n° 1774/2002 (Animal by-products Regulation)). 
This route is known to be very efficient for the ASF transmission between domestic pigs given 
the resistance of the virus, particularly in meat. This has been regularly demonstrated during 
ASF epidemic in Eastern European countries. On one hand, swill feeding was scored with very 
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high values for the likelihood of contamination (score = 4, medium uncertainty) and 
transmission (score = 5, medium uncertainty) if it was containing contaminated meat. On the 
other hand, the frequency of contact with pigs was assessed much lower (score = 1, low 
uncertainty). However, the relative importance of the risk associated with swill feeding should 
be reminded to all operators, especially hobbyists and petting zoos or those with less 
experience in the pig production sector, and who might misinterpret the terms of the regulation 
in this respect. Indeed, more than any kitchen waste, any food containing swill meat (pork, wild 
boar) is prohibited to be fed to domestic pigs. The regulatory embargoes in force following the 
European regionalisation and the systematic destruction of wild boars from the contaminated 
zone reduce the risk represented by swill feeding at the Belgian scale. However, fraudulent 
consignments of contaminated meat from other contaminated regions in Europe/the world or 
from the poaching of potentially infected Belgian wild boars increases the risk. 
 
Even if a ranking for the various transmission routes for ASF virus introduction into a pig holding 
from wildlife was delivered in this opinion, the risk manager should carefully consider every 
pathway in its risk mitigation plan.  
 

3.1.2. Semi-quantitative assessment of the transmission routes for African swine fever 
spread between pig holdings 

The following routes of transmission were considered for the analysis of the risk of ASF 
spreading between pig holdings:  
 

- related to an infected pig: ‘animal movements’, ‘airborne’, ‘animal by-products’ (in 
particular manure), ‘blood products’ of swine origin, ‘embryo/sperm/oocysts’; 

- human-related: ‘farmer’, practitioner (‘veterinarian’), ‘controller for authority’ (federal 
and regional agents in charge for the controls carried out in holdings for compliance 
with regulations), ‘professional from the pig sector’ who can be in close contacts with 
pigs (animal trader, butcher, slaughter employee, feed trader, holding employee, etc.), 
‘non-professional visitor’ of the holding; 
vehicle-related: ‘feed truck’, ‘animal transport truck’, ‘rendering truck’, ‘manure transport 
truck’, ‘inseminator’s vehicle’;  

- material related: ‘iatrogenic’ (syringe, needles), ‘animal care equipment’, ‘feeding 
equipment’, ‘bedding material’; 

- pest-related: ‘hematophagous arthropods’ (flies, ticks, other), ‘rodents’; 
- animal-related (other than pigs and if in contact with the ASF virus in the infected 

holding): ‘dog’, ‘cat’, ‘ruminant’, ‘bird’. 
 
Although these two transmission routes were submitted for expert assessment, ‘feeding 
equipment’ and ‘bedding material’ were subsequently excluded from the analysis of the results. 
‘Feeding equipment’ because lending of equipment is a very uncommon practice in the majority 
of commercial Belgian pig holding. ‘Bedding material’ because it is no longer available for 
another holding. The contaminated litter will then be considered instead via the 'manure 
transport' and animal by-products (manure) transmission routes. 
 
For the assessment, the experts were asked to assess the importance of all these transmission 
routes in the context that the introduction of the virus was not yet observed, i.e. before any 
mitigation measure or actions to be in force with regards to compliance with regulation. 
 
Fig. 5 presents a synthesis of the results from each expert for one of these transmission routes 
(‘veterinarian’): assessment of the likelihood of contamination (and related uncertainty), 
likelihood of transmission (and related uncertainty), frequency of contacts with pigs (and 
related uncertainty), risk assessment of introduction by multiplying medians of the former 
criteria (and related uncertainty by summing up the median values of related uncertainty). 
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Median values were used as they are less affected by extreme values than the mean 
(represented by the black line within the box in this figure). Annex 5 gives all details about 
every semi-quantitative assessment received for all transmission routes.  
 
Figure 5: Boxplot of the results of the semi-quantitative assessment of the 'veterinarian' 
transmission route for ASF spreading between pig holdings. 
 

 
 

Concerning ASF virus spread between pig holdings, three distinct groups were constituted 
with the different studied transmission routes upon statistical analysis (regression tree 
analysis, Fig. 6). From the highest to the lowest probability of occurrence: 
 

- group 1 (high probability): ‘animal movements, ‘farmer’, ‘veterinarian’, ‘iatrogenic’, 
‘animal transport truck’ and ‘animal care equipment’;  

- group 2 (moderate probability): ‘professional from the pig sector’, ‘controller for 
authority’, ‘hematophagous arthropods’, ‘animal by-products’, ‘rendering truck’, 
‘embryo/sperm/oocysts’, ‘swine blood products’ and ‘manure transport’; 

- group 3 (low probability): ‘rodents’, ‘feed truck’, ‘non-professional visitor’, ‘inseminator 
vehicle’, ‘dog’, ‘cat’, ‘bird’, ‘airborne’ and ‘ruminant’.  

 
These three groups also made it possible to identify the risk mitigation measures to be 
prioritised (see point 3.2). 
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Figure 6: Risk groupings for the ASF virus spread between pig holdings, obtained 
following regression tree analysis. The groups range from 1 to 3, from the group with 
the highest risk (1) to the lowest risk (3). The total scores were reduced to probability 
values (i.e. from 0 to 1). The median uncertainty was scaled from 1 to 3 and represented 
in the figure asterisks: low (*), medium (**), high (***). The transmission routes are 
ranked according to their median values reported to a probability of 0 to 1. 
 

 
 
Fig. 7 shows the ranking of the transmission routes considered for the risk of ASF spread virus 
between pig holdings.  
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Figure 7: Ranking, by importance order, of transmission routes for ASF virus spread 
between pig holdings. The X-axis represents the hazard score (see chapter 1.3 Methods 
for details). Transmission routes are grouped following regression tree analysis, from 
the highest to the lowest importance, based on the hazard scores (see Fig. 6 of this 
opinion).  Median values were obtained following a semi-quantitative assessment by 34 
national and international experts. A colour code represents the uncertainty expressed 
by the experts on their assessments. Groups were inferred following regression tree 
analysis. 

 
From this ranking, six transmission routes for the spread of ASF in pig farms stand out clearly 
from the others (with very low to low uncertainty): 
 

- animal movements, for which it should be reminded that the experts were clearly 
requested to assess the transmission routes before any management measures was 
in force (i.e. before any detection of an index case and putative first propagation 
events); 

- the operator himself (the farmer); 
- the practitioner (veterinarian); 
- the iatrogenic route; 
- animal transport trucks; 
- animal care equipment. 

 
It should be stressed that the farmer and the veterinarian(s) on the farm are again identified as 
very important transmission routes (mechanical vectors) for ASF. This underlines their roles 
and responsibilities in terms of biosecurity (Beltrán-Alcrudo et al., 2017; see also section 3.2).  
 
In the current context of increased vigilance as well as the legal requirements to report any 
clinical signs or abnormal mortality in pigs (with routine sampling for laboratory analysis for 
ASF), the detection of an index case should normally be prompt. Despite that infection is not 
detectable during the incubation period, clinical signs of ASF are quite pathognomonic (for 
those who are aware of). However, the experience of the previous ASF epidemic in Belgium 
should remind that late reporting can seriously jeopardise animal health and the economy of 
the country (Fontaine, 1985; Biront et al., 1987). In some cases (e.g. large holding with 
separated operating units), this risk will be associated with a relatively low apparent mortality 
rate (due to a low inter-unit spreading rate of the virus, i.e. the virus spreading fast between 
animals within a closed unit but slower between units). This scenario has been observed during 
some ASF outbreak in Eastern European domestic pig holding (Schultz et al., 2017). These 
factors could delay the detection of virus circulation in the index holding if samples are not 
early sent for analysis in case of clinical syndrome. 
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Fig. 8 shows the ranking of transmission routes for the risk of ASF spread between pig holdings 
when considered based on each of the three assessment criteria. These respective rankings 
can also help the risk managers in prioritizing risk mitigation measures based on the context 
or type of risk to be managed. 
 
Figure 8: Relative ranking of transmission routes for the risk of ASF spreading between 
pig holdings when considered on each of the three assessment criterium (probability 
of contamination, probability of transmission, frequency of contact). Based on the 
median values obtained during the semi-quantitative assessment by 34 national and 
international experts. A colour code represents the uncertainty expressed by the 
experts on their assessments. 

 
3.1.3. Effect of the nationality of the experts on the ranking of transmission routes for both 
introduction and spread 

During this survey it was also possible to compare assessments of foreign and Belgian experts.  
Interestingly, both groups ranked the same routes as important. A high degree of agreement 
between the two sets of experts was observed. This suggests that this assessment could also 
be valid for other countries than Belgium (Fig. 9). 



 
OPINION xx-2020                                                                                                                                                                                                       ASF transmission routes 

 

                                                                                                                                                          21/62 
 

Figure 9: Comparison of risk assessments of transmission routes for ASF introduction in and spread between pig holdings between 
foreign (a, introduction; c, spreading) or Belgian (b, introduction; d, spreading) experts. 
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3.2. Mitigation measures proposed to reduce the risk of ASF introduction in and spread 
between pig holdings 
Biosecurity at a pig farm includes all measures taken to minimize the risk of introduction and 
spread of pathogens and thus, includes all actions for keeping pigs and farms healthy. By 
respecting these biosecurity measures and performing efficient management, on-farm animals 
are protected against both endemic and epidemic diseases (Barceló and Marco, 1998; Amass 
and Clark, 1999). A distinction can be made between external and internal biosecurity. External 
biosecurity focuses on the contact points of the farm with the outside world and aims to prevent 
that pathogens can enter or leave the farm. This applies both to exotic diseases, which occur 
rarely in a country, as well as to endemic diseases, which are common in a country but do not 
occur at every farm (Ribbens et al., 2008). All measures taken to counteract the spread of 
pathogens within a farm are covered by internal biosecurity (Laanen et al., 2010). 
 
In order to provide risk managers with appropriate risk mitigation measures for the prevention 
of introduction in and spread of ASF between domestic pig holdings, the effectiveness of 
different biosecurity measures regarding prevention of ASF introduction and spread was 
assessed. This assessment of risk mitigation measures is the result of the cross-over between 
the aforementioned results of the semi-quantitative risk assessment and the Biocheck.ugent 
tool. Biocheck.ugent is a risk-based scoring system to evaluate the quality of (pig) farm 
biosecurity in a scientific and independent way, and can be consulted on 
https://www.biocheck.ugent.be/about.php?category=pig. Results are derived from an online 
questionnaire which can be filled in on a voluntary base by farmers or herd advisors. 
 
Since external biosecurity is the most important aspect for both the risk of introduction and risk 
of spread between pig holdings, only risk mitigation measures concerning external biosecurity 
were taken into account. Fig. 10 shows every question of the online questionnaire regarding 
external biosecurity following the Biocheck.ugent tool. Results are displayed as percentage of 
the responders given the answer corresponding with the highest degree of biosecurity. On Fig. 
11 and Fig. 12 the overall result of the answers of 197 Belgian pig farmers for the years 2018 
and 2019 is presented in the right column. Moreover, the compliance regarding the risk 
mitigation measures for every transmission route for introduction and spread of ASF can be 
easily assessed.  
 
As can be seen in Fig. 12, personal hygiene measures (e.g. washing hands, farm clothing, 
showering, pig free down time) are very important measures for the prevention of introduction 
of ASF in a pig farm as well for farmers as for visitors on the farm. Nevertheless, there is a 
relative good compliance regarding these personal hygiene measures. Points of attention are 
however a strict separation between the clean and the dirty area of the hygiene lock, the fact 
that stables can only be accessible through the hygiene lock and the obligation to wash and 
disinfect hands before entering the stables. Apparently, pig farmers are not aware of the 
possible risk of bedding material and farm equipment in terms of introduction of pathogens and 
of ASF in particular. This is indicated by the low compliance for biosecurity measures regarding 
material supply. However, 95% of the farmers indicate to never use equipment that is used on 
other farms. 
 
Fig. 13 shows that for the reduction of the risk of spread of ASF between farms biosecurity 
measures during transport of animals, semen and manure are of great importance. Personal 
hygiene measures for farmers and visitors on the farm remain also important. Biosecurity 
measures during transport of animals are fairly well implemented. Once again, biosecurity 
measures regarding material supply are often neglected by pig farmers and deserve special 
attention. Another point of attention is the relative frequent spreading of manure from other 
farms on neighboring farmlands. 
 

https://www.biocheck.ugent.be/about.php?category=pig
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However, the results of the compliance of pig farmers to mitigating biosecurity measures have 
to be interpreted with care. Firstly, the results are based on a relative limited sample size 
(n=197 on approximately 7000 pig holdings in Belgium). Furthermore, because the 
Biocheck.ugent tool is filled in on a voluntary base it is likely that farmers (or farm advisors) 
who do the effort to fill it in are more aware of biosecurity and hence show a greater compliance 
to these biosecurity measures in comparison with farmers who have not filled in the 
questionnaire.  
 
An important point of attention concerns the relevance of each question of the Biocheck.ugent 
depending on a particular disease, especially here regarding both the risk of introduction and 
spread of ASF in pig holdings. This tool is performing a general assessment of the biosecurity 
level of the pig holding. From the opinion of the Scientific Committee, beside this general 
assessment, it should be interesting to allow the user of the Biocheck.ugent tool, or of any 
other tool to assess the biosecurity of a pig holding, to give a particular weight to any question 
depending on the disease for which risk mitigation measures are needed. 
 
It should be pointed out that not every introduction or spread pathway has its corresponding 
risk mitigation measure(s) in Fig. 11 and 12: swill feeding and arthropods for introduction or 
hematophagous arthropods and animal by-products for spread. Of course, this does not mean 
that there are no mitigation measures available. As explained above swill feeding is prohibited 
in Belgium but, given the high risks concerning this pathway, raising awareness of all 
operators, especially hobbyists and petting zoos or those with less experience in the pig 
production sector, is to be recommended. The risks involved with arthropods and animal by-
products are not clearly identified. These pathways represent important data-gaps and merit 
further research in order to provide risk managers with the necessary risk mitigation measures. 
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Figure 10: Asked questions and possible answers in the online Biocheck.ugent questionnaire regarding external biosecurity for which 
the results are displayed as percentage of the responders given the answer in bold and underlined in Fig. 11 and Fig. 12. 
Questions biocheck (external biosecurity) 
Purchase of breeding pigs 
Q1 Are breeding pigs (sows/gilts/boars) being purchased? (yes/no) 
Q2 Do the breeding pigs come from the same supplier or from different suppliers? (same/different) 
Q3 Is attention paid to the health status of the farm from where the animals originate, so that the health status is equal to or higher than the own farm? (yes/no) 
Q4 Are hygienic criteria (e.g. cleaning and disinfection of the vehicle) posed on the transport vehicle that brings the animals to the farm? (yes/no) 
Q5 Number of times per year that breeding pigs are delivered? (≤2; 3-6; 6-12; ≥12/year) 
Q6 Is a separated quarantine room used when breeding pigs are delivered? (yes/no) 
Q7 Is there a strict all-in/all-out management practiced in the quarantine room? (yes/no) 
Q8 Minimal length of the quarantine period (<28 days/≥28 days) 
Q9 Is there a separated hygiene lock for the quarantine room? (yes/no) 
Purchase of piglets 
Q10 Are piglets being purchased? (yes/no) 
Q11 Are the piglets coming from the same supplier or from different suppliers? (same/different) 
Q12 Is attention paid to the health status of the farm, where the animals are originating from, to be equal or higher than the own farm? (yes/no/not known) 
Q13 Are hygienic criteria (e.g. cleaning and disinfection) posed on the transport vehicle that brings the animals to the farm? (yes/no/not known) 
Q14 Number of times per year piglets are delivered: ≤2; 3-6; 6-12; ≥12/year 
Artificial insemination 
Q15 Is semen purchased? (yes/no) 
Q16 Does the semen originate from a farm/ boar station with a known higher of equal health status than your farm? (yes/no/not known) 

Transport of animals 
Q17 Are fattening pigs transported from the farm to the slaughterhouse? (yes/no) 
Q18 Is the transport vehicle taking the fattening pigs to the slaughterhouse always empty on arrival at the farm? (yes/sometimes/unknown/no) 
Q19 Is the transport vehicle for fattening pigs always cleaned and disinfected on arrival at the farm? (yes/sometimes/unknown/no) 
Q20 Are sows transported from the farm to other farms or to the slaughterhouse? (yes/no) 
Q21 Is the transport vehicle for sows always empty on arrival at the farm? (yes/sometimes/unknown/no) 
Q22 Is the transport vehicle for sows always cleaned and disinfected on arrival at the farm? (yes/sometimes/unknown/no) 
Q23 Are piglets transported from the farm to other farms? (yes/no) 
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Q24 Is the transport vehicle for piglets always empty on arrival at the farm? (yes/sometimes/unknown/no) 
Q25 Is the transport vehicle for piglets always cleaned and disinfected on arrival at the farm? (yes/sometimes/unknown/no) 
Q26 Does the driver have entrance to the stables when loading the animals (fattening pigs, sows, and piglets)? (yes/no) 
Q27 Does the driver receive and wear farm-specific clothing and shoes? (always/sometimes/never) 
Q28 Are the animals loaded from a separate loading area or directly from the stable / central corridor? (Separate loading area/Central corridor or stable) 
Q29 Is it possible for animals to return to the stables (walking back or being placed back) after being in the transport vehicle? (yes/no) 
Feed and water supply 
Q30 Can the feeding company fill up the silos without entering the clean / herd specific road? (yes/no) 
Q31 Does the transporter of the feed have entrance to the stables? (yes/no) 
Q32 Is a feeding company used where the feed meet special hygienic requirements (i.e. salmonella free, heat treatment)? (yes/no/unknown) 
Q33 Is the quality of the drinking water checked every year at the source or at the storage tank by means of a bacteriological analysis? (yes/no) 
Q34 Is the quality of the drinking water checked every year at the main outlets (where the animals drink) by means of a bacteriological analysis? (yes/no) 
Removal of manure and dead animals 
Q35 Is manure being removed through the dirty road? (yes/no) 
Q36 Are farm-specific hoses for removal of manure from the manure pit available (hoses for the removal of manure that stay at the farm all the time)? (yes/no) 
Q37 Is there a carcass storage, physically separated from the animal facilities? (yes/no) 
Q38 Is the carcass storage located in the dirty area of the farm? (yes/no) 
Q39 Can carcasses be collected by the rendering company from the public road, without entrance to the premises? (yes/no) 
Q40 Is the carcass storage closed so vermin, dogs or cats don’t have access to the carcasses? (yes/no) 
Q41 Is the carcass storage regularly (= after every pick-up) cleaned and disinfected? (yes/no) 
Q42 Is the carcass storage cooled? (yes/no) 
Q43 Are disposable gloves being worn when manipulating carcasses or are hands being washed and disinfected after manipulating carcasses? (always/sometimes/never) 
Entrance of visitors and personnel 
Q44 Are visitors obliged to check in before having entrance to the stables? (yes/no) 
Q45 Is there a pig-contact free period of >12h expected for all visitors before they are allowed to enter the stables? (yes/no) 
Q46 Is there a hygiene lock available and is it always used when visitors have access to the stables? (yes/no) 
Q47 Are all stables only accessible for visitors from the hygiene lock? (yes/no) 
Q48 Is there a strict separation between the clean and the dirty area of the hygiene lock? (yes/no) 
Q49 Do visitors have to wear farm-specific clothing (disposable overalls/cleaned overalls)? (yes/no) 
Q50 Do visitors have to wear farm-specific shoes (boots/overshoes)? (yes/no) 
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Q51 Do hands have to be washed and disinfected before entering the stables? (yes/no) 
Q52 Do the farmer and the staff always carry out these hygienic measures themselves? (yes/no) 
Material supply 
Q53 Is there a specific pass-through for materials to enter the buildings of the farm (e.g. UV-cabinet for foreign materials)? (yes/no) 
Q54 Are specific measures taking for material supply (i.e. cleaning and disinfection, quarantine period at special location)? (yes/no) 
Rodent and bird control 
Q55 Are vermin (rats, mice, etc.) considered to be a problem at the farm? (yes/no) 
Q56 Is the outside of the farm buildings (around the walls) paved and clean (removal of weeds, waste, ...) so that vermin can’t hide? (yes/no) 
Q57 Is there a rodent control program? (yes/no) 
Q58 Do companion animals have access to the stables, including feed and bedding material storage? (yes/no) 
Q59 Can birds enter the stables? (yes/no) 
Q60 Are grids placed before the air intakes? (yes/no) 
Location of the farm 
Q61 Is the farm located in an area with a high density of pigs or a low density of pigs? (low density/high density) 
Q62 Are other pig farms located within a radius of 500 meters of your farm? (yes/no) 
Q63 Is manure from other farms spread on neighboring farmlands situated directly next to your stables (< 500 meters)? (yes/no) 

Q64 Are transport vehicles carrying animals from other farms often (minimum once a day) passing on a road less than 100 meters from your farm (e.g. due to location of a 
slaughterhouse in the neighborhood, ...)? (yes/no) 

Q65 Have wild boars been spotted in the neighborhood (within a range of 10 km) of your farm? (yes/no) 
Q66 Is the farm enclosed (using fences, wire,...)? (yes/no) 
Use of equipment 
Q99 Is equipment (that comes into direct contact with animals) present on the farm that is used on other farms? (yes/no) 
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Figure 11: Cross table indicating the biosecurity measures (based on the Biocheck.ugent tool) with particular interest for the reduction 
of the risk of introduction of ASF in domestic pig holdings for every transmission route (in decreasing order of importance according 
to the results of the questionnaire). 
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Q29 85%

Q30 35% 35% 35%
Q31 96% 96%
Q32 18% 18%
Q33 68% 68% 68%
Q34 62% 62% 62%
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Transport of animals

Feed and water supply

     

    

 

   

   

  

Questions biocheck (external biosecurity) *

Purchase of piglets

Purchase of breeding pigs
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Q35 54%
Q36 88%
Q37 99%
Q38 92%
Q39 84%
Q40 78%
Q41 30%
Q42 21%
Q43 57%

Q44 94% 94% 94% 94% 94% 94% 94% 94%
Q45 14% 14% 14% 14% 14% 14% 14% 14%
Q46 81% 81% 81% 81% 81% 81% 81% 81%
Q47 34% 34% 34% 34% 34% 34% 34% 34%
Q48 30% 30% 30% 30% 30% 30% 30% 30%
Q49 96% 96% 96% 96% 96% 96% 96% 96%
Q50 97% 97% 97% 97% 97% 97% 97% 97%
Q51 44% 44% 44% 44% 44% 44% 44% 44%
Q52 66% 66%

Q53 3% 3% 3%
Q54 13% 13% 13%

Q55 65% 65%
Q56 59% 59%
Q57 96% 96%
Q58 64% 64% 64% 64%
Q59 63% 63%
Q60 55% 55% 55%

Q61 34%
Q62 42%
Q63 38%
Q64 77%
Q65 85% 85% 85%
Q66 80% 80% 80% 80% 80% 80%

Q99 94% 94% 94%

*results are displayed as percentage of the responders given the answer in bold and underlined in Figure 10. This answer corresponds with the highest degree of biosecurity.

less then 20% Group 1 (transmission routes with the highest likelihood occurrence for ASF introduction)
between 20% and 40% Group 2 (transmission routes of high likelihood of occurrence for ASF introduction)
between 40% and 60% Group 3 (transmission routes of medium likelihood of occurrence for ASF introduction)
between 60% and 80% Group 4 (transmission routes of the lowest likelihood of occurrence for ASF introduction)
more then 80%

Removal of manure and dead animals

Entrance of visitors and personnel

Material supply

Rodent and bird control

Location of the farm

Use of equipment

Questions biocheck (external biosecurity) *
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Figure 12: Cross table indicating the biosecurity measures (based on the Biocheck.ugent tool) with particular interest for the reduction 
of the risk of spread of ASF between domestic pig holdings for every transmission route (in decreasing order of importance according 
to the results of the questionnaire). 
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Purchase of breeding pigs
Q1 57% 57%
Q2 94% 94%
Q3 67% 67%
Q4 79% 79% 79%
Q5 15% 15%
Q6 89% 89%
Q7 87% 87%
Q8 95% 95%
Q9 43% 43%

Q10 86% 86%
Q11 59% 59%
Q12 48% 48%
Q13 70% 70% 70%
Q14 4% 4%

Q15 17% 17% 17%
Q16 46% 46% 46%

Q17 17% 17%
Q18 92% 92% 92%
Q19 98% 98% 98%
Q20 15% 15%
Q21 62% 62% 62%
Q22 95% 95% 95%
Q23 38% 38%
Q24 98% 98% 98%
Q25 90% 90% 90%
Q26 89% 89% 89%
Q27 50% 50% 50%
Q28 17% 17%
Q29 85% 85%

Questions biocheck (external biosecurity)

Purchase of piglets

Transport of animals

Artificial insemination
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Q30 35% 35% 35%
Q31 96% 96% 96%
Q32 18% 18% 18%
Q33 68%
Q34 62%

Q35 54% 54%
Q36 88% 88%
Q37 99% 99%
Q38 92% 92%
Q39 84% 84% 84%
Q40 78%
Q41 30%
Q42 21%
Q43 57%

Q44 94% 94% 94% 94% 94% 94%
Q45 14% 14% 14% 14% 14% 14%
Q46 81% 81% 81% 81% 81% 81%
Q47 34% 34% 34% 34% 34% 34%
Q48 30% 30% 30% 30% 30% 30%
Q49 96% 96% 96% 96% 96% 96%
Q50 97% 97% 97% 97% 97% 97%
Q51 44% 44% 44% 44% 44% 44%
Q52 66% 66%

Q53 3% 3%
Q54 13% 13%

Material supply

Questions biocheck (external biosecurity)

Entrance of visitors and personnel

Feed and water supply

Removal of manure and dead animals
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Q55 65% 65%
Q56 59% 59% 59%
Q57 96% 96%
Q58 64% 64% 64%
Q59 63% 63%
Q60 55% 55% 55%

Q61 34% 34%
Q62 42% 42%
Q63 38% 38%
Q64 77% 77% 77%
Q65 85%
Q66 80% 80%

Q99 94% 94%

*results are displayed as percentage of the responders given the answer in bold and underlined in Figure 10. This answer corresponds with the highest degree of biosecurity.

less then 20% Group 1 (transmission routes with the highest likelihood occurrence for ASF introduction)
between 20% and 40% Group 2 (transmission routes of high likelihood of occurrence for ASF introduction)
between 40% and 60% Group 3 (transmission routes of medium likelihood of occurrence for ASF introduction)
between 60% and 80%
more then 80%

Rodent and bird control

Location of the farm

Use of equipment

Questions biocheck (external biosecurity)
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4. Uncertainties 

According to the colour code used to report the uncertainty associated by each expert to his 
assessments during this survey, the uncertainty associated with most of the transmission 
routes appears to be between the values ‘5’ and ‘9’ (which can be translated in percentages 
from about 43% to 100% of uncertainty depending on the assessed transmission route). This 
is likely a reflection of the following considerations: 
 

- the uncertainty related to the lack of experimental data from the literature to support 
some statements; 

- the uncertainty of the assessor about its individual knowledge and all steps of the 
pathway from wildlife to the domestic pig involving the considered transmission route. 

 
The ranking of the transmission routes for those whose uncertainty was the highest are the 
following: 
 

- for the transmission routes involved with ASF introduction: ‘contaminated vegetal 
products’ (feed), ‘farm dog’, ‘rodents’, ‘bird’, ‘hunting dog’, ‘well water’, ‘cat’, 
‘arthropods’, ‘river water’, ‘wild animals’ (other than wild boars), ‘hiker’, ‘fisherman’, 
‘ruminant’ and ‘horse’ (value ‘8’ of uncertainty); 

- for the transmission routes involved with ASF spread: ‘hematophagous arthropods’, 
‘manure transport’, ‘rodents’, ‘feed truck’, ‘inseminator vehicle’, ‘dog’, ‘cat’, ‘bird’ and 
‘ruminant’ (value 8 of total uncertainty). 

 
Variability in the assessor group was expected to be sufficiently high in term of fields of 
expertise (see Annexes 2 and 3). However, considering the huge variety of transmission routes 
and their particularities to be assessed in this survey, ranking could slightly change if inferred 
only from assessments from experts excelling in a particular field (i.e. virology, epidemiology, 
pig production sector, wildlife disease and management or the Belgian epidemiological context 
for ASF). This requires further analyses. 
 
Concerning analyses coming from the currently available results for the Biocheck.ugent tool, 
it should be noted that these results cannot be actually representative for all pig holdings in 
Belgium. These results will need to be reassessed when routine assessments of the 
biosecurity level of all pig holdings will be in force in Belgium (carried out by herd veterinarian 
advisors). Interestingly, those results will also need to be cross-validated by those obtained 
from the regular inspections activities carried out by the FASFC.  
 
5. Conclusions 

The reader should keep in mind that the assessment carried out in this survey only concerned 
the risks of introduction and spread of ASF to pig holdings and not the risk of ASF spread in 
wildlife (wild boars). The latter should be assessed based on previous opinions of the Scientific 
Committee and considering the modifications of the epidemiological situation (current apparent 
decrease in ASF incidence in wildlife in Belgium), the huge efforts in collecting wild boars 
cadavers from the contaminated zone, the effort in depopulating wild boars from the 
contaminated zone (traps, hunting), efforts in biosecurity compliance by professionals working 
in the contaminated area, all advertisements installed in the contaminated zone for tourists and 
hikers. 
 
In the Belgian epidemiological context, and based on national and international expert opinion, 
the semi-quantitative assessment of the transmission routes has identified some routes as the 
most important ones. Furthermore, regression tree analyses allowed the ranking of 
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transmission routes for introduction and spread according to their associated risk into 4 and 3 
distinct groups, respectively:  
 
For the risk of ASF introduction from wildlife to pig holdings the following 4 groups (by 
decreasing order of importance within each group) could be distinguished: 
 

- group 1 (very high probability): ‘farmer’, ‘bedding material’, ‘veterinarian’ and 
‘professionals from the pig sector’;  

- group 2 (high probability): ‘swill feeding’, ‘farm vehicles/feeding equipment’, 
‘contaminated vegetal products’, ‘hunter’, ‘alive wild boar’, ‘farm dog’, ‘rodents’ and 
‘bird’; 

- group 3 (moderate probability): ‘hunting dog’, ‘well water’, ‘cat’, ‘hematophagous 
arthropods’ and ‘river water’; 

- group 4 (low probability): ‘culture/forest worker’, ‘wild boar cadaver/trophies’, ‘wild 
animal other than wild boar’, ‘hiker’, ‘fisherman’, ‘non-professional visitor’, ‘ruminant’ 
and ‘horse’. 

 
For the risk of ASF spread between pig holdings, the following 3 groups (by decreasing order 
of importance within each group) could be distinguished: 
 

- group 1 (high probability): ‘animal movements’, ‘farmer’, ‘veterinarian’, ‘iatrogenic’, 
‘animal transport truck’ and ‘animal care equipment’;  

- group 2 (moderate probability): ‘professional from the pig sector’, ‘controller for 
authority’, ‘hematophagous arthropods’, ‘animal by-products’, ‘rendering truck’, 
‘embryo/sperm/oocysts’, ‘swine blood products’ and ‘manure transport’; 

- group 3 (low probability): ‘rodents’, ‘feed truck’, ‘non-professional visitor’, ‘inseminator 
vehicle’, ‘dog’, ‘cat’, ‘bird’, ‘airborne’ and ‘ruminant’.  

 
These respective rankings should allow the risk manager to prioritise risk mitigation measures. 
 
Specific external biosecurity measures were identified as the main risk mitigation measures 
based on each transmission route assessed in this study. They were selected from the 
Biocheck tool used to assess both internal and external biosecurity levels of pig holdings. 
Those allowing to reduce the risk of indirect ASF transmission are currently the most important 
regarding the risk of ASF introduction in a pig holding. According to the relative ranking of 
transmission routes, those biosecurity measures based on hygiene of staff and visitors (farm 
clothing, hygiene lock, hand hygiene, pig free downtime, shower, individual equipment and 
clothing for care of other animal species in the farm) are particularly important. Considering 
bedding material, its origin must be checked by the farmer. In the case of a holding allowing 
temporary or permanent outdoor access, these measures must be completed with all allowing 
to avoid direct or indirect contacts with wild boars, including approved fences against these 
animals. These fences should be also considered for closed holdings for general biosecurity 
and to help to avoid any pests entrance or access to feed supply material. Awareness about 
ASF must be maintained in each pig holding, whatever its distance from the currently 
contaminated zone. 
 

6. Recommendations 

The Scientific Committee recommends maintaining awareness and communication about the 
importance of biosecurity measures in every pig holding. 
 
In order to maintain the ASF-free status of the Belgian domestic pig population (thus minimising 
as much as possible the risk of virus introduction), the Scientific Committee recommends the 
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risk managers to pay specific attention to those biosecurity measures for pig holdings that 
prevent introduction via the transmission routes that were ranked as the most important during 
this study (see also rapid opinion 07-2019 of the Scientific Committee).  
 
To the opinion of the Scientific Committee, the use of a generic tool to assess the biosecurity 
level of pig holdings is highly relevant and sustainable (i.e. by its capability to induce motivation 
to comply to the biosecurity rules) in the context of a ‘prevention is better than cure’ strategy 
against animal diseases. As in its opinion 07-2019, the Scientific Committee recommends to 
quickly organize a regular monitoring of the biosecurity level of each Belgian pig holding. 
Complementary, the Scientific Committee recommends that any tool used to assess the 
biosecurity level of a pig holding also allow to convert the main result for particular disease 
(e.g. considering this opinion regarding the risk of both introduction and spread of ASF). This 
will allow scientifically based weights to particular questions or criteria in the assessment. 
 
For these future assessments, the Scientific Committee recommends to the risk managers to 
be particularly aware of and give priority to external biosecurity measures allowing risk 
mitigation of indirect virus transmission. These measures must be accompanied by specific 
additional measures to reduce direct contacts in the case of holdings allowing temporary or 
permanent outdoor access and located close to areas defined by the EU regionalisation 
regarding ASF (zones I and II). 
 
In case of an introduction, the Scientific Committee recommends risk managers to be 
particularly vigilant to the most important transmission routes identified for ASF virus spread in 
this study. 
 
As illustrated by the uncertainties associated with some of the transmission routes, the 
Scientific Committee recommends performing more research on ASF, especially in those fields 
for which little experimental data are currently available in the literature (e.g. the persistence 
of the virus in vegetal matrices or the role of vectors).  
 
Even qualitative/semi-quantitative, the assessment of transmission routes associated to 
wildlife needs to collect reliable data. This important sector of animal health should deserve 
more attention by the institutions financing animal health research. 
 
The Scientific Committee recommends to the different risk managers, currently collaborating 
for the management of the ASF outbreak in Belgian wildlife and according to their respective 
competencies, to take into account the classification of the transmission routes identified in 
this study for the introduction of ASF into pig holdings with special attention to the risk 
mitigation measures related to wildlife as well as to management of the contaminated area. 
Any assessment specifically related to the risk of spread of ASF virus from infected wildlife to 
wildlife was not treated in this opinion and must be the object of specific risk assessment. 
 

In the name of the Scientific Committee, 
Chairman, 

 
 
 
 

 
 
 

Prof. Dr. E. Thiry (Sgd)   
 

Brussels, the 24/03/2020. 
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http://www.afsca.be/comitescientifique/avis/2019/_documents/Avisrapide09-2019_SciCom2019-10_PPAtravauxforestiers.pdf
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Presentation of the Scientific Committee established at the FASFC  
 
The Scientific Committee is an advisory body established at the Belgian Federal Agency for 
the Safety of the Food Chain (FASFC) that provides independent scientific opinions on risk 
assessment and risk management in the food chain, and this at the request of the Chief 
Executive Officer of the FASFC, the Minister competent for food safety or at its own initiative. 
The Scientific Committee is administratively and scientifically supported by the Staff direction 
for Risk Assessment of the Agency. 
 
The Scientific Committee consists of 22 members who are appointed by royal decree on the 
basis of their scientific expertise in areas related to the safety of the food chain. When 
preparing an opinion, the Scientific Committee can call on external experts who are not a 
member of the Scientific Committee. Similar to the members of the Scientific Committee, they 
must be able to work independently and impartially. To ensure the independence of the 
opinions, potential conflicts of interest are managed transparently. 
 
The opinions are based on a scientific assessment of the question. They express the view of 
the Scientific Committee, which is taken in consensus on the basis of a risk assessment and 
the existing knowledge on the subject.  
 
The opinions of the Scientific Committee may contain recommendations for food chain control 
policy or for the stakeholders. The follow-up of these recommendations for control policy is the 
responsibility of the risk managers. 
 
Questions on an opinion can be directed to the secretariat of the Scientific Committee: 
Secretariat.SciCom@afsca.be 
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Composition of the workgroup 
The workgroup was composed of: 
 
Members of the Scientific Committee: J. Dewulf (reporter), N. De Regge, C. 

Saegerman, E. Thiry, T. van den Berg 
 

External experts: 
  

B. Cay (Sciensano), M.-E. Filippitzi 
(Sciensano), C. Fischer (HEPIA, Suisse), D. 
Maes (UGent), K. Morelle (Mammal Research 
Institute, Pologne), H. Nauwynck (UGent), X. 
Simons (Sciensano) 
  

Auditioned expert: 
 
File managers: 

M. Laitat (ULiège) 
 
P. Depoorter, A. Mauroy  

 
The activities of the workgroup were attended by the following members of the administration 
(as observers): V. Clavier (FASFC), X. Patigny (FASFC), A. E. Popa (FASFC).  
F. De Meersman (Confederation for hood), Y. Dejaegher (BFA), G. Fichefet (FEGRA), E. 
Goosens (Boerenbond), V. Mohy (Tourisme Gaume), A. Noiret (FWA), G. Schmitz (operator 
in the regulated zone), L. Pluym (VLAM), R. Reyntiens (forest owners) were auditioned as 
stakeholders during the activities of the working group. 
M.-J. Goffaux (Région wallonne), A. Licoppe (DEMNA) and D. Arnould (DNF) were auditioned 
as experts and risk managers for the ASF outbreak in Belgian wildlife. 
 
Legal framework  
Law of 4 February 2000 on the creation of the Federal Agency for the Safety of the Food Chain, 
in particular article 8;  
The Royal Decree of 19 May 2000, on the composition and operating procedures of the 
Scientific Committee, as established at the Federal Agency for the Safety of the Food Chain;  
The Internal Rules as mentioned in Article 3 of the Royal Decree of 19 May 2000, on the 
composition and operating procedures of the Scientific Committee, as established at the 
Federal Agency for the Safety of the Food Chain, approved by the Minister on 8 June 2017. 
 
Disclaimer 
The Scientific Committee at all times reserves the right to modify the opinion by mutual 
consent, should new information and data become available after the publication of this 
version.



 OPINION 06-2020                                                                                                                ASF transmission routes 

 

                                                                                                                                                          39/62 
 

Annex 

Annex 1: Form used among national and international experts for the semi-quantitative 
assessment survey on transmission routes for the risk of introduction and spreading 
of African swine fever in Belgian pig holdings. 
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Annex 2: Combined expertise of the different national and international evaluators for 5 
sectors of expertise: veterinary virology, veterinary epidemiology, pig production, 
wildlife and knowledge of the Belgian epidemiological context with regard to African 
swine fever.  
This expertise was self-evaluated by each of the experts on a qualitative scale whose factors 
(‘very high’, ‘high’, ‘moderate’, ‘low’, ‘very low’) were then transformed numerically (1 to 5) for 
statistical analysis. This self-assessment is reported as a boxplot for all the experts.  



 OPINION 06-2020                                                                                                                                                                                                                  ASF transmission routes 

 

                                                                                                                                                          45/62 
 

Annex 3: Experts (names, institutions, origin, expertise) solicitated for the survey.  
 

Expert Institution Country Field of expertise 

Belloc Catherine Oniris France pig sector 

Cardoso de Carvalho Ferreira Helena UGent Portugal-Belgium veterinary virology, veterinary epidemiology 

Cay Brigitte Sciensano Belgium veterinary virology, NRL Belgium 

Clavier Valentine FASFC Belgium risk management, control policy, animal health 

De Regge Nick Sciensano Belgium veterinary virology, veterinary epidemiology, NRL Belgium 

Depoorter Pieter FASFC Belgium risk assessment, animal health 

Dewulf Jeroen UGent Belgium veterinary virology, veterinary epidemiology, pig sector 

Filippitzi Maria Eleni Sciensano Belgium veterinary epidemiology, pig sector, NRL Belgium 

Fischer Claude HEPIA Switzerland wildlife diseases and management 

Guberti Vittorio ISPRA Italy veterinary epidemiology, wildlife diseases and management 

Hooyberghs Jozef FASFC Belgium risk management, control policy, animal health 

Jori Ferran CIRAD France veterinary virology, veterinary epidemiology, pig sector, wildlife diseases and management 

Ladinig Andrea VETMEDUNI Vienna Austria veterinary virology, pig sector 

Lepotier Marie-Frédérique ANSES France veterinary virology, veterinary epidemiology, pig sector, wildlife diseases and management 

Loeffen Willie WUR The Netherlands veterinary virology, veterinary epidemiology 

Logeot Myriam FASFC Belgium risk management, control policy, animal health 

Maes Dominiek UGent Belgium veterinary epidemiology, pig sector 

Manzanilla Edgar Teagasc Ireland veterinary epidemiology, pig sector 

Morelle Kévin CULS Belgium-Czech Republic wildlife diseases and management 

Nathues Heiko Vetsuisse-UNIBE Switzerland veterinary virology, veterinary epidemiology, pig sector 

Nauwynck Hans UGent Belgium veterinary virology, veterinary epidemiology, pig sector 

Patigny Xavier FASFC Belgium risk management, control policy, animal health 

Popa Anca Elena FASFC Belgium risk management, control policy, animal health 

Postma Merel Ugent The Netherlands-Belgium pig sector 

Ribbens Stefaan DGZ Belgium veterinary epidemiology 

Segalés Coma Joaquim UAB Spain veterinary virology, veterinary epidemiology, pig sector 

Simons Xavier Sciensano Belgium veterinary epidemiology, pig sector, wildlife diseases and management, NRL Belgium 
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Smeets Frédéric ARSIA Belgium veterinary epidemiology, pig sector 

Thiry Etienne Uliège Belgium veterinary virology, veterinary epidemiology 

Tijs Tobias Utrecht U The Netherlands veterinary virology, veterinary epidemiology, pig sector 

van den Berg Thierry Sciensano Belgium veterinary virology, NRL Belgium 

Van Huffel Xavier FASFC Belgium risk assessment, animal health 

Vandersmissen Tamara DGZ Belgium pig sector 

Ziantara Stéphan ANSES France veterinary virology, veterinary epidemiology 
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Annex 4: Methods (survey and statistics) for the semi-quantitative assessment of the 
transmission routes for the introduction and the spreading of African swine fever to 
Belgian pig holdings.  
Twenty-five transmission routes that could facilitate introduction of African Swine Fever (ASF) 
from wild life into a pig holding were selected upon expert opinion (n = 15 experts). The 
following transmission routes were selected for the risk of ASF introduction into a pig holding:  
 

- those related to infected wild boars: alive infected wild boar (‘alive wild boar’), 
infected wild boar cadaver/trophies from an infected wild boar (‘wild boar 
cadaver/trophies’); 

- those human-related: ‘farmer’ (the operator in a pig holding), practitioner 
(‘veterinarian’), ‘hunter’, ‘fisherman’, people circulating by walk through the 
contaminated zone (‘hiker’), ‘crop/forest worker’, ‘professional from the pig sector’, 
‘non-professional visitor’ from a pig farm who has been in a contaminated area; 

- those related to material for animal care: ‘farm vehicle/feeding equipment’, ‘bedding 
material’; 

- those related to ‘arthropods’ i.e. ticks, hematophagous insects and flies and other, 
maggots; 

- those related to animals (other than wild boar, that have been in contact with the 
ASF virus in regulated zone, and if in contact with domestic pigs): ‘rodents’, ‘hunting 
dog’, ‘farm dog’, ‘ruminant’, ‘horse’, ‘bird’, ‘cat’, ‘wild animals’ other than wild boar; 

- those related to feed: ‘swill feeding’, ‘contaminated vegetal products’ (feed); 
- those related to water: ‘well water’, ‘river water’.  

 
Twenty-five transmission routes that could then facilitate the spreading of ASF between pig 
holdings were selected by the same expert group. The following routes of transmission were 
considered for the risk of ASF spreading between pig holdings:  
 

- those related to an infected pig: ‘animal movements’, ‘airborne’, ‘animal by-products’ 
(in particular manure), ‘blood products’ of swine origin, ‘embryo/sperm/oocysts’; 

- those human-related: ‘farmer’, practitioner (‘veterinarian’), ‘controller for authority’ 
(federal and regional agents in charge for the controls carried out in holdings for 
compliance with regulations), ‘professional from the pig sector’ who can be in close 
contacts with pigs (animal trader, butcher, slaughter employee, feed trader, holding 
employee, etc.), ‘non-professional visitor’ of the holding; 
vehicle-related: ‘feed truck’, ‘animal transport truck’, ‘rendering truck’, ‘manure transport 
truck’, ‘inseminator’s vehicle’;  

- those material related: ‘iatrogenic’ (syringe, needles), ‘animal care equipment’, ‘feeding 
equipment’4, ‘bedding material’5; 

- those pest-related: ‘hematophagous arthropods’ (flies, ticks, other), ‘rodents’; 
- those animal-related (other than pigs and if in contact with the ASF virus in the infected 

holding): ‘dog’, ‘cat’, ‘ruminant’, ‘bird’. 
 

A survey listing all these transmission routes was sent to national and international experts. In 
this survey, it was first asked to the experts to qualitatively assess (range: very low, low, 
medium, high, very high) their expertise in the fields of veterinary virology, veterinary 
epidemiology, knowledge of the pig sector, knowledge of wild life disease and management 
thereof, and knowledge of the Belgian epidemiological context regarding African Swine Fever. 
Then, it was requested from each expert to qualitatively assess (range: negligible, very low, 
low, medium, high, very high) each transmission routes on three criteria: the likelihood of 
contamination of domestic pigs by it, the likelihood of transmission to them from it and the 
                                                           
4 See below further comment it 
5 See below further comment it 
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frequency of contact for them with it. Finally, it was asked to the experts to also assess the 
level of uncertainty on each response (range: low, medium, high). It was specified to the 
experts that all the vectors acting as transmission routes for the virus must be considered as 
infected/contaminated and/or originating or having circulated in the contaminated zone 
delimitated in Belgium in compliance with the European regionalisation (‘zones I and II’). 
Regarding all the vectors acting as transmission routes for ASF spreading, it was specified that 
they must be assessed before any primarily detection of virus circulation, i.e. before any 
mitigation measure or actions to be in force with regards to compliance with regulation. Thirty-
four responses were received (national expert, n = 20; international experts, n = 14). 
 
For statistical analysis of the results, qualitative responses were transformed in numerical 
values: 0, 1, 2, 3, 4, 5 for ‘negligible’, ‘very low’, ‘low’, ‘medium’, high’ and ‘very high’, 
respectively for assessments of each transmission route, and 1,2, 3 for ‘low’, ‘medium’, ‘high’, 
respectively for the uncertainty on. A score of hazard occurrence for each of the transmission 
routes was calculated by multiplying the median individual scores for each of the three criteria. 
The total uncertainty associated with the assessment of each transmission routes was 
calculated by adding the median individual scores of uncertainty on each criterion. The different 
transmission routes for both ASF introduction and ASF spreading were ranked on their total 
scores. 
 
All statistical analyses were carried out in R and Statistica. 
 
The study of risk mitigation measures was carried out by crossing the ranking of the different 
transmission routes with the Biocheck tool. The Biocheck tool was developed by the University 
of Ghent for the assessment of the internal and external biosecurity levels of pig holdings. 
Since external biosecurity is the most important aspect for both risk of introduction and risk of 
spread between pig holdings, risk mitigation measures were mostly considered at this level.  
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Annex 5: Representation in boxplot form of the results of the semi-quantitative 
evaluations of the different transmission routes identified for the risk of introduction of 
African swine fever to Belgian pig farms.  
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Annex 6: Representation in boxplot form of the results of the semi-quantitative 
assessments of the different transmission routes identified for the risk of spreading of 
African swine fever between Belgian pig holdings.
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