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Abstract

An update on the African swine fever (ASF) situation in the 10 affected Member States (MS) in the EU
and in two neighbouring countries from the 1 September 2019 until the 31 August 2020 is provided.
The dynamics of the proportions of PCR- and ELISA-positive samples since the first ASF detection in
the country were provided and seasonal patterns were investigated. The impact of the ASF epidemic
on the annual numbers of hunted wild boar in each affected MS was investigated. To evaluate
differences in the extent of spread of ASF in the wild boar populations, the number of notifications
that could be classified as secondary cases to a single source was calculated for each affected MS and
compared for the earliest and latest year of the epidemic in the country. To evaluate possible risk
factors for the occurrence of ASFV in wild boar or domestic pigs, a literature review was performed.
Risk factors for the occurrence of ASF in wild boar in Romanian hunting grounds in 2019 were
identified with a generalised linear model. The probability to find at least one PCR-confirmed ASF case
in wild boar in a hunting ground in Romania was driven by environmental factors, wild boar abundance
and the density of backyard pigs in the hunting ground area, while hunting-related variables were not
retained in the final model. Finally, measures implemented in white zones (ASF-free zones that are
geographically adjacent to an area where ASF is present in wild boar) to prevent further spread of ASF
were analysed with a spatially, explicit stochastic individual-based model. To be effective, the wild boar
population in the white zone would need to be drastically reduced before ASF arrives at the zone and
it must be wide enough. To achieve the necessary pre-emptive culling targets of wild boar in the white
zone, at the start of the establishment, the white zone should be placed sufficiently far from the
affected area, considering the speed of the natural spread of the disease. This spread is faster in
denser wild boar populations. After a focal ASF introduction, the white zone is always close to the
infection hence pre-emptive culling measures in the white zone must be completed in short term, i.e.
in a few months.
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Summary

The European Commission requested EFSA to provide an updated analysis of the epidemiological
situation of ASF in the Member States (MS) of the European Union (EU) affected by African swine
fever virus (ASFV) Genotype II.

Term of reference 1 (TOR 1) of the mandate requested to analyse the epidemiological data on
ASF from MS and non-EU countries affected by ASFV Genotype II, including an analysis of the
temporal and spatial distribution of ASF in wild boar to identify patterns (ranges and speed) of
transmission and introduction of the virus in different types of domestic pig holdings. Special attention
had to be paid to the temporal and spatial patterns observed in domestic pig farms of different sizes in
Romania.

A narrative update was provided on the ASF situation in each of the 10 affected
MS (Belgium, Bulgaria, Estonia, Greece, Hungary, Latvia, Lithuania, Poland, Romania and Slovakia)
during the reporting period (from 1 September 2019 until 31 August 2020) and in two neighbouring
countries (Serbia and Russia). As the incursion of ASF in Germany occurred in September 2020, the
update on the ASF epidemic in Germany will be provided in the next epidemiological report (from 1
September 2020 until 31 August 2021).

All phases of the ASF epidemic were represented in the affected MS during the reporting period. In
Bulgaria, Hungary, Poland, Romania and Slovakia, the epidemic has expanded further. In Latvia and
Lithuania, the epidemic seems to be stagnating. In Estonia, the epidemic is fading out, and in Belgium
and Greece, the infection has been successfully controlled. The combination of control measures
implemented in Belgium, including tools such as fencing, night shooting, trapping and carcass removal
of wild boar, with intensities adapted to the epidemiological situation in the specific wild boar
management areas, was shown to be effective to eradicate ASF after a focal introduction in the
country.

Greece is the only MS, where only the domestic pig sector has been involved in the epidemic during
this reporting period, whereas Belgium, Estonia and Hungary had only wild boar populations affected.
All other MS affected during this reporting period had outbreaks and cases in domestic pigs and wild
boar, respectively.

In Serbia, the ASF outbreaks in domestic pigs have been contained successfully. In wild boar, the
infection has expanded slowly in the south-eastern region of the country. In Russia, ASF was present
in wild boar and domestic pigs from the outmost western to eastern part of the country. Control
measures in Russia focused mainly on attempts to reduce wild boar population and to eliminate
backyard farms.

The poor level of biosecurity in backyard farms has been identified as the predominant reason for
introduction of ASFV in most of the affected pig holdings also during this reporting period, as reported
by Bulgaria, Lithuania, Poland, Romania and Slovakia, based on their epidemiological investigations
during the outbreaks. However, quantitative evidence is not available.

During this reporting period, human-mediated spread, demonstrated by the sudden detection of
distant cases of ASF in wild boar populations, which cannot be explained by natural spread, was
suspected in Estonia after detecting a positive case in the north-western part of the country after 18
months without any PCR-positive case. The spread of ASF into the wild boar populations at the
Western side of the Danube in Hungary and Serbia was also assumed to be human-mediated.

To provide an insight into temporal trends, time profiles were provided, showing the evolution of
the proportions of positive samples since the first detection. Based on data submitted to EFSA’s data
collection framework from the beginning of 2016 up to the end of this reporting period, a persisting
decreasing trend in proportions of PCR-positive carcasses was observed indicating fade out of the virus
in some MS, whereas in other MS, it remained high, indicating continuing spread. In addition, there
has been no general increase in the proportion of seropositive samples in wild boar.

Possible patterns of seasonality were investigated. There is a clear seasonality in the proportions of
PCR-positive samples from wild boar found dead, although the patterns are slightly different in the
different MS. Overall, there is a decline in summer and an increase in winter in the proportion of PCR-
positive samples from wild boar found dead. There is a clear peak observed in the proportions of PCR-
positive samples from domestic pigs between May and September in Lithuania, Poland and Romania.
The reason for the ASF seasonality and the different patterns observed in domestic pigs and wild boar
require further investigation.

The possible impact of the ASF epidemic on the wild boar population in each affected MS was
investigated by looking at the evolution of the annual number of wild boar hunted in the last two
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decades. The annual number of wild boar, that were hunted in the Baltic States has declined rapidly
since the introduction of ASF, ranging from 30,000 to 50,000 wild boar in 2014 to between 5,000 and
15,000 wild boar in 2019. In the other affected MS, an increasing trend of the number of hunted wild
boar was observed in the last two decades, up to 2019. An obvious decline after the ASF introduction
was not observed in these countries, either because the epidemic lasted only a relatively short time, or
it affected only a limited part of the country’s wild boar population and data were aggregated on a
country level. The hunting was perhaps also intensified in the ASF-free areas of the affected MS, and
this increases temporarily the hunting bag of the affected country.

In addition, to evaluate the extent of spread of ASF in the wild boar populations in each affected
MS, the number of notifications that could be classified as secondary to a single source was calculated.
Furthermore, to understand the evolution of the epidemic, i.e. whether it was in an expanding phase
or in decline, the average number of notifications classified as secondary to a single source during the
beginning of the epidemic was compared with that of the reporting period in each country. In most
MS, this was lower than in the first year after introduction, indicating a reduced extent of spread. In
Bulgaria, Poland and Slovakia, however, the average number of notifications that could be classified as
secondary to a single source case clearly increased in the year before the last notification, indicating
an increased extent of spread.

Term of reference 2 (TOR 2) requested a review of the previously identified risk factors involved
in the occurrence, spread and persistence of the ASF virus in the wild boar population and in the
domestic/wildlife interface with a view to strengthen biosecurity and other risk mitigation measures.
This assessment should aim to identify risk factors involved in the occurrence of ASF in domestic pig
farms in Romania.

First, a narrative literature review identified field studies and studies based on modelling
surveillance data that quantitatively evaluated possible risk factors for the occurrence of ASFV in wild
boar or domestic pigs in Europe.

Field evidence found in literature regarding the exact introduction routes of ASF in domestic pig
holdings is still scarce. Four studies identified wild boar observed in the vicinity of the domestic pig
farms as a risk factor, but the definitive route of ASFV introduction into the farms was not identified in
any of them. Wild boar density has been identified to be a risk factor for the occurrence of ASF in
backyard farms in a study carried out in Romania. The proximity of growing crops near the backyard
farms attractive to wild boar or the provision of fresh forage to pigs has been also identified to be a
significant risk factor for the occurrence of ASF in backyard farms in Romania. The vicinity of domestic
pig outbreaks in less than 2 km has proven to be a significant risk factor for the occurrence of ASF in
backyard farms and commercial farms in Romania. Several risk factors have been identified for the
occurrence of ASF in domestic pigs in Sardinia, such as a higher density of backyard farms and pigs, a
higher road density and density of outdoor farms per administrative level. Increased wild boar density
has been identified to be a risk factor for ASF case detection in wild boar in Estonia. Several
environmental parameters have shown to have an impact on the probability of detecting positive wild
boar cases in Poland, such as the percentage of young forest cover or meadows.

Then, possible risk factors for the occurrence of ASF in domestic pig farms and wild boar in
Romania were assessed, using two different methodologies depending on the data availability. On the
hunting ground level, a generalised linear model (GLM) was used to evaluate potential risk factors for
the occurrence of ASF in the wild boar populations in 2019. The probability to find at least one PCR-
confirmed ASF case in wild boar in a hunting ground in Romania was mainly driven by environmental
factors, wild boar abundance and the density of backyard pigs in the hunting ground area. The
number of hunting days and the use of dogs during hunting were not identified as risk factors for
occurrence of ASF in wild boar. We observed that wild boar abundance is correlated with the number
of feeders per hunting ground, suggesting that reducing wild boar feeding could be helpful in wild
boar population control, although causality cannot be inferred from the results. This field deserves
more research once sufficiently detailed data on the possible covariates (environmental data, hunting
modalities and related to pig production) of several years become available.

Term of reference 3 (TOR 3) requested to analyse the data and information on the
geographical areas called ‘white zones’ (zones blanches) applied by free MS (France and Luxembourg
at the border with Belgium) for preventing the spread of the disease in wild boar; the objective was to
assess the effectiveness of the measures and to review scientific literature addressing these measures
and assess the robustness and effectiveness of the boundaries used for the determination/demarcation
of these areas. In this report, white zones were defined as ASF-free (negative) management areas
that are geographically adjacent to an area, where ASF is circulating in wild boar (ASF positive area),
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where measures are implemented to prevent further spread of ASF, in case it would be introduced.
Whether these zones were adjacent to administrative borders was not of importance to evaluate the
effectiveness of the measures.

To evaluate the historical effectiveness of measures applied in four different white zones scenes in
Estonia, Latvia, Czechia and France, data were collected on the size, the time of establishment and the
implementation of the measures applied in the selected white zones, including information about the
fences used as demarcation and the numbers of shot animals and carcasses found. The empiric
outcome of the measures in the four scenarios, i.e. whether the measures implemented in the
particular white zones were successful to stop the spread of ASF, were analysed with a spatially explicit
stochastic individual-based model.

The failure rate of white zones that solely used standard (e.g. in Estonia in 2014) or intensified
hunting (e.g. in Latvia in 2016) as a measure to stop the spread of ASF was very high (94% in Latvia
a 100% in Estonia).

The failure rate of white zones that implemented fencing AND drastic, concentrated depopulation
measures as measures to stop the spread of ASF (e.g. in France in 2018) was low (from 20% to
30%).

The greater the initial wild boar density in a region without ASF was the faster ASF spread forward
in the wild boar population and, hence, the shorter was the time the infection needed to enter the
white zone.

The success of the control measures in Czechia was most likely due to the silent culling (efforts to
cull the maximum of a defined (or fenced) wild boar population with minimal disturbance, for instance,
by trapping, sharp shooting or using silencers) of wild boar in an early stage of the epidemic (i.e. 2.5
months after initial detection) and not due to the measures applied in the low-risk + intensive hunting
area. In the model runs with ‘induced’ ASF infection spreading beyond the fenced part (‘highest-risk’)
into Czech white zone, a failure rate of the measures to stop the spread of ASF between 80% and
90% was observed.

Silent culling of wild boar can be initiated a soon as the risk area, established by intensive carcass
searching, is reliably fenced.

To be effective, fast and intensive culling measures would need to be readily implemented in the
white zone before ASF arrives, and the white zone should be wide enough. The trade-off is that the
implementation of culling measures requires time and wider white zones increased resources to be
achievable.

To allow sufficient time to achieve the necessary pre-emptive culling targets of wild boar in the
white zone, it should be sufficiently far from the outermost ASF case in wild boar, taking into account
the natural speed of the spread of the disease, which increases with wild boar density.

As carcass removal is a measure to eliminate ASFV sources from an infected area, this is not a pre-
emptive measure. Nonetheless, carcass detection and testing in the white zone will add to early
detection and control of ASF after possible incursion in the white zone.

Several recommendations were provided, based on these model outputs. Tangible, absolute
population reduction targets, in terms of numbers wild boar per km2 in the white zone after a certain
management period, should be specified for the white zone implementation. The distance of the
border of the white zone to non-free area needs to consider the speed of the natural spread of the
disease in wild boar. This average speed could range from 2.9 to 11.7 km per year depending on the
wild boar density (EFSA, 2020). The white zone should have a minimum width to prevent ASF passing
through by short infection chains as wild boar-free white zones are unlikely to be achieved. The white
zone in a focal ASF introduction context needs a reliable fence protection towards the white zone or
very intensive measures that allow fast and drastic depopulation of the white zone.
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1. Introduction

1.1. Background

African swine fever (ASF) is an infectious lethal disease affecting domestic pigs and wild boar. It
can be transmitted via direct animal contact or via dissemination of contaminated food or equipment.
This disease has serious economic implications for the pig meat and related sectors, including indirect
costs related to trade restrictions. There is no vaccine or cure despite active ongoing research. The
persistence of the disease in wild boar and the limited number of control measures available represent
a challenge for the whole EU agricultural sector, in particular the pig farming industry.

From the beginning of 2014 up to now, Genotype II of ASFV has been notified in Belgium, Bulgaria,
the Czech Republic, Estonia, Germany,1 Greece, Hungary, Latvia, Lithuania, Poland, Romania and
Slovakia, causing very serious concerns. The disease has also been reported in Belarus, Moldova,
Serbia, Russia and Ukraine, what creates a constant risk for all the Member States that share a border
with these third countries. Czechia was recognised as officially ASF-free in March 2019.

There is knowledge, legislation, technical and financial tools in the EU to properly face ASF. EU
legislation primarily targets domestic pig and, when needed, lays down specific aspects related to wild
boar. The main pieces of the EU legislation relevant for ASF are:

1) Council Directive 2002/60/EC2 of 27 June 2002 laying down specific provisions for the control
of ASF and amending Directive 92/119/EEC as regards Teschen disease and ASF: it mainly
covers prevention and control measures to be applied where ASF is suspected or confirmed
either in holdings or in wild boar to control and eradicate the disease.

2) Commission Implementing Decision 2014/709/EU3 of 9 October 2014 concerning animal
health control measures relating to ASF in certain Member States and repealing Implementing
Decision 2014/178/EU: it provides the animal health control measures relating to ASF in
certain Member States by setting up a regionalisation mechanism in the EU. These measures
involve mainly pigs, pig products and wild boar products. A map summarising the current
regionalisation applied is available online.4

3) Council Directive No 82/894/EEC5 of 21 December 1982 on the notification of animal diseases
within the Community which has the obligation for Member States to notify the Commission of
the confirmation of any outbreak or infection of ASF in pigs or wild boar.

In addition, a strategic approach to the management of ASF for the EU has been developed based
on earlier scientific recommendations by EFSA. This strategy is constantly evolving based on new
science available and on new experiences gained. The ASF Strategic approach is aimed to the EU
countries affected by the disease and to EU countries free from the disease with a risk of introduction.

Some EU free countries, neighbouring infected or restricted areas, are at higher risk of getting ASF
infection via natural spread of the disease through wild boar. On the basis of previous EFSA reports
and on the basis of expert’s recommendations geographical areas called white zones (zones blanches),
were put in place to enable early detection (through active search of carcasses) and effectively reduce
the wild boar population.

The Commission is in need of an updated epidemiological analysis based on the data collected from
the Member States affected by ASFV Genotype II. This analysis should take into account the previous
EFSA opinions and technical reports on ASF.

The use of the EFSA Data Collection Framework is encouraged given it promotes the harmonisation of
data collection. Any data that is available from neighbouring non-EU countries should be used as well.

1.2. Terms of Reference as provided by the requestor

TOR 1: Analyse the epidemiological data on ASF from Member States and non-EU countries
affected by ASFV Genotype II. Include an analysis of the temporal and spatial patterns of ASF in wild
boar to identify patterns (ranges and speed) of transmission and introduction of the virus in different

1 ASFV entered Germany on 10 September 2020, and was added in the above text after reception of this mandate.
2 http://eur-lex.europa.eu/legal-content/EN/ALL/;ELX_SESSIONID=cYgZJK7B4SNcQyMnVLgT3h8tjP1S2gyQ4ZLbGZD4dtV4Lyc
Yy1cr!-1552189148?uri=CELEX:02002L0060-20080903

3 http://eur-lex.europa.eu/legal-content/EN/TXT/;ELX_SESSIONID=2Rj9J8mWmydm5yCx5zLSq7J7YTSzw8BLLznxb
xjvLs27QrB3SLr9!1404494154?uri=uriserv:OJ.L_.2014.295.01.0063.01.ENG

4 https://ec.europa.eu/food/sites/food/files/animals/docs/ad_control-measures_asf_pl-lt-regionalisation.pdf
5 http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1454430116453&uri=CELEX:31982L0894
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types of domestic pig holdings. Special attention should be paid to the temporal and spatial patterns
observed in domestic pig farms of different sizes in Romania.

TOR 2: Review the previously identified risk factors involved in the occurrence, spread and
persistence of the ASF virus in the wild boar population and in the domestic/wildlife interface with a
view to strengthen biosecurity and other risk mitigation measures. Risk factors involved in the
occurrence of ASF in domestic pig farms in Romania should be identified.

TOR 3: Analyse the data and information on the geographical areas called white zones (zones
blanches) applied by free Member States (in particular France and Luxembourg at the border with
Belgium) for preventing the spread of the disease in wild boar. Assess the effectiveness of the
measures and review scientific literature addressing these measures. Review and assess the
robustness and effectiveness of the boundaries used for the determination/demarcation of these areas.

1.3. Interpretation of the Terms of Reference

TOR 1: Analyse the epidemiological data on ASF from Member States and non-EU countries
affected by ASFV Genotype II. Include an analysis of the temporal and spatial patterns of ASF in wild
boar to identify patterns (ranges and speed) of transmission and introduction of the virus in different
types of domestic pig holdings. Special attention should be paid to the temporal and spatial patterns
observed in domestic pig farms of different sizes in Romania.

A narrative update is provided on the ASF situation in each of the 10 affected
MS (Belgium, Bulgaria, Estonia, Greece, Hungary, Latvia, Lithuania, Poland, Romania and Slovakia)
during the reporting period (from 1 September 2019 until 31 August 2020) and in two neighbouring
countries (Serbia and Russia). As the incursion of ASF in Germany occurred in September 2020, the
update on the ASF epidemic in Germany will be provided in the next epidemiological report (from
1 September 2020 until 31 August 2021).

To provide an insight into temporal trends, time-profiles were provided showing the evolution of the
proportions of positive samples since the first detection, and possible patterns of seasonality were
investigated. The possible impact of the ASF epidemic on the wild boar population in each affected MS was
investigated by looking at the evolution of the annual number of wild boar hunted in the last 2 decades. In
addition, to evaluate the extent of spread of ASF in the wild boar populations in each affected MS, the
number of potential secondary cases that could be attributed to a single source were calculated (means of
bootstraps calculated with a network analysis). Furthermore, to better understand the evolution of the
epidemic, i.e. whether it was in an expanding phase or in decline, the number of potential secondary cases
during the beginning of the epidemic was compared with that of the reporting period in each country.

TOR 2: Review the previously identified risk factors involved in the occurrence, spread and
persistence of the ASF virus in the wild boar population and in the domestic/wildlife interface with a
view to strengthen biosecurity and other risk mitigation measures. Risk factors involved in the
occurrence of ASF in domestic pig farms in Romania should be identified.

First, a narrative literature review identified field studies and studies based on modelling
surveillance data that quantitatively evaluated possible risk factors for the occurrence of ASFV in wild
boar or domestic pigs in Europe. Then, possible risk factors for the occurrence of ASF in domestic pig
farms and wild boar in Romania were assessed, using two different methodologies depending on the
data availability. On a NUTs 3 spatial resolution a Besag York Molli�e model was used to evaluate
potential risk factors for the occurrence of ASF either in wild boar or in domestic pigs between 2017
and 2019. Furthermore, on the hunting ground level, a generalised linear model was used to evaluate
potential risk factors for the occurrence of ASF in the wild boar populations in 2019.

TOR 3: Analyse the data and information on the geographical areas called white zones (zones
blanches) applied by free Member States (in particular France and Luxembourg at the border with
Belgium) for preventing the spread of the disease in wild boar. Assess the effectiveness of the
measures and review scientific literature addressing these measures. Review and assess the
robustness and effectiveness of the boundaries used for the determination/demarcation of these areas.

During the kick off meeting of this mandate it was agreed that ASF-free (negative) management
areas (equivalently called ‘white zones’) are zones that are geographically adjacent to an area where
ASF is circulating in wild boar (ASF positive area), where measures are implemented to prevent further
spread of ASF, in case it would be introduced.

To evaluate the effectiveness of the measures applied in the white zones, data were collected
about the size, the time of establishment and implementation of the measures in the selected white
zones, the fences used as demarcation and the numbers of shot animals and carcasses found. Per MS
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that provided sufficient input, the quantitative data were summarised together with a map
representing the geographical situation at the time of establishment of the white zone. The empiric
outcome of the scenarios, i.e. whether the measures implemented in the white zone was successful in
halting the spread, were analysed with a spatially explicit stochastic individual-based model.

2. Data

2.1. ASF outbreak reports and surveillance data

2.1.1. ASF notification data extracted from the Animal Disease Notification
System Database

Data on ASF cases and outbreaks in wild boar and domestic pigs, respectively, notified between 1
January 2014 and 31 August 2020, were extracted from the ADNS database. Table 1 displays the
notifications in the period from 1 September 2019 to 31 August 2020, i.e. the update of the disease
since the last report of 2019 (EFSA, 2020) compared to the total number of outbreaks and cases
reported from the first incursion of ASFV in the EU, on 24 January 2014 to 31 August 2020.

Figure 1 displays the total number of cases in wild boar and outbreaks in domestic pig farms,
respectively, reported to the ADNS in the EU MS from 1 January 2014 to 31 August 2020, per calendar
year. The data that were extracted from the ADNS were used for the creation of the maps with
outbreaks and cases (Sections 4.1.1 and 4.1.2) and the secondary cases network (Section 4.1.6).

Table 1: Number of African swine fever virus genotype II outbreaks in domestic pigs and cases in
wild boar notified to the Animal Disease Notification System up to 31 August 2020

Country*
Date of first incursion in
the country (DFI)

Number of outbreaks(a)

domestic pigs in period
Number of cases (b) in wild

boar in period

DFI-31 Aug
2020

1 Sep 2019–31
Aug 2020

DFI-31 Aug
2020

1 Sep 2019–31
Aug 2020

EU

LITHUANIA 24/1/2014 (WB) 141 7 3,826 244
POLAND 17/2/2014 (WB) 338 80 8,619 3,621

LATVIA 26/6/2014 (DP & WB)** 67 3 3,936 310
ESTONIA 8/9/2014 (WB) 27 0 2,803 59

CZECHIA 26/6/2017 (WB) 0 0 230 0
ROMANIA 31/7/2017 (DP) 3,469 1,045 1,437 810

HUNGARY 21/4/2018 (WB) 0 0 4,990 3,934
BULGARIA 31/8/2018 (DP) 63 27 535 476

SLOVAKIA 24/7/2019 (DP) 22 11 170 164
BELGIUM 13/9/2018 (WB) 0 0 647 5

GREECE 5/2/2020 (DP) 1 1 0 0
Neighbouring EU

UKRAINE 7/1/2017 (DP) 285 22 93 5
SERBIA 31/7/2019 (DP) 30 13 41 41

Total 4,827 1,202 27,292 9,634

DP: domestic pigs; WB: wild boar; DFI: date of first incursion.
(a): An outbreak of ASF in domestic pigs refers to one or more confirmed cases detected in a pig holding.
(b): Both sero- and virus-positive wild boar are included among ‘cases’.
*: Only countries where ASFV genotype II outbreaks or cases have been reported to the ADNS until 31 August 2020 are listed in

the table. Countries where ASF was introduced after the reporting period (i.e. Germany) are not listed.
**: The first case in wild boar and outbreak in domestic pig were detected at the same day.

ASF epidemiological analysis in the EU

www.efsa.europa.eu/efsajournal 11 EFSA Journal 2021;19(5):6572



1

44

1818
6 3 1

32

10
3 8 10

1 36
13 19

30

51

19
32 1

20

81

109

48

77

2
11

0

20

40

60

80

100

120

140

160

180

200

2014 2015 2016 2017 2018 2019 2020

sgip
niskaerbtuoforeb

mu
N

re
po

rt
ed

 to
 A

DN
S

Year

163

481

35
127

403
202

2841

723

1,052

637

231
77 42138

1,430

3,422

148

752 865 947
685

342
197

45
111 303

1,328 1,446

435 15830

53 80

741

2,443

2,132

3,140

182

609 646

18
152

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

2014 2015 2016 2017 2018 2019 2020

sesacraob
dli

wforeb
mu

N
re

po
rt

ed
 to

 A
DN

S

BELGIUM BULGARIA CZECHIA ESTONIA

GREECE HUNGARY LATVIA LITHUANIA

POLAND ROMANIA SLOVAKIA

1,164 1,728 575

Figure 1: Total numbers of cases in wild boar and outbreaks in pigs per year reported to Animal Disease Notification System from 1/1/2014 to 31/8/2020,
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2.1.2. Sample-based ASF surveillance data submitted to EFSA’s Data Collection
Framework

The data on samples from wild boar from the Laboratory Information Management System (LIMS)
of the national laboratories of the affected MS were collected in the EFSA’s Data Collection Framework
(DCF) (EFSA, 2017). The data reported to the DCF by the different MS contained the information on
samples tested for ASFV between January 2014 and 31 August 2020.

Samples were tested for ASFV using polymerase chain reaction (PCR) (testing for virus genome)
and AB-enzyme-linked immunosorbent assay (ELISA) confirmed by immunoblotting (IB) or immune-
peroxidase (IPT) (tests for antibodies). It should be noted that positive Ab ELISA test results were not
systematically confirmed with confirmatory tests (IPT or WB) in all the MS, and therefore, only the
ELISA tests results were used when reporting on the serology results in this report. In addition, the
ELISA test has not been validated for testing samples taken from carcass fluids from wild boar and the
results related to wild boar found dead should be interpreted with caution.

The analysis in Sections 4.1.3, 4.1.4 and 4.2 has been performed based on the test results
submitted to the DCF (Table 2).

2.2. Wild boar population data

Wild boar data (sources of hunting bag data aggregated on country level are provided in Table A.1
in Appendix A) over the last two decennia were retrieved from the national hunting association
websites and used to visually display the trends in wild boar population density (Section 4.1.5).

In addition, detailed data on Romanian wild boar populations based on estimates from the national
hunters’ organisations of the Romanian wild boar population size in 2019 were provided by the
Ministry of Waters and Forests. The data were provided with sufficient detail per hunting ground,
including the hunting efforts (i.e. number of dogs, baiting places, number of hunters as well as a
monthly wild boar hunted per hunting) to carry out the risk factor analysis (Section 4.2). Only data
from 2019 were available with this spatial resolution.

2.3. Domestic pig population data in Romania

Information about the pig holdings types from 2019 was provided by the National Sanitary
Veterinary and Food Safety Authority of Romania. This data set al.so contained the number of pigs per

Table 2: Numbers of ELISA and PCR tests performed on different samples taken from wild boar,
since the first occurrence in the countries, that were submitted to EFSA’s DCF from 2014
until 31/8/2020 (from all tested samples in the affected areas since the first ASF)

Country

Found dead Hunted

PCR ELISA* PCR ELISA*

Tot Nr. pos
%
pos

Tot
Nr.
pos

%
pos

Tot Nr. pos
%
pos

Tot
Nr.
pos

%
pos

BE 1,274 800 62.8 ND ND ND 3,500 33 0.9 ND ND ND

CZ 385 233 60.5 9 0 0 643 18 2.8 559 17 3
EE 2,263 1,858 82.1 205 25 12.2 35,307 1,164 3.3 35,176 1322 3.8

HU 9,533 6,182 64.8 ND ND ND 86,406 1,134 1.3 ND ND ND
LV 2,580 2,083 80.7 279 62 22.2 49,101 1,228 2.5 48,148 2761 5.7

LT 7,426 4,407 59.3 1235 2 0.2 35,521 764 2.2 28,270 852 3
PL 1,9703 1,5474 78.5 716 63 8.8 73,217 1,089 1.5 62,749 768 1.2

RO** 3,093 2,183 70.6 662 64 9.7 62,254 740 1.2 47,303 211 0.4
SK 259 221 85.3 ND ND ND 559 65 11.6 ND ND ND

BG ND ND ND ND ND ND ND ND ND ND ND ND

ND: no data submitted to DCF.
* All these samples were tested by ELISA for antibodies, but some of them have been confirmed by IPT test; however, these
results were not shown.
**: Data from RO are until 31/12/2019.
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holding and the number of holdings in the different Romanian municipalities. Only data from 2019
were available with this spatial resolution.

According to Order no. 16/2010 of the National Sanitary Veterinary and Food Safety Authority modified
by the Order no. 112/2010, the type of pig farms in the provided data set were defined as following:

1) Non-commercial pig farm: Holding used for domestic purposes, with animals registered in
the National System of identification and registration of animals (S.N.I.I.A) held by the
persons who are not registered at the Trade Registry Office.

2) Commercial type A pig farm: Pig farm registered in the S.N.I.I.A. and registered by the
Sanitary Veterinary and Food Safety Directorates in the counties. These farms are complying
with the provisions of the specific biosecurity norms, and fulfil the condition from the annex
50, held by authorised persons, individual companies, family businesses or legal persons
organised according to the law, registered and authorised at the Trade Registry Office.

3) Commercial pig farm: Pig farm registered in the S.N.I.I.A., which fulfils the provisions of
the specific biosecurity norms and is authorised by the Sanitary Veterinary and Food Safety
Directorates in the counties; owned by authorised persons, individual companies, family
enterprises or legal persons organised according to the law; registered and authorised by the
Trade Register Office.

2.4. Aggregation of data on potential risk factors in Romania spatial unit
and assessment of possible collinearity

In a first step, the values of the possible risk factor were aggregated per spatial unit (NUTS3 and
hunting grounds of Romania), and the average values for the specific areas were calculated. For
instance, the total number of wild boar hunted in a specific hunting ground in 2019 was divided by the
surface of the hunting ground to find the average number of wild boar hunted in that year per km2 in
that area. Subsequently, all the aggregated values were standardised by dividing them by the
maximum value of the same potential risk factor for all the spatial units.

Thereafter, to avoid multicollinearity, the potential risk factors were assessed using the variance
inflation factor (VIF) (Imdad et al., 2016, 2019) and only those potential risk factors for which the VIF
value was below 5 were retained to be further used in the model building process. The results are
listed in Table 3 for all potential risk factors available on NUTS 3 level and Hunting ground level, and
the heat map in Figure 2 visualises the pairwise correlation between the variables; red indicating
positive correlation and blue indicating a negative relationship.

ASF epidemiological analysis in the EU
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Figure 2: Heat map displaying the pairwise correlation between potential risk factors, where blue and
red shades indicate negative and positive pairwise correlations
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Table 3: Potential risk factors based on the available data used in the analysis

Acronyms Description Explanation VIF nuts 3 VIF hunting ground Source

Potential risk factors related to wild boar habitat

Habitat Percentage of area with suitable
habitat for wild boar

Habitat quality could drive wild
boar density

26.36 9 ENETWILD consortium (2020)

BIOCMEAN BIOCMEAN is a measure of wild boar
habitat suitability

Habitat quality could drive wild
boar density

6.96 NA ENETWILD consortium (2019)

Waterbodies Percentage of waterbodies in the area Wild boar could aggregate at
near water bodies.

3.45 1.4 https://www.esa-landcover-cci.
org/?q=node/158

CropRain Percentage of the area covered by
rain-fed crops

The land cover could have an
impact on wild boar behaviour,
e.g. some crops attract wild
boar and would facilitate
aggregation and impact on
transmission rates

1.54 4.6 https://www.esa-landcover-cci.
org/?q=node/158

Herbaceous Percentage of the area that is
covered by herbaceous land cover

6.60 4.8 https://www.esa-landcover-cci.
org/?q=node/158

TreeShrub Percentage of the area that is
covered by trees and shrubs

1.96 1.6 https://www.esa-landcover-cci.
org/?q=node/158

Growth Length of vegetation growing period 2 http://www.appsolutelydigital.com/
DataPrimer/part154.html)

Bare Bare areas 1.69 1.4 https://www.esa-landcover-cci.
org/?q=node/158

Altitude Average altitude 29.86 9.4 https://lta.cr.usgs.gov/SRTM1Arc
Sun Average yearly sun radiation Climatic conditions could have

an effect both on the survival of
the virus in the environment
and on the wild boar habitat. It
could also have an impact on
vector distribution, which
potentially could play a role in
the transmission of ASFV

2 https://worldclim.org/version2

Snow Average yearly snow depth 12.59 5.8 Hall and Riggs (2015)
Prec Average Precipitation 3.18 NA https://worldclim.org/version2

Tmean Average yearly mean temperature 2869.3 https://worldclim.org/version2
Tmin Average yearly minimum temperature 5.67 728.1 https://worldclim.org/version2

Tmax Average yearly minimum temperature 898.8 https://worldclim.org/version2

Potential risk factors related to hunting activity and wild boar management

WBDNS Wild boar density =number of wild
boar hunted in the area divided by
the surface of the area

Wild boar density could have an
effect on the transmission rate

1.84 3.8 Ministry of Waters and Forests,
Romania
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Acronyms Description Explanation VIF nuts 3 VIF hunting ground Source

Hunters Density of hunters/km2 Different hunting modalities or
targets have an influence on
wild boar density and behaviour
and could influence the
probability of ASF transmission

NA 1.3 Ministry of Waters and Forests,
Romania

Dog Density of hunting dogs/km2 NA 1.4 Ministry of Waters and Forests,
Romania

Feeders Density of feeders/km2 NA 1.8 Ministry of Waters and Forests,
Romania

Feed Density of feeding/baiting places/km2 NA 1 Ministry of Waters and Forests,
Romania

Days Number of hunting days per hunting
ground

NA 1.3 Ministry of Waters and Forests,
Romania

PigletsSow Average numbers of piglets observed
per sow

NA 1.8 Ministry of Waters and Forests,
Romania

Females Numbers of females shot NA 4.7 Ministry of Waters and Forests,
Romania

Potential risk factors related to the pig farming system
BYFarmDNS Density of backyard farms/km2 Different biosecurity levels are

assumed to predominate in
different farm types which
could influence the occurrence
of the disease

2.07 1.9 Veterinary Services Romania

BYPigDNS Density of pigs from backyard farms/
km2

2.13 1.5 Veterinary Services Romania

TypeAFarmDNS Density of Type A farms/km2 1.99 1.2 Veterinary Services Romania

TypeAPigSDNS Density of pigs from type A farms/
km2

2.26 NA Veterinary Services Romania

COMFarmDNS Density of commercial farms/km2 2.51 1.3 Veterinary Services Romania

COMPigSDNS Density of pigs from Commercial
farms/km2

2.44 NA Veterinary Services Romania

Potential anthropogenic risk factors

HFP Human footprint index A higher human activity in an
area could influence the
occurrence of the disease

4.63 3.1 Venter et al. (2018)

Urban Percentage of the surface occupied by
urbanised areas

11.59 2.3 https://efsa.onlinelibrary.wiley.com/
doi/epdf/10.2903/sp.efsa.2020.EN-
1871

NA: Data not available or not calculated on this spatial level; VIF: Variance Inflation Factor.
Data in red: VIF > 5: excluded from analysis due to collinearity.
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3. Methodologies

3.1. Descriptive epidemiology – TOR 1

3.1.1. Update the ASF situation in individual affected Member States

A narrative overview of the epidemic during the reporting period in the different affected MS was
provided by the working group member from each MS, focusing on the 1) evolution of ASF epidemic in
this reporting period in the EU; 2) specific prevention and control measures in each MS; 3) the most
likely sources of introduction in domestic pig holdings, if relevant and 4) the probable human mediated
ASF spread in wild boar population (jumps), if relevant.

3.1.2. Time-profile of proportions of positive samples tested with Ab ELISA or
PCR in wild boar hunted and found dead

The proportion of positive samples reported through the DCF (either tested by PCR or Ab ELISA)
were calculated as the number of positive animals divided by the total number of tested animals
(either hunted or found dead) per month, in the affected MS. As there was no consistent reporting of
results of the IB or IPT confirmatory tests, the results of the ELISA tests were taken as results for the
serology results. Local regression or local fitting (LOESS) smoothing (Cleveland and Devlin, 1988) was
used to estimate the average profiles describing the global trends of the PCR- or Ab ELISA-positive
samples. As the plots extended below 0 or above 1, generalised linear mixed models restricted cubic
splines were fitted. Confidence bands are also presented to show uncertainties in the estimation of the
smoothing curves.

The time profiles were provided per country displaying the proportion of positive samples from only
the affected areas where at least one positive case has been found, from the first positive detection in
that area onwards. Data were available on NUTS 3, LAU 1 or LAU 2 level from year 2016 onwards.
The affected regions only contributed to the estimation of proportion of positive samples in the months
after the first infection was found in that country.

3.1.3. Seasonality of proportions of positive samples in wild boar hunted and
found dead

A visual inspection was done to compare the number of cases in wild boar and the number of
outbreaks in domestic pigs notified to the ADNS by season in the Baltic countries combined with
Poland as well as in Romania.

Subsequently, the seasonal patterns of the numbers of cases reported through EFSA’s DCF were
analysed. Therefore, the data were aligned according geographical location (sampling region), the
sampling date and the final test result (for this analysis, a sample was considered an ASF case in a
wild boar if it tested PCR positive). ELISA positive results were not considered given that the results do
not reflect incidence. Each LAU 2 region was included from the date on which the first positive sample
was reported for that LAU 2 region, e.g. starting date. Previous negative reports for that region were
excluded from the analysis. A local regression or local fitting (LOESS) smoothing (Cleveland and Devlin,
1988) was used to estimate the average profiles describing the global trends of the PCR- or Ab ELISA-
positive samples. Confidence bands (CI 95%) are also presented to show uncertainties in the
estimation of the smoothing curves.

3.1.4. Evolution of yearly wild boar density in affected Member States

The total numbers of harvested wild boar per year per country were aggregated and represented
for the last 20 years to visualise possible trends in population density. Two graphs were provided, one
for the three Baltic States, and one for the other MS in the EU that have been affected by ASFV
genotype II in the last decennia.

3.1.5. Secondary cases network

To build the Directed Acyclic Graph (DAG), representing the network connecting the nodes and the
directed edges representing the potential parent-child relation between nodes in the network)
representing the ASF epidemic based on the case-report data submitted to the ADNS, the location and
confirmation date were used. The wild boar cases reported were sorted by confirmation date. Starting
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from the first reported case (considered to be the source), the distance to each subsequent case that
occurs in a window of 60 days were calculated (using great circle distance), in accordance with
Barongo et al. (2015), only those that were in a band of 1 km to the closest outbreak to the potential
source were considered to be linked to the source outbreak. This figure was considered to be in line
with a median velocity of spread calculated for Belgium, Czechia, Estonia, Hungary, Latvia, Lithuania
and Poland between 2.9 and 11.7 km/year (EFSA, 2020). Once a source was identified, no other
source could be linked to the recipient node. A schematic representation of the procedure followed is
presented in Figure 3.

Then once the DAG was built, the number of edges coming out from all sources of infections was
calculated and this information was used to build a frequency table of notifications that could be
classified as secondary to the source cases and bootstrapping (a total of 100,000 bootstraps) was used
to quantify uncertainty around the mean of secondary cases obtained from the DAG build.

3.2. Risk factor analysis – TOR 2

3.2.1. Besag York Molli�e model to analyse risk factors for the occurrence of
African swine fever in domestic pigs and wild boar on NUTS3 level

The Besag York Molli�e (BYM) model is a lognormal Poisson model, which includes both an intrinsic
conditional autoregression for spatial smoothing and an ordinary random-effects component for non-
spatial heterogeneity. Details about the models used can be found in EFSA (2017) and in the Zenodo
repository (Varewyck et al., 2017).

Section 2.4 describes how the data were aggregated and checked for collinearity. Then the model
was fitted with the remaining potential risk factors (Table 3) aggregated per county, to evaluate their
effect on the probability of occurrence of ASF in: 1) domestic pigs and 2) in wild boar in the different
counties (NUTS 3) in Romania.

Using a backward elimination procedure, the potential risk factors were removed one by one, if
their significance level was p > 0.05, given their lack of significant contribution to model.

After the analysis was performed on a NUTS3 level, the potential risk factors for the occurrence of
ASF in wild boar were assessed on the hunting ground level. Only covariate data related to pig farms
for9were provided with enough spatial detail and the BYM analysis could not be performed as it
considers a random effect component for the non-spatial heterogeneity, but only one single

Figure 3: Schematic representation to build the DAG network and calculate the number of nodes
connected to each source of infections
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measurement per spatial unit was available making the data at hand unsuited for such a modelling
approach (not allowing estimation of the random effect variance with a single observation per spatial
unit). Therefore, a Generalised Linear Model was used (see Section 3.3.2) on the hunting ground level.

3.2.2. Generalised linear model

The data reported by Romania through the DCF is used to build a binary indicator per hunting
ground, which takes the value 0, if no PCR positive for ASF was reported for that hunting ground, and
1, if at least one PCR positive was reported in the year 2019 for that hunting ground. For each hunting
ground then, the hunting activity indicators were reported (such as number of hunters, dogs, feeders,
hunted, females hunted, etc.), information regarding domestic pig farms per hunting ground (number
of pigs, number of farms, etc.), environmental information (temperature, snow depth, hours sun,
suitability scores, etc.) as well as information regarding human footprint index in the area. A logistic
regression model was used to explore the effect of the covariates and a backward selection procedure
was applied to eliminate covariates in the model that were not significantly (p > 0.05) associated with
the presence of at least one ASF PCR-positive result in a hunting ground area. The proportion of ASF
PCR-positive results in each hunting ground is presented in a choropleth map.

3.3. Review wild boar management for controlling the spread of ASF, in
the areas called white zones (zones blanche), and the robustness
and effectiveness of the boundaries used for the determination/
demarcation of this areas

In a white zone, measures are undertaken to preventively impact the wild boar population before
ASF may enter from the adjacent positive area (or not). These measures entail the preparation of the
white zone to act as buffer towards even more distant ASF-free areas yet without management. The
intended functionality of the white zone inherently foresees that ASF might enter, but the infection is
expected not to leave off the wild boar population in the once demarcated white zone. In other words,
a white zone, and ASF-free management or negative area still remains in function, even if no longer
‘white’, ‘ASF-free’ or ‘negative’ – the importance is whether eventually the infection chain ceases inside
the demarcated area. Nonetheless, in practice white zones usually will be extended (precautionary),
once ASF enters the original extension.

These principles are basic to the methodology described in the following sections and the
assessment of the capability of white zone measures to control the spread of ASF.

3.3.1. Field evidence

The first step of this assessment included the collection of field evidence of measures applied to
white zones in different areas of the EU. Evidence was collected for different periods (as early as 2014,
or 5–6 years later when more experience in controlling the disease was obtained), different wild boar
population structures (low- to high-density habitat affected) and alternative control situations
(advancing epidemic front vs. focal introduction) recorded in the affected MS. The associated data
were collected from the MS to: a) have quantitative input about the intensity of the applied measures
and b) access the spatial details of the white zones established. The collected data included the size,
the time of establishment and the timing of the implementation of the measures in the selected white
zones, a description of the fences used as demarcation and the numbers of shot animals and
carcasses found. Additionally, the planned outcomes of measures in white zones (targets) were
collected. Per MS that provided sufficient input, the quantitative data were tabulated together with a
map representing the geographical situation at the time of establishment of the white zone. The
empiric outcome of the scenes, i.e. whether the particular white zone was successful in halting the
spread of ASF, can be read from details in Section 4.3.2.

3.3.2. Spatial explicit stochastic model

Next, the detailed situation in each MS was implemented in a spatially-explicit, stochastic individual-
based model. The model is developed to simulate spread and control of ASF in wild boar in structured
landscapes of wild boar habitat. The tool was used in support of previous EFSA outputs relating to ASF
in wild boar, in particular to assess the capacity to manage ASF spread in alternative scenarios (i.e.
large-scale front, EFSA AHAW Panel, 2015, 2017, or focal introduction, EFSA, 2018). The disease
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component of the model was updated with knowledge on ASF infection and epidemiology as reviewed
in EFSA AHAW Panel, 2021.

The model uses habitat maps to represent population distribution and dynamics. These maps
determine population growth and local density variations. Per Member State, the model population is
parameterised with the data as described under Section 3.3.1. The structure of the model habitat is
based on Pittiglio et al. (2018). The maximum abundance or density is calibrated to estimations of the
MS for the particular region (see Section 3.3.1). Finally, the data provided by the MS regarding hunting
record and carcasses found in and around the white zone were used to validate or adjust the
population numbers emerging from the model habitats. The purpose was to understand the
reproducibility of the observation and the possible resulting calibration.

On the geographic landscape, the historic spread of ASF according to ADNS is reconstructed until
the white zone has to be established. From there on, ASF spread is independently simulated, and
control efforts applied to the white zone including fencing, ASF related excess hunting, depopulation
activities and carcass search/removal. The purpose is to investigate each white zone under the
epidemiological situation where it was established, and where one possible outcome was already
known from field.

Model output is aggregated to inform about:

i) the likelihood of the observed outcome in a particular white zone (post hoc),
ii) the probability of successful control over time of the applied measures and
iii) potential amendments to the previous suggestions on measures in ASF-free management

zones (EFSA, 2015, 2017, 2018).

Dynamic visualisations of simulation output are available in Lange et al. (2021).

4. Assessment

4.1. Descriptive epidemiology – TOR 1

4.1.1. Update of the ASF situation

During the 12-months period in question for this report, a first outbreak of ASF was reported from
one additional EU-MS (Greece). At the end of the period, i.e. 31 August 2020, 10 EU MSs (BE, BG, EE,
EL, HU, LV, LT, PL, RO and SK) were thus affected by ASF. In addition, ASF was present in all the non-
member countries on the eastern border of the EU, except Turkey, as well as Serbia (Figures 4 and 5).

Within the EU, all phases of the ASF epidemic were represented during the reporting period,
including non-affected areas (i.e. most MS), affected areas in which the situation was still evolving
following e.g. geographic expansion of affected areas and/or increasing numbers of reported cases or
outbreaks (e.g. PL, RO, SK and HU), affected areas where prevalence had reached a plateau (areas of
PL), areas of reducing prevalence (e.g. LT, LV, EE) and areas in which control measures implemented
had managed to stop active virus circulation (BE and EL).
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Figure 4: Reported ASF genotype II outbreaks in domestic pigs since the first introduction in the EU,
Ukraine and Serbia until 31 August 2020
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Figure 5: Reported ASF genotype II cases and outbreaks in pigs and wild boar during the reporting
period (1 September until 31 August 2020) in the EU, Ukraine and Serbia

ASF epidemiological analysis in the EU

www.efsa.europa.eu/efsajournal 23 EFSA Journal 2021;19(5):6572



4.1.2. Update the ASF situation in affected Member States and neighbouring
countries

4.1.2.1. Belgium

4.1.2.1.1. Evolution of ASF epidemic in this reporting period, Belgium

On 13 September 2018, the presence of ASF was confirmed in Belgium for the first time since
1985. The two-first positive cases, one adult found-dead and one young wild boar sanitary-shot, were
detected in the Bois de Buzenol (province of Luxembourg, south-east of Wallonia). The cases were
found about 12 and 17 km, respectively, from the borders of France and the Grand Duchy of
Luxembourg. Within the first 11 months (from mid-September 2018 to mid-August 2019), 827 ASFV-
positive wild boar were detected in the south-eastern area of Belgium (Figure 6).

4.1.2.1.2. Specific prevention and control measures (besides those laid down in the EU legislation and
the Strategic approach to the management of ASF for the EU)

Preventive measures and surveillance in domestic pigs

About 2 years after the emergence of ASF in wild boar, there were still no cases among domestic
pigs. The self-declaration of « Free status of ASF for domestic and wild pigs kept in captivity »
submitted by Belgium to the OIE was approved in April 2019.6 The obligations related to registration
of pig holdings, infrastructure and hygiene are controlled by the agents of the Federal Agency for the
Safety of the Food Chain (FASFC). Measures carried out by (FASFC), including enhanced passive
surveillance in all pig holdings, strict biosecurity measures and prohibition of assembly of pigs, were

Figure 6: Reported ASF cases in wild boar since the first introduction in Belgium up to 31 August
2020

6 https://www.oie.int/fileadmin/Home/fr/Animal_Health_in_the_World/docs/pdf/Self-declarations/2019_04_Belgium_ASF_FR.pdf
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maintained during the second year of the crisis. Moreover, an active surveillance on pig farms was
introduced in 2020. Although surveillance covers pig farms throughout Belgium, it specifically targets
‘farms at risk for virus introduction’, i.e. farms located in the province of Luxembourg (in or near the
ASF-affected area), farms keeping free-range pigs and farms that market breeding and rearing pigs.

Enhanced passive surveillance: Persons in charge of any pig operation are expected to immediately
call the farm veterinarian, if signs of disease are simultaneously observed in several animals or if
multiple mortalities are noted. The veterinary surgeon is then expected to examine all pigs in the herd
within 24 hours and, even if no evidence of ASF is detected, must comply with the FASFC’s instructions
for increased vigilance. According to the latter, 3 blood samples and/or a fresh carcass have to be sent
to the first-line laboratory for differential diagnosis before initiating any treatment. From September
13, 2018 to October 11, 2020, 20,843 pigs from 2,778 holdings were sampled, and all samples were
PCR-negative. Further, when new pigs are introduced into a holding, they must undergo quarantine for
4 weeks before being introduced into the herd.

Implementation of active surveillance: During the year 2020, blood samples were taken from 5,804
pigs from 341 holdings. The corresponding 5,804 serological and 3,773 virological analyses were
performed, and all were found negative (by PCR tests).

Control of biosecurity measures in pig holdings: in addition to the adaptations of the Belgian
legislation reinforcing biosecurity in the domestic swine sector, the usual controls of registration,
infrastructure and hygiene obligations by FASFC officials were extended to biosecurity measures. This
was made feasible by the hiring of additional veterinary inspectors. Further, from 2021 onwards, the
farmers are expected to contact their veterinary surgeons once a year for evaluating the biosecurity
measures implemented in the corresponding farms. This evaluation will be mandatorily and carried out
with the use of a new, dedicated computer app (BioCheck), which is made available by and
automatically transfers the results to the FASFC.

Control measures in wild boar

Zoning: regulated zones were created in October 2018 according to the European legislation
(Figure 7). According to the specific measures prescribed by the European legislation, the areas were
adapted four times, as new positive cases were detected. In January 2019, an extension was created
to the West (close to France), in February and March 2019, to the North and North West and again to
the North-West in January 2020, when a PCR-positive wild boar bone was detected outside the
infected area. In May 2020, the infected area was reduced as no new cases had been detected for
more than 12 months. Each adaptation has been the subject of a Decision of the EU Commission. In
August 2020, Part II and I combined covered 1,106 km2, with Part II extending over 572 km2, of
which forests accounted for 302 km2.
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Restrictions: In October 2018, restriction measures were enforced, aimed at limiting the spread of
ASFV in the affected area. The objectives were to avoid disturbing wild boar, avoid passive
dissemination of the virus and avoid physical risks for average citizens during depopulation operations.
The restrictions consisted of a strict ban on feeding and hunting wild boar and on free circulation in
the forests for walking, hiking and professional forestry activities. In April 2019, some safe areas were
released for walking/hiking activities during the summer. In October 2019, the infected area was totally
closed again to allow intensification of depopulation activities. In January 2020, light forestry activities
(handheld equipment only) were authorised, provided that strict biosecurity measures were
implemented. In May 2020, heavy professional activities were authorised, again provided strict
disinfection of equipment was implemented and access of the forests to tourists was reopened during
daylight hours (depopulation activities were maintained during the nights). Finally, in August 2020, the
authorities issued some new authorisations to take firewood outside the forest and to prepare the
coming wild cervids hunting season, provided strict disinfection procedures were implemented.

Enhanced passive surveillance: Systematic searches for dead wild boar with immediate carcass
removal and ground disinfection were and are still organised over the two zones since the beginning of
the outbreak. In Part I, intense active search was expected, throughout the crisis, to provide early
detection of ASFV positive cases outside the infected zone and/or detect possible sealing failures of the
network of fences. Throughout this reporting period, each found-dead wild boar was packed according
to strict biosecurity procedures and was transported to the principal collection centre by professionals
of the Civil Protection and by the administration. Twenty-five workers were hired in September 2019 to
reinforce the carcasses’ search-packing-removal-testing activities. Overall, since the beginning of the
outbreak, more than 56,000 hours of active search were organised by the regional authorities. During
the reporting period (September 2019–August 2020, 18,000 h of active search, C. Malengreaux,
personal communication), 171 wild boar were found dead in Part II, 96% of which were in
skeletonised condition (165/171). Of these, 74% (122/165) could no longer be analysed because of
advanced decay (no DNA retrieved). Of the 43 analysable bones, 37 were found ASFV-negative and 6
were found positive. The six positive bones had been found in the forest between October 2019 and
March 2020. In addition, 71 animals were found dead in Part I, of which 72% were found in the

Figure 7: Regulated zones in Belgium, May 2020. Blue line: border of Part I, surrounding zone II and
in which no cases of ASF has been recorded; Pink line: border of Part II in which ASF has
only been detected in wild boar
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skeletonised condition. Among them, 59% were no longer analysable for the same reasons. All
analysable animals from Part I were found to be ASFV-negative.

Fencing: A network of concentric fences was built on the border and within the aforementioned
areas (about 300 km in total).

• Between November 2018 and September 2019:

Belgian fences were connected to those built in France and Grand-Duchy of Luxemburg wherever
pertinent. The goal was/is twofold: (i) slowing down the centrifugal geo-diffusion of the disease, and
(ii) creating tight corridors in which depopulation can be carried out without taking the risk of causing
the movement of animals over long distances. Fences were built progressively around the infected
zone first, then in front of the non-infected zone to have at least a fence in advance on the virus
spread.

• Between September 2019 and August 2020:

The fence network was completed where gaps remained. First, the Libramont-Bouillon junction (28
km) was built in November 2019 (it is a junction in the north-west of Part II, along the N89 road
between Recogne and Bertrix, approximately 15 km from the limit of Part II). This fence was built far
outside of the disease propagating front to anticipate a possible centrifugal spread of the virus and
also to hinder the centripetal immigration of wild boar into the area where intense depopulation
activities were being undertaken. Then, a junction between the Belgian network of fences and that of
the Grand-Duchy of Luxemburg at the level of Athus (0.6 km, end of November 2019) was built.

Depopulation: Many depopulation methods were used (trapping, night shooting, single hunting on
baiting points, driven hunts with/without dogs) with specific restrictions according to the area. All
these measures were carried out under the supervision of the regional authorities with the objective to
drastically depopulate the different areas. The depopulation-associated decisions were rendered
mandatory by issuing specific regional legislations. Culling of wild boar within the infected zone was
carried out by the public authorities, whereas hunters were enrolled with the administration for
depopulating the periphery. Compensations (50 € or 100 € per wild boar, depending on the area) were
provided for participating hunters. The latter were enrolled, provided they had received specific
training on biosecurity procedures, including for packaging and transportation of culled wild boar to
the collection/diagnostic centres.

Among different methods, the night shots proved essential for implementing a targeted
depopulation strategy without disturbing wild boar populations. They were exclusively carried out by
the public authorities since January 2019. Traps also proved an efficient ancillary method. Up to 170
traps have been installed by the public authorities between January and June 2019. They were
operated with the collaboration of hunters for baiting and culling.

The rationale underlying the depopulation activities relied on a regular adaptation to the
epidemiologic situation. During the epidemic phase (rapid spread of the disease with recurrent
extensions of the infected area, from September 2018 to April 2019), it was strictly forbidden for the
public to hunt in the infected area and the public authorities progressively intensified night shots and
trapping for depopulation purposes in the infected area. Besides, in the surrounding still ASFV-free
areas, i.e. Part I and outside Part I, hunters were invited to organise driven hunts with or without
dogs, according to the presence of fences or not. During the residual (post-epidemic) phase (typically
when detection of ASFV-positive cases became sporadic, at constant found-dead searching power,
from May 2019 onwards), night shots and trapping for depopulation purposes were intensified in the
infected area. In the infected area (572 km2), the objective was to eliminate as much as possible
« residual » wild boar. According to the network of camera traps installed over the entire zone, the
estimated living population was 50–150 wild boar over the infected area in July 2020 (A. Licoppe,
personal communication). Between September 2019 and August 2020, 148 wild boar were culled over
the infected zone (111 shot at night, 15 trapped/culled and 22 culled by public authorities). All proved
ASFV-negative. In the surrounding area (534 km2), 1087 were culled (325 night shots, 273 trapped
and 489 culled), all of them proven ASFV-negative. As the population is dynamic, the Belgian
depopulation strategy will be maintained over the whole area at least until the end of 2021.

Testing: The three carcass collection centres (one main and two secondary) set up at the beginning
of the crisis remained fully functional during the period September 2019 to August 2020. A total of
1504 wild boar carcasses were analysed for the presence of ASFV with a strategy identical to that
implemented during the preceding phase: 100% of found-dead (zones II and I) animals as well as
100% (Part II) and 20–30% (Part I) of the night-shot/trapped/culled animals. During the reporting
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period, 171 carcasses were removed from the infected area (Part II). The majority of these (96%)
were reduced to a pack of bones. Six of them were proven weakly ASFV-positive by PCR, they were all
detected in the infected area between October 2019 and March 2020. For these six weakly ASFV-
positive (Ct > 34) bones found in 2020, based on the date of discovery, climatic conditions and
macroscopic appearance, the post-mortem interval was estimated at > 6 months, according to
Samsuwan and colleagues (2018). Further, the ASFV EURL (INIA, Madrid, Spain) was unable to isolate
infectious virus from these samples. Taken together, the testing results show that the last fresh ASFV-
positive wild boar we detected in the infected area dates from 13 August 2019.

Since 1 October 2020, Belgium has declared itself free of ASF, and this was approved by OIE in
December 2020 (OIE, 2020). Nevertheless, the surveillance is maintained to continue to reduce the
density of wild boar populations throughout Wallonia.

4.1.2.1.3. Probable human-mediated ASF spread in wild boar population

When ASFV entered in Belgium, the nearest wild boar case was about 1,000 km far from the place
of introduction, and therefore, this introduction is considered to be human-mediated. Up to now,
however, the cause of the long-distance jump of ASFV into the Belgian wild boar population could not
be proven.

Key points

• No outbreaks have been reported in domestic pigs in Belgium
• The reporting period September 2019–August 2020 is in the residual (post epidemic) phase.

The last fresh ASFV positive case in wild boar was reported in August 2019. Since then, six
PCR-positive bones (the last in March 2020) were detected by active search of carcasses, all in
the infected area.

• Since the beginning of the outbreak: 833 ASFV-positive cases were detected in the infected
area (EU Part II) of ~ 572 km2.

• Preventive measures in pig holdings and control strategies in wild boar populations have
proved effective to avoid introduction of the disease into pig farms and to contain the virus in
wild boar in a controlled area.

• Control strategies in wild boar are a combination of tools (including fencing, night shooting and
traps) adapted to the epidemiological situation and to the specific zone they are implemented
in.

• Active search and removal of carcasses and depopulation are maintained in the regulated
zones.

• The authorities are keeping up the pressure to eradicate the disease.
• Free status from the first of October 2020.
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4.1.2.2. Bulgaria

4.1.2.2.1. Evolution of ASF epidemic in this reporting period in Bulgaria

Figure 8: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Bulgaria up to 31 August 2020
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During this reporting period, ASF was detected both in domestic pigs and in the wild boar
population in Bulgaria.

Twenty-seven outbreaks in domestic pigs and 534 cases in wild boar were notified by the
Competent Authority. Descriptive data on the outbreaks per holding category, wild boar cases and
animals affected are provided in Table 4.

There were four regions in Bulgaria where domestic pigs were affected by ASF during the reporting
period. The majority of the outbreaks were located in the central and north-eastern parts of the
country – two industrial farms and the East Balkan pig’s farms were affected in the Shumen and Varna
regions, one family farm and a backyard farm in the Gabrovo and Sliven regions, respectively.

The outbreaks in East Balkan pigs were confirmed throughout the reporting period, whereas the
outbreaks in the other pig categories were confirmed in the beginning of 2020. No outbreaks were
confirmed in the months from May to July. The low density of backyard pigs resulting from the
preventive measures taken in July 2019 (depopulation of the backyard farms and ban for repopulation

Figure 9: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Bulgaria up to 31 August 2020

Table 4: Descriptive data on the ASF outbreaks per holding category in Bulgaria from the first of
September 2019 until the 31 August 2020

Category Outbreaks/cases, n Affected pigs/WB

Industrial farms 3 67,624

Family farms 1 29
Backyards 3 12

East Balkan pigs 20 1,809

Wild boar 534 1,649
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till September 2020) and amendment of the national legislation (see below) have contributed to the
epidemiological situation with ASF in the country.

Almost the same situation is observed in the wild boar population, namely the spread of ASF cases
towards the central and eastern part of the country. ASF cases in wild boar have been confirmed in 26
administrative regions, out of 28 regions. In total, 1,649 positive wild boar were confirmed as PCR
positive. Out of 41,756 hunted wild boar, 630 were positive, while 1,019 positive cases were in wild
boar found dead.

The highest percentage of PCR-positive wild boar found dead was reported in the age category
between 2 and 6 years (86%), followed by the category from 1 to 2 years (75%), whereas in shot
positive wild boar, a higher percentage of positive pigs was observed in the age group from 1 to 2
years (24%). Out of the PCR-positive hunted wild boar, 1.35% were animals with atypical behaviour, in
the age category up to 2 years. From the wild boar testing positive, 48% were females and 39% were
males and the sex of the rest (13%) was not known.

4.1.2.2.2. Specific prevention and control measures (besides those laid down in the EU legislation and
the Strategic approach to the management of ASF for the EU)

Measures were implemented in line with in with Directive 2002/60/EC. In addition, in the beginning
of 2020, the national legislation was amended, resulting in easier registration for backyard farms,
strengthened biosecurity requirements for pig farms and improved cooperation with local institutions
and new, improved compensation rules in case of animal disease outbreaks.

A multi-institutional plan for control and prevention of ASF was adopted in January 2020 by the
Council of Ministers, which laid down the roles, responsibilities, commitments of all governmental
institutions regarding the implementation of the prevention, control and eradication measures for ASF.

Additionally, a massive training and awareness campaign was carried out in the reporting period,
targeting farmers and hunters, which focused on pig holding registration, biosecurity measures in pig
holdings and during hunting.

4.1.2.2.3. Most likely routes of introduction in domestic pig holdings

The most likely routes of introduction into the pig holdings are listed below and are based on the
outcomes of the epidemiological investigation carried out for each outbreak.

• Domestic pig farms, which were not applying strong biosecurity measures, were detected
during the checks by the Veterinary Officials. Some of the farms were surrounded by forest or
crop land areas attractive for wild boar, or areas where several dead wild boar were found and
later tested PCR-positive for ASF. Additionally, the likely pathway of virus spread for one of the
affected farms was due to its commercial links with a previous confirmed outbreak farm. The
backyard farms that reported positive for ASF did not have any or sufficient biosecurity
measures in place.

• East Balkan Pigs (EBP) farms are allowed by the national law to be kept in three regions of the
country, resulting in a higher density of these farms in those areas. This type of pig breeding is
paired with very low levels of biosecurity. However, there is a ban for free range and outdoor
rearing of pigs in the ASF affected areas, which is unfortunately not complied with by some pig
owners. The spread in those areas where EBP are reared was therefore just a matter of time.
At the time being, more than 50% of the EBP farms have been affected by ASF.

Thus, the main conclusion about the possible source of ASF in the affected farms is that the lack of
strong biosecurity in place, the high concentration of EBP farms and high levels of environmental
contamination with ASFV (as almost 80% of the country is affected by ASF in WB) are the most likely
causes contributing to ASF spread.
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4.1.2.3. Estonia

4.1.2.3.1. Evolution of ASF epidemic in this reporting period in Estonia

Figure 10: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Estonia up to 31 August 2020
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During the reporting period (1 September 2019–31 August 2020), the decrease in numbers of
detected cases as well as the prevalence of ASF PCR- and/or antibody-positive wild boar continued. No
outbreaks were observed in domestic pig herds. Until the re-emergence of PCR-positive cases among
wild boar in August 2020, the last clusters of PCR-positive wild boar were observed in late 2018–early
2019 in the west most part of the country and on the eastern border with Russia (EFSA, 2020), the
latter being likely epidemiologically linked to the ASF situation over the border, where ASFV circulation
was registered from September to November 2018 (Shulz et al., 2020). Between 6 February 2019 and
28 August 2020 (for more than 18 months), only cases of seropositive wild boar were sporadically
detected in Estonia. During the year 2019, seropositive animals were detected in all the 14 previously
affected counties. However, there were eight counties, where all the detected seropositive animals
were older than 1 year. The proportion of seropositive wild boar in the affected counties in total was
2.1%. On the county level, the prevalence ranged from 0.5% (Valgamaa) to 8.2% (L€a€anemaa),
whereas on the mainland of L€a€anemaa County, where virus spread among wild boar was observed the
latest, the average seroprevalence was 17.4%.

From January until August 2020, all detected seropositive wild boar were in the age class older
than one year. In July, however, two PCR-negative and seropositive piglets were hunted on the island
of Saaremaa, both reported to be younger than 6 months (M. Kristian, personal communication),
possibly indicating that these animals may have had maternal antibodies. Although it cannot be
excluded that these animals were infected, this is not supported by the fact that no virus has been
detected consecutively in wild boar hunted or found dead in this area or Saaremaa island in general.
The proportion of seropositive animals in total in affected counties had decreased to 1.3% by the end
of September 2020. On the county level, the prevalence of seropositive findings among hunted wild
boar ranged from 0 (two counties in the South-East of the country) to 5.0% (L€a€anemaa County in the
west). The two counties in the South-East of Estonia, Valgamaa and P~olvamaa, free of PCR and

Figure 11: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Estonia up to 31 August 2020
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antibody positive findings during 2020, had their last seropositive wild boar detected in January and
July 2019, respectively.

In late August 2020, a new cluster of PCR-positive wild boar was detected in one hunting ground
located in Raplamaa County in the western part of the country. In this hunting ground, 13 (11 found
dead 2 hunted) PCR-positive wild boar were detected, all located within a radius of approximately 3
km. In October 2020, three seropositive but PCR-negative wild boar younger than 1 year old were
hunted in the same area, likely the surviving piglets of the infected group (M. Kristian, personal
communication). The last previous PCR case in county of Raplamaa was detected in February 2018 in
the same municipality, ~ 13 km from the case detected on 25 August 2020. The time span between
these two findings is 30 months. During this period in the Rapla County, 16 seropositive wild boar
were detected (after February 2018 – 8, 2019 – 5, before August 2020 – 3), all but one older than one
year. The only seropositive piglet in the age group of younger than one year was hunted in August
2019 (~ 9 km away from the location of the last PCR-positive detection), which means the animal must
have been the offspring of the same year and had to be younger than 6 months and therefore could
have had maternal antibodies.

The number of carcasses reported during the period from January 2018 to the end of August 2020
in Rapla County has been on average 2 per 1000 km2 (including wild boar killed in traffic accidents).
However, the reporting has not been well distributed over the territory of the county. In 2019, all
carcasses were reported from one municipality (M€arjamaa). No carcasses were reported, neither from
the municipality nor from the hunting ground affected by the present outbreak.

The origin of the outbreak is not known. The probability that virus circulation in the local wild boar
population has remained undetected over 30-month period is considered low. Despite the lack of
passive surveillance in the presently affected municipality, there has been ongoing active surveillance
and seropositive animals have been detected. The proportion of seropositive animals among hunted
wild boar in the Rapla County has been declining over the whole period. This has not been previously
observed in areas where the virus has been circulating. Furthermore, the seropositive animals have
been (with one exception) adults, indicating lack of recent infections.

The closest PCR-positive cases in wild boar or outbreaks in domestic pigs detected during the
period February 2019 to August 2020 were in the south western part of Latvia and European part of
Russia, both more than 300 km away from the Rapla County. This makes it unrealistic to assume any
role of migrating wild boar to be a cause of this outbreak.

The probability that the virus has survived in the environment over a 30-month period should be
considered unlikely (see EFSA, 2021). The only plausible way for the virus to survive this long is if it
has been frozen. Thus, the new release of the virus by a human could be considered as a plausible
cause of this outbreak. The third, but highly hypothetical option, would be the release of the virus
from a long-term infectious animal. To date, however, there is no evidence that such shedding of virus
for longer than 60–70 days exist (EFSA, 2021).

4.1.2.3.2. Specific prevention and control measures in Estonia

No new measures during the reporting period.

4.1.2.3.3. Most likely routes of introduction in domestic pig holdings

No domestic pig outbreaks during the reporting period.

4.1.2.3.4. Probable human mediated ASF spread in wild boar population

A cluster of virus-positive wild boar was detected in Raplamaa County, in the North-Western part of
the country in late August 2020 after 18 months from the last detection of the PCR-positive wild boar
in Estonia. One of the possible reasons of the re-emergency of the virus in the area is reintroduction
by humans. No direct or circumstantial evidence to support the hypothesis could be revealed in
epidemiological investigation.
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4.1.2.4. Greece

4.1.2.4.1. Evolution of ASF epidemic in this reporting period in Greece

The first outbreak of ASF in Greece occurred in a small non-commercial farm of 32 pigs (in Nikoklia
village of Serres Regional Unit in the Region of Central Macedonia in Greece). The suspicion of the
outbreak was raised on 3.2.2020 and the presence of the virus was confirmed in the laboratory on
5.2.2020. The location of the outbreak was in the village Nikoklia in the Vissaltia Municipality, Serres
Regional Unit in the Region of Central Macedonia.

The epidemiological investigation revealed that the holding included two epidemiological subunits:
the first unit contained 4 sows, 1 boar, 13 piglets and 11 fattening pigs and the second unit was
located in an olive grove, surrounded by electric fence, where a number of fattening pigs were
transferred according to the farmer.

4.1.2.4.2. Specific prevention and control measures in Greece

The measures were implemented in line with in with Directive 2002/60/EC.

4.1.2.4.3. Most likely routes of introduction in domestic pig holdings

Taking into account the incubation period reported by OIE (2019), and the moment of clinical signs
and death observed on the farm, the assumed period of introduction of ASFV on the farm was during
the period between 20.12.2019 and 9.1.2020.

According to the epidemiological investigation conducted by the official veterinarians in the Serres
Regional Unit, it is considered likely that the pigs were exposed to food leftovers thrown in the olive
grove where fattening pigs were allowed to graze since the 5 January 2020, by people working in a
greenhouse located close to the farm. These workers visit regularly their country of origin which is

Figure 12: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Greece up to 31 August 2020
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ASF-affected, and maybe they transported contaminated pig meat/pig meat products to Serres
following Christmas holidays and leftovers were thrown in the olive grove, accessible to the pigs.

Thus, based also on the available surveillance data until now in the extended surveillance/
protection zones and the fact that no new cases have been detected, it seems that this was an
outbreak restricted only in a small farm due to human translocation of the virus. Transmission through
wild boar is considered less likely but cannot be excluded taking into account the limited available
surveillance data in wild boar. According to recent data, population of this game species is estimated
to be 10484 animals in Serres Regional Unit, while reported hunting bag is 2428 wild boars.

4.1.2.5. Hungary

4.1.2.5.1. Evolution of ASF epidemic in this reporting period in Hungary

In Hungary, the ASF virus is only present in wild boar. Until September 2019, the following counties
were affected: Heves, Szabolcs-Szatm�ar-Bereg, N�ogr�ad, Borsod-Aba�uj-Zempl�en, Hajd�u-Bihar and J�asz-
Nagykun-Szolnok.

On 28 September 2019, the virus was found in dead wild boar in the Pest County, which previously
was considered as low-risk area. The cases were found in a fenced wild boar garden. The garden is
located under the Hungarian law in a forest with public access. Visitors are allowed to enter inside the
fenced boar garden, and Hungarian as well as foreign tourists thus visit the area. We assumed that
the virus entered the area via contaminated food waste.

On 9 December 2019, ASF was confirmed in dead wild boar in the high-risk area of B�ek�es County.
The most likely source of the infection was the natural spread of infected wild boar from Romania.

On 15 February 2020, ASF was confirmed in the Kom�arom-Esztergom County. The most likely
source of the infection was the natural spread of infected wild boar from the Pest County.

Up to the end of this reporting period, domestic pigs have not been affected in Hungary.

Figure 13: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Hungary up to 31 August 2020
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4.1.2.5.2. Specific prevention and control measures in Hungary

At the end of December 2019, the entire free area was declared as medium-risk area and there is
no low-risk area in the country since then.

On 6 March 2020, the Eradication Plan was modified. The main modifications were the following:

• The Game Management Units in the infected zones with secondary cases automatically should
become part of the strictly/highly restricted area (SRA).

• In the SRA only individual diagnostic shooting can be allowed.
• In the SRA dogs can only be used at small game group hunting.
• Fenced wild boar must be eliminated in the infected area within 6 months
• Wild boar population reduction with sampling ordered by the veterinary authority should be

performed at a level 150% of hunting year 2019–2020 for all age groups. If this target is not
met, external help can be used for diagnostic shooting

• Special equipment (thermal camera, silencer) can be approved by the leader of the National
Disease Control Centre for dedicated persons

• Home slaughter is to be notified in the SRA and infected area
• Before using grains as feed for pigs, these must be stored minimum 90 days in place

inaccessible to wild boar.
• A new definition for small scale non-commercial holdings has been established: a small-scale

non-commercial holding is a holding where no breeding pigs (sow or boar) are reared on the
holding and the pigs are fattened only for own consumption and the pigs and the products
thereof do not leave the holding.

4.1.2.5.3. Probable human mediated ASF spread in wild boar population (jumps-when evidence)

There is no direct proof of human-mediated spread, although it was assumed that the virus entered
the area in the Pest County via contaminated food waste as the place of the finding was in the low risk
area, about 72 km from the nearest wild boar case in Heves County and these were the first cases on
the west side of the Danube.
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4.1.2.6. Lithuania

4.1.2.6.1. Evolution of ASF epidemic in this reporting period in Lithuania

Figure 14: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Lithuania up to 31 August 2020
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In the period between 1 September 2019 and 31 August 2020, 306 affected wild boar have been
reported: 116 were found dead and 190 were hunted. The State Food and Veterinary Service of
Lithuania carries out inspections in all hunting grounds. Presumably, the improved biosecurity during
hunting is crucial and it helps to contain the disease in limited areas. The wild boar population has
substantially decreased in Lithuania (Figure 49).

From 1 September 2019 to 31 August 2020, the presence of ASF was confirmed in three farms:

• one in a commercial farm with 8,555 pigs.
• two in backyard farms with 8 pigs.

A substantial decrease in ASF outbreaks in domestic pigs was observed during this reporting period,
compared to the previous period, which was probably due to:

• the lower virus pressure from the environment, based on lower numbers of cases in wild boar
compared to the previous period.

• improvement of biosecurity.
• the reduction of the number of backyard farms (from 14,000 in 2017 to 7,700 in 2020)

4.1.2.6.2. Specific prevention and control measures in Lithuania

The surveillance in Lithuania is performed in line with the National Surveillance Plan and the
Strategic Approach to the Management of ASF for the EU:

• All backyard farms are inspected at least once per year. A special expert group performs
biosecurity inspections in commercial farms at least twice a year.

• Regular training courses are organised for pig keepers and hunters. The training courses cover
theoretical and practical topics with the demonstration of implementation of major biosecurity

Figure 15: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Lithuania up to 31 August 2020
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principals in pig farms. Official inspections of biosecurity requirements are regularly performed
on hunting grounds.

The completion of the Trade Control and Expert System (TRACES) of the European Commission
with trade data of the movements of pigs from one place to another was started, which helps to
ensure the traceability more effectively.

4.1.2.6.3. Most likely routes of introduction in domestic pig holdings

The investigations carried out on outbreak farms lead to the conclusion that the reasons of the
outbreaks in pig farms were related to the particularities of activities carried out on those farms, the
biosecurity infringements, and the increased risks for the introduction of ASF from environment. An
intensive spread of ASF in the wild boar population was recorded within a radius of 10 km around the
outbreaks in non-commercial farms in 2020 for several months.

The epidemiological investigations resulted in the identification of the following most likely sources
of infection:

• Not changing of clothes and footwear when entering the pig facilities.
• Owners of backyard farms visiting forests.
• Not fenced pig housing facilities.
• Storing other farm materials in pig housing facilities.

During epidemiological investigations it was determined that the human factor was the most likely
reason of virus introduction (builders, workers who do not oblige with biosecurity rules).

4.1.2.6.4. Probable human mediated ASF spread in wild boar population (jumps-when evidence)

No direct evidence of human mediated spread in wild boar could be provided.
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4.1.2.7. Latvia

4.1.2.7.1. Evolution of ASF epidemic in this reporting period in Latvia

Figure 16: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Latvia up to 31 August 2020
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In the reporting period, 14,974 hunted wild boar and 134 found dead wild boar (including four road
kills) were tested for the presence of ASFV. In total, 416 ASF wild boar cases (336 hunted and 80
found dead) have been confirmed. Only 35% of all ASF cases were confirmed as PCR positive, 98% of
which were located in the southwestern part of Latvia forming a cluster near the border with
Lithuania. This cluster is a frontline of the current epidemic wave that is still moving very slowly
towards the Baltic Sea. Only three ASFV (PCR)-positive cases were confirmed in the eastern part of
Latvia, where the disease was introduced in 2014.

Out of 336 cases in hunted wild boar, 270 (80%) only had seropositive results. All PCR-positive
cases (n = 66) in hunted wild boar were found in the western part of Latvia.

During this period, 3,246 domestic pigs have been tested in the frame of enhanced passive
surveillance, i.e. weekly testing of dead pigs. In July 2020, three ASF outbreaks in pig farms were
confirmed. Two out of three ASF outbreaks were detected by weekly testing of dead pigs. All three
ASF affected farms were located in the south-west of Latvia, where most of the ASF virus cases in wild
boar are clustered.

4.1.2.7.2. Specific prevention and control measures in Latvia

In order to improve passive surveillance system in wild boar, since July 2020 incentives are paid for
the notification of found dead wild boar.

4.1.2.7.3. Most likely routes of introduction in domestic pig holdings

In three ASF outbreaks, detected in July 2020, the most probable source of infection was indirect
contact with infected wild boar/contaminated environment.

Figure 17: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Latvia up to 31 August 2020
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4.1.2.7.4. Probable human mediated ASF spread in wild boar population (jumps-when evidence)

Not observed in Latvia since 2016.

4.1.2.7.5. Poland

4.1.2.7.6. Evolution of ASF epidemic in this reporting period in Poland

Figure 18: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Poland up to 31 August 2020
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In November 2019, the first case of ASF was identified in western Poland, in the Lubuskie
voivodeship. The virus was confirmed in a carcass of a wild boar killed in a traffic accident. After the
first confirmation of ASF in western Poland, the Polish Veterinary Inspectorate intensified an active and
passive surveillance in several neighbouring counties. The result of these activities was the
confirmation of ASF in 878 wild boar, killed or shot by the end of February 2020 in three voivodeships:
Lubuskie, Wielkopolskie and Dolno�slazskie. Until the end of August 2020, in total 4,361 wild boar found
dead and 755 hunted wild boar have been confirmed positive for ASFV. The highest number of ASF
cases has been found in the Warmi�nsko-Mazurskie, Lubuskie and Lubelskie voivodeships with 1924,
1334 and 859 positive wild boar, respectively. From the wild boar hunting bag data (data from
individual forest districts dated March 2019), the wild boar abundance is estimated to range from 0.27
to 0.52 wild boar per km2 in Western Poland. The prevalence of ASF in wild boar found dead in
western Poland, where the ASF epidemic in wild boar occurred, was at the level of approximately
80–100%. Figure 21 shows the newly affected area in western Poland with the location of confirmed
ASF cases.

Figure 19: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Poland up to 31 August 2020
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The current epidemiological situation in the domestic pig sector resulted in identification of in total
48 ASF outbreaks in domestic pigs which have been confirmed in 2019 and 94 outbreaks confirmed in
2020.

4.1.2.7.7. Specific prevention and control measures in Poland

At the beginning of the ASF epidemic in western Poland, fenced areas were established around 10
km of the recently confirmed ASF cases. The fence is 1.5 m tall with the mesh size of 10 cm. The
bottom part of the mesh (50 cm) is folded back and immobilised in the ground. Additionally, stations
with odour repellents have been installed. In the enhanced surveillance, the ad-hoc task forces
composed of shooters (police, army, border guards and state fire brigades) have been involved to
search for carcasses. These tasks aimed to identify wild boar carcass in the most effective way.

4.1.2.7.8. Most likely routes of introduction in domestic pig holdings

The most likely source of ASF introduction to pig farms during the reported period were ASFV-
contaminated crops, represented by hay, straw or grain harvested from the area where ASF spreads in

Figure 20: ASF-affected area in western Poland and the confirmed cases (red dots). The areas of
forests have been indicated in green. The region marked with red indicates the estimated
buffer zone (10 km) from the confirmed ASF cases
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the wild boar population. The contaminated agriculture equipment including harvesters or tractors
used at the ASF-affected territory could also be a source of ASF in domestic pig farms.

4.1.2.7.9. Probable human mediated ASF spread in wild boar population (jumps-when evidence)

The distance of the newly affected region in western Poland to the nearest ASF case in central
Poland was over 300 km. The potential spill over of ASF cases in western Poland was likely caused by
human-mediated spread. However, the true route of spread is impossible to determine. The study on
genetic identity of Polish ASFV isolates showed the similarity between isolates identified in southern
part of Mazovieckie voivodeship and isolates detected in western Poland (Mazur-Panasiuk et al. 2020).

4.1.2.8. Romania

4.1.2.8.1. Evolution of ASF epidemic in this reporting period in Romania

Figure 21: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Romania up to 31 August 2020
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The first half of this reporting period

In fall 2019, the number of ASF outbreaks in domestic pigs decreased, similar to the seasonal
pattern observed in 2018. Measures have been taken to demonstrate that there is no ASFV circulating
in the restricted areas and in areas where the outbreaks were resolved the restrictions have been
lifted. Regarding the evolution of ASF in wild boar, an increase in the number of confirmations during
the hunting season could be observed.

The second half of this reporting period

The number of outbreaks reported during the first three months of 2020 was considerably higher
than during the same period in 2019. On the other hand, the peak in July and August was flatter than
in the preceding years. This reduction of outbreaks in 2020 could be due to the restrictions imposed
during the state of emergency because of the Covid-19 pandemic, which demonstrates that human-
mediated spread is one of the main drivers for the spread of the disease.

4.1.2.8.2. Specific prevention and control measures in Romania

The main measures taken by the Veterinary Services that have led to a decrease in the number of
outbreaks are:

– the organisation of traffic controls by teams composed of representatives of the Sanitary
Veterinary and Food Safety Directorates, the County Police Inspectorates and the County
Inspectorates of Gendarmes to stop illegal movements of pigs and pork/products;

– advising pig farmers by private veterinarians on the biosecurity measures they must comply
with and the obligation to report any disease/death of the animals on the holding;

Figure 22: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Romania up to 31 August 2020
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– training of veterinarians within the Sanitary Veterinary and Food Safety Directorates, and
private veterinarians regarding the clinical picture and measures to be applied in case of ASF
outbreaks;

– updating and approving the plan of measures for the prevention and control of ASF in
domestic pigs and wild boar in each county’s Local Centers for Disease Control.

4.1.2.8.3. Most likely routes of introduction in domestic pig holdings

The epidemiological investigations carried out at the outbreak farms demonstrated that the most
likely causes of new outbreaks of ASF are the following:

– the purchase of pigs without sanitary-veterinary documents attesting their health status;
– illegal movement of pigs outside the protection and surveillance zones established around the

outbreaks (minimum 10 km), in accordance with the requirements of Directive 2002/60/EC;
– uncontrolled movements of pigs carried out by illegal traders of live animals;
– slaughtering sick pigs without the supervision of the official veterinarian and preservation of

the products derived from them, taking into account that scientific data have shown that the
virus persists in frozen/preserved products for years;

– illegal use of untreated food waste in pig feed;
– non-compliance with biosecurity measures, especially in backyard farms, but also in some

commercial holdings.

4.1.2.8.4. Probable human mediated ASF spread in wild boar population (jumps-when evidence)

Although evidence of specific cases of human-mediated spread of ASF in the wild boar population
cannot be provided, the continued spread of ASF in wild boar populations in Romania is likely linked to
the following aspects:

– failure to reduce the wild boar density according to prescribed hunting quotas,
– non-performance of passive surveillance, i.e. sufficient wild boar carcasses are not collected to

test them for ASF.

4.1.2.9. Russia

4.1.2.9.1. Evolution of ASF epidemic in this reporting period in Russia

During this reporting period, ASF occurred in the Russian Federation from the most western
Kaliningrad oblast to the Russian Far East. The virus has persisted as local epidemics in domestic pig
populations and wildlife in several previously affected regions in the central and southern European
part of the country (in some of them since 2008) and in the regions bordering with Kazakhstan,
Mongolia and China.
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In the past 2 years, many outbreaks have been reported in the most eastern oblasts of Russia,
mainly bordering the Chinese border.

Figure 23: ASF notifications in domestic pigs and wild boar from September 2019 to August 2020 in
Russia up to 31 August 2020
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Figure 24: Number of ASF outbreaks in domestic pigs and wild boar between 2007 and 2020 in Russia
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4.1.2.9.2. Specific prevention and control measures in Russia

No specific prevention and control measures have been implemented since 2011 to control the
spread of ASF in wild boar populations. The main measures are aimed at reducing the number of low
biosecurity pig farms (backyards and small holdings) and the wild boar density. Most low biosecurity
small farms were gradually eliminated. At the same time, the production of pork is growing due to
increasing number of industrial farm types.

To prevent the spread of ASF in wildlife, the Russian authorities recommended to maintain wild
boar density less than 2.5–5 wild boar per km2 for both affected regions and regions at risk.

4.1.2.9.3. Most likely routes of introduction in domestic pig holdings

Backyards, low biosecurity pig farms and free-ranging farms play a leading role in the spread of
ASFV (Figure 25). This was supported by a number of statistical models (Korennoy et al., 2014;
Vergne et al., 2014; 2017) where the density of pigs kept in the low biosecurity sector was found to
be strongly associated with the number of ASF outbreak reports.

4.1.2.9.4. Probable human mediated ASF spread in wild boar population (jumps-when evidence)

Since the first introduction of ASFV in Russia, ASF epidemics are characterised by distant jumps of
the infection most likely mediated by humans, followed by local epidemics in susceptible populations.
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Figure 25: Distribution of ASF affected pig holdings by size (A) and holding types (B)
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4.1.2.10. Slovakia

4.1.2.10.1. Evolution of ASF epidemic in this reporting period in Slovakia

Figure 26: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Slovakia up to 31 August 2020
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In this reporting period, ASF in wild boar has spread in the south east part of Slovakia and 32,087
hunted wild boar and 1,409 dead wild boar were tested for the presence of ASFV using PCR. The
percentage of PCR-positive hunted wild boar was 0.19% (61 positive samples) and 14.76% of dead
wild boar (208 positive samples). Serology was done by IPT test on 32,076 hunted wild boar (25
positive) and 738 wild boar found dead (9 positive). All ASF cases in wild boar are from six district
only. The districts with the largest numbers of positive animals are Trebi�sov (123), Ko�sice-okolie (109)
and Michalovce (33). There were two districts with just one ASFV positive animal, and one district with
just two positive animals. The disease was moving along the border with Hungary and Ukraine.

There was no ASF outbreak in domestic pigs from 19.8.2019 until 10.7.2020, when a new outbreak
in a backyard holding was confirmed. It was a small backyard holding 3 km from the Hungarian border
and 1.5 km from the Ukrainian border. In total, we recorded 14 new outbreaks in domestic pigs, 12 in
backyards holdings and two in commercial farms (together 601 pigs). All outbreaks are from two
districts: Trebi�sov and Ko�sice-okolie.

Outdoor keeping of pigs is not allowed in the whole territory of Slovakia.
In Slovakia, active and passive surveillance system has been in place for several years before the

first case in both wild boar and in domestic pigs was confirmed.
From 1 January 2020, caused by the development and spread of ASFV in Poland closer to the

Slovakian border, a new buffer zone near the Polish border has been defined to have an overview of
the situation in the northern part of country. For the time being, all results of laboratory investigation
originated from this region were negative.

4.1.2.10.2. Specific prevention and control measures in Slovakia

In the ASF-free areas, intensive wild boar hunting has been ordered and the hunters are motivated
to reduce the wild boar population through financial incentives. Financial support is provided for:

Figure 27: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Slovakia up to 31 August 2020

ASF epidemiological analysis in the EU

www.efsa.europa.eu/efsajournal 52 EFSA Journal 2021;19(5):6572



• hunting of adult female wild boar and female yearlings, after submitting of genital organs.
• hunted virologically positive wild boar regardless of age and weight and
• found dead virologically positive wild boar.

According to the hunters’ database, the total hunting bag for 2020 was 60,697 wild boar in
Slovakia. The hunting quota are considered to be minima and there are no administrative limitations to
exceed the number of hunted wild boar above those quota.

Moreover, the recommendation to stop pig breeding in infected areas and/or areas with high risk
(non-commercial holdings only) has been issued by the chief veterinary officer. District Veterinary and
Food Administration may decide to order temporary ban of breeding of pigs in backyard farms in
the municipalities of villages corresponding the hunting ground, where positive WB have been
confirmed and where the owner is not able to fulfil the biosecurity requirements preventing
introduction of the virus into the holding.

4.1.2.10.3. Most likely routes of introduction in domestic pig holdings

Following the epidemiological investigations, most outbreak farms were non-commercial farms with
poor level of biosecurity. Introduction through direct transmission has not been reported. However,
introduction of disease into the holding was likely via fomites.

4.1.2.10.4. Probable human mediated ASF spread in wild boar population (jumps-when evidence)

No direct evidence of human-mediated spread in wild boar could be provided.

4.1.2.11. Serbia

4.1.2.11.1. Evolution of ASF epidemic in this reporting period in Serbia

Figure 28: ASF outbreaks reported to the Animal Disease Notification System in domestic pigs since
the first introduction in Serbia up to 31 August 2020
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Despite the measures in the initially identified risk-zones near the bordering regions to Hungary,
Romania, Bulgaria, ASF was introduced in Serbia on 31 July 2019 in the in the central part of the
country in the Podunavska Oblast and the City of Belgrade. Thereafter, in total 37 outbreaks occurred
in domestic pigs until the 31 August 2020. The last outbreak occurred in the Srednjebanatski district,
close to the Romanian border. After applying appropriate measures and no further evidence of the
presence of ASF during the overall surveillance activities, the outbreaks were reported as resolved to
OIE in December 2020. In total, 634 pigs were destroyed in Serbia (including pre-emptive culling in
holdings with low biosecurity) in 47 holdings. Large commercial farms have not been affected.

The first appearance of ASF in found dead wild boar was confirmed on the 3 January 2020 in the
Pirotska district, near the Bulgarian border and the next day in the Borska oblast. So far, the presence
of the virus has been confirmed in three oblasts (Borska, Zaje�carska and Pirotska). The last case of
ASF in wild boar for the reporting period was officially confirmed in a dead wild boar in August in the
Pirotska Oblast, in the same area where the first one occurred. In total, 70 wild boar were found PCR
positive within the reporting period.

4.1.2.11.2. Specific prevention and control measures in Serbia

Every year, the surveillance programme in the domestic pig sector is updated according to the
epidemiological situation in Serbia, including intense active and passive surveillance activities. From 16
September to 1 December 2019, in total 347,535 questionnaires have been carried out on domestic
pig farms and 16,296 samples were taken from pigs to be tested for ASF. In the first semester of
2020, a total of 2377 samples were tested (PCR) without positive findings until the end of the
reporting period.

In 2019, a representative number (95% CI) of wild boar had to be examined for ASF and Classical
Swine Fever (CSF), especially in the period of intensive hunting (November–March). All dead wild boar

Figure 29: ASF cases reported to the Animal Disease Notification System in wild boar since the first
introduction in Serbia up to 31 August 2020
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or wild boar shot during ‘sanitary hunting’ (shooting because of the suspicion of possible disease) had
to be reported and tested for ASF and CSF. Legal hunting entities, i.e. hunting clubs, were obliged to
report hunting not later than 48 hours prior the hunting started, to organise veterinary inspection and
sampling at the time of hunting. The monitoring and surveillance plan was further extended to a wider
territory in Serbia, considered as high-risk areas, in 10 districts bordering to Hungary, Romania and
Bulgaria.

In 2020, all wild boar found during passive surveillance had to be tested by PCR and additional
serological testing in affected areas had to be carried out in parallel. To ensure continuity of
surveillance on ASF during the year, after the completion of intensive hunting, all wild boar that were
hunted during the off-season period had to be examined.

In hunting areas affected by ASF, all shot wild boar had to be examined during the duration of the
measures by PCR and if necessary serological testing, for at least 12-month period, except during the
hunting ban.

As a result of surveillance and diagnostics in wild boar, there were 1865 shot or found dead animals
tested in the first semester of 2020, without positive findings outside the affected area.

The most important measures implemented in the affected areas:

Hunting grounds:

1) Placing all hunting grounds under official supervision by the competent, authorised, official
veterinarian-veterinary inspector;

2) Temporary ban of hunting, except sanitary shooting and shooting for diagnostic purposes
under the control and by persons from the hunting and guarding service under the
supervision of the veterinary and hunting inspector and keeping prescribed records, for a
period of at least 30 days. After the 30 days of hunting prohibition have passed, intensive
hunting of wild pigs was carried out in order to reduce the population density, in accordance
with the epidemiological situation and risk analysis, under the control of the competent
veterinary and hunting authorities;

3) Control of the trading of meat, products and by-products originating from wild boar, which
may be a possible source and way of spreading the infection;

4) Continuous active surveillance in order to control the health status of wild boar and enhanced
passive surveillance in order to find the carcasses or sick wild boar;

5) Prohibition of entering the hunting ground to all persons except officially authorised
veterinarians and persons authorised by hunting entities.

Domestic pig holdings:

1) Pigs on the holding should be isolated from feral pigs and must not have access to any
material that may have come in contact with feral pigs/wild boar.

2) Prohibition of entry and exit of domestic pigs to and from the holding without the approval of
the veterinary inspector, taking into account the epidemiological situation;

3) Clinical examination and diagnostic testing on the holding of all dead pigs or pigs showing
clinical signs of ASF;

4) Preventive killing or slaughtering of domestic pigs in all low-level biosecurity holdings based
on a risk analysis and a ban on repopulation of pigs on these holdings.

5) Establishment of disinfection barriers using appropriate disinfectants at the entrances and
exits of buildings and farms and, if necessary, disinfection of premises;

6) The implementation of appropriate hygiene and biosecurity measures by persons coming into
contact with feral pigs/wild boar to reduce the risk of the spread of ASFV;

7) Prohibition of the introduction into the holding of organs or tissues of wild boar, whether shot
or found dead, as well as accessories or equipment which could be contaminated with the
ASFV;

8) Control of the movement of pigs, pig meat and products and by-products from pigs, feed,
semen, ova or embryos of pigs from holdings in the infected area;

9) Temporary prohibition of organising fairs, exhibitions, livestock markets and other gathering of
pigs.
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Measures implemented in additional intensive hunting area (buffer zone)

Hunting grounds:

1) Intensive shooting of wild boar in order to reduce their numbers in the hunting area, in
accordance with the epidemiological situation and risk analysis, under the control of the
competent veterinary and hunting inspector, in accordance with regulations and acts in the
field of hunting and veterinary matters;

2) Prohibition of bringing pork into the hunting grounds, not intended for human consumption,
which does not originate from the approved selections and is not in the original packaging.

Domestic pig holdings:

1) Prohibition on outdoor keeping and releasing domestic pigs on the open area;
2) Installation of barriers with cleaners and disinfectants at the entrance to the farm. Vehicles

are forbidden from entering and cleaning equipment that has not been cleaned, washed and
disinfected in an economically efficient manner;

3) Prohibition of unauthorised access to the pig farms, proper storage of equipment, food and
material;

4) Prohibition on the bringing of pork, offal, by-products and by-products originated from wild
boar or domestic pigs killed or slaughtered on other holdings.

4.1.2.11.3. Most likely routes of introduction into domestic pig holdings

Taking into account the fact that ASF was circulating in the wild boar population in the Pirotska and
Borska oblasts, as well as the extensive way of keeping pigs in the area with low levels of biosecurity,
it was expected that the disease would be transmitted to domestic pigs in backyard farms.

Although wild boar hunting was banned in the infected area, to avoid further possible spread by
hunters, and direct contact between pigs and wild boar could not be excluded, considering the location
of the outbreak in the vicinity of wild boar carcasses, human mediated spread seems to be the most
likely source of introduction.

Preventive depopulation of domestic pigs in holding in the infected hunting ground in Pirotska and
Borska oblasts slowed the spread of the disease, but it could not prevent the virus to be continuously
present in the environment. The consequent occurrence of ASF in domestic pigs was subsequently
confirmed in the surrounding area with a higher density of small farms, but the disease did not spread
to commercial farms or outside the affected hunting grounds.

4.1.2.11.4. Probable human-mediated ASF spread in wild boar population

Based on the fact that ASF in wild boar was initially confirmed in the Borska and Pirotska oblasts,
two locations without epidemiological connection, in the same period, the possible sources of
introduction of ASF in those areas should be analysed separately.

When it comes to the occurrence of ASF in wild boar in Borska oblast, although the location of the
first positive case in the municipality of Kladovo was near the border with Romania, as the closest
affected area, the width of the Danube represents a significant physical barrier that is hard to ignore in
assessing the possible spread of diseases by the natural way. In addition, the common habits of the
local population and the natural connection of people on both sides of the border, highly increase the
probability of human involvement in the introduction of the virus.

However, for the appearance of ASF in the Pirotska oblast, there were no indications that indicate a
role of humans in the spread of the disease, although this option can never be ruled out. The hunting
area where the virus was first confirmed in a wild boar carcass is considered as a natural habitat of
wild boar (part of Stara Planina mountain) and geographically connected with an area of the same
characteristics in the border zone to Bulgaria. Furthermore, a natural migration routes are accelerated
by the appearance of large fires that occurred in the border area in late autumn 2019 due to unusually
high temperatures and strong wind which seems to be most likely as predisposing factor for the rapid
movement of the wild boar population. This theory is supported by the fact that some carcasses were
found on bare areas outside the forest vegetation which is a rather unnatural phenomenon.

In general, the problem of ASF control in the wild boar population in Serbia is reflected in lack of
professional hunters and people employed or engaged in supervising and carcass searching activities in
hunting grounds. In the large hunting area, the possibility of finding carcasses is low and so is early
detection of the disease. For this reason, in certain parts of the hunting grounds in the infected zone,
restrictive measures of prohibiting group/driven hunting are still in force in order to reduce the human
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contact with the virus. However, this also limits the access to important epidemiological parameters to
assess the epidemiological situation in real time.

4.1.3. Time profile of proportions of positive samples tested with Ab ELISA or
PCR in wild boar hunted and found dead

Figures 30A–37A show the observed proportions of positive samples of wild boar found dead,
tested by PCR and by Ab ELISA. Only samples tested since 2016 are shown. Figures 30B37B show the
same proportions, but only from the hunted wild boar. As for the previous reporting period, in the
affected areas, the proportion of wild boar found dead testing positive with PCR has always been
much higher than the proportions testing positive to Ab ELISA. Further, no general increase in the
proportion of seropositives over time can be observed.

Similarly, Figure 38 shows the proportion of ASFV-positive samples (by Ab ELISA and PCR) over the
tested samples from all domestic pigs in the ASF-affected areas of Lithuania (A), Poland (B) and
Romania (C) for the period from 1 January 2016 to 31 August 2020, which is investigated further in
Section 4.1.4.

4.1.3.1. Wild boar

Figure 30: Proportion of ASFV-positive samples (only by PCR) over the tested samples from wild boar
found dead (A) and from hunted wild boar (B) in the ASF-affected areas of Belgium
(1 January 2016–31 August 2020)

Figure 31: Proportion of ASFV-positive samples (by Ab ELISA and PCR) over the tested samples from
all wild boar found dead (A) and from hunted wild boar (B) in the ASF-affected areas of
Czechia (1 January 2016–31 August 2020)
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Figure 32: Proportion of ASFV-positive samples (by Ab ELISA and PCR) over the tested samples from
all wild boar found dead (A) and from hunted wild boar (B) in the ASF-affected areas of
Estonia (1 January 2016–31 August 2020)

Figure 33: Proportion of ASFV-positive samples (only by PCR) over the tested samples from all wild
boar found dead (A) and from hunted wild boar (B) in the ASF-affected areas of Hungary
(1 January 2016–31 August 2020)

Figure 34: Proportion of ASFV-positive samples (by Ab ELISA and PCR) over the tested samples from
all wild boar found dead (A) and from hunted wild boar (B) in the ASF-affected areas of
Lithuania (1 January 2016–31 August 2020)
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Figure 36: Proportion of ASFV-positive samples (by Ab ELISA and PCR) over the tested samples from
all wild boar found dead (A) and from hunted wild boar (B) in the ASF-affected areas of
Poland (1 January 2016–31 August 2020)

Figure 35: Proportion of ASFV-positive samples (by Ab ELISA and PCR) over the tested samples from
all wild boar found dead (A) and from hunted wild boar (B) in the ASF-affected areas of
Latvia (1 January 2016–31 August 2020)

Figure 37: Proportion of ASFV-positive samples (by Ab ELISA and PCR) over the tested samples from
all wild boar found dead (A) and from hunted wild boar (B) in the ASF-affected areas of
Romania (1 January 2016–31 December 2019)

ASF epidemiological analysis in the EU

www.efsa.europa.eu/efsajournal 59 EFSA Journal 2021;19(5):6572



4.1.3.2. Domestic pigs

Figure 38: Proportion of ASFV-positive samples (by Ab ELISA and PCR) over the tested samples from
all domestic pigs in the ASF-affected areas of Lithuania (1 January 2016–31 August 2020)
(A), Poland (1 January 2016–31 August 2020) (B) and Romania (1 January 2016–31
December 2019) (c) (a)
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4.1.4. Seasonality of African swine fever outbreaks and cases

4.1.4.1. Seasonality of proportions of tested samples testing PCR-positive

Figure 39: Proportion of domestic pigs testing positive to ASF (PCR) in Lithuania (A), Poland (B) and
Romania (C) by calendar month, date and region
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Figures 40–46 show the proportions of PCR-positive wild boar found dead or hunted in the
affected MS. In hunted animals, the proportions of PCR-positive samples remain low throughout the
year without visible seasonal patterns, with the exception of Czechia that seems to have an increase in
proportion of PCR-positive samples in winter. The latter is probably due to the short period that wild
boar were infected in Czechia, and therefore, the Czech data are less suitable to observe seasonality.

On the other hand, there is a clear seasonality in the proportions of PCR-positive samples taken
from wild boar found dead, although the patterns are slightly different for the different MS. This
pattern is not synchronised with the seasonal pattern observed in samples taken from domestic pigs,
displayed in Figure 39, where a clear peak of proportions PCR-positive samples between May and
September is observed in Lithuania, Poland and Romania, whereas in wild boar found dead, the
proportions clearly decline during the same period, to then increase during the colder months of the
year. The cause of the decline of positive proportions of wild boar found dead in summer is not known.
It could be due to the shorter survival time of the virus in carcasses, or a higher baseline mortality in
summer of piglets. Also, the exact cause of the summer peak in the incidence of outbreaks in domestic
pig holdings is not known. It could be related to a peak of activities that are intrinsic to the pig
husbandry system or other human related activities that are more abundant in summer. Also,
mechanic transmission by vectors would potentially lead to a summer incidence peak of ASF outbreaks
(see Section 4.2.1 on the outcomes of the literature review for risk factors for the occurrence of ASF in
domestic pigs and wild boar).

Figure 40: Proportion of wild boar testing positive to ASF (PCR) in Belgium by calendar month, date
and region for animals found dead (left) or hunted (right)
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Figure 41: Proportion of wild boar testing positive to ASF (PCR) in Czechia by calendar month, date
and region for animals found dead (left) or hunted (right)

Figure 42: Proportion of wild boar testing positive to ASF (PCR) in Estonia by calendar month, date
and region for animals found dead (left) or hunted (right)
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Figure 43: Proportion of wild boar testing positive to ASF (PCR) in Hungary by calendar month, date
and region for animals found dead (left) or hunted (right)

Figure 44: Proportion of wild boar testing positive to ASF (PCR) in Lithuania by calendar month, date
and region for animals found dead (left) or hunted (right)
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Figure 45: Proportion of wild boar testing positive to ASF (PCR) in Latvia by calendar month, date
and region for animals found dead (left) or hunted (right)

Figure 46: Proportion of wild boar testing positive to ASF (PCR) in Poland by calendar month, date
and region for animals found dead (left) or hunted (right)

ASF epidemiological analysis in the EU

www.efsa.europa.eu/efsajournal 65 EFSA Journal 2021;19(5):6572



4.1.5. Annual wild boar hunting harvest in ASF-affected countries

Figure 49 shows the evolution of the annual number of wild boar that were hunted in the Baltic
States in the last two decades. The number of wild boar that were hunted in the Baltic States declined
rapidly since the introduction of ASF, ranging from 30,000 to 50,000 wild boar in 2014 to between
5,000 and 15,000 wild boar in 2019.

Figure 47: Proportion of wild boar testing positive to ASF (PCR) in Romania by calendar month, date
and region for animals found dead (left) or hunted (right)

Figure 48: Proportion of wild boar testing positive to ASF (PCR) in Slovakia by calendar month, for
animals found dead (left) or hunted (right)
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Figure 49: Annual number of hunted wild boar in the ASF-affected the Baltic States in the last two
decades
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Figure 50: Annual number of hunted wild boar in several EU Member States affected by ASF in the
last decades
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Figure 50 shows the evolution of the number of wild boar that were hunted in the all the other
affected countries in the last 2 decennia (up to 2019). Contrary to the decline observed in the Baltic
States, the clear decline in the wild boar populations could not be observed in the other affected
countries when data are aggregated on a country level. This was either because the epidemic lasted
relatively a short time in some countries (e.g. BE and CZ), or it affected only a limited part of the
country’s wild boar population (e.g. Hu, PL or SI). The hunting was perhaps also intensified in the
ASF-free areas of the affected MS, and this increased temporarily the hunting bag of the affected
country.

4.1.6. Secondary cases network

Several studies have estimated the reproduction number (R0) in different countries affected with
ASFV genotype II. In Russia, the R0 was estimated to be 1.58 (95%CI 1.13–3.77) (Iglesias et al.
2016), in Czechia 1.95 (Marcon et al., 2019), and in Belgium 1.65 (Marcon et al., 2019). In Sardinia,
the R0 estimates in different subregions for ASFV genotype I were estimated to be minimum 1.12
(95% CI: 1.10–1.15) and maximum 1.17 (95% CI: 1.01–1.33) (Loi et al., 2020). The reproduction
numbers estimated in these studies were calculated for a particular period in the epidemic and do not
completely allow comparing the initial and later stages of epidemic.

The purpose of this investigation was to evaluate if there was a development in the numbers of
notifications that could be classified as secondary cases to a single-source case and to compare this
for the beginning of the epidemic and the ongoing reporting period. Although this average number of
notifications that could be classified as secondary cases (means of bootstraps calculated with a
network analysis) is not to be confused with the actual reproduction number, it can be considered as a
proxy for the extent of spread in the evaluated time period, and it therefore allows comparison
between periods in the epidemic. This can be useful to help understanding the evolution of epidemic,
i.e. if it is still in the expanding phase, or if it is rather fading out.

Except for Belgium and Czechia, probably due to the smaller sample size due to the limited spread
and subsequent eradication of ASF the after focal introduction, the average number of notifications
classified as potential secondary cases calculated for a single source (ASF case in wild boar) were of
similar order of magnitude. They are provided in Table 5.

As can be seen in Table 5, in seven out of 10 MS the average number of notifications classified as
potential secondary cases declined when comparing the first year after introduction with the number
estimated in the year before the last notification of a ASF case in wild boar in this reporting period. In
Bulgaria, Poland and Slovakia; however, the average number of notifications classified as potential

Table 5: Average number of notifications classified as potential secondary cases per source case in
wild boar in the affected EU Member States

Country
Date first
notification

Average number of
potential secondary

cases in the year after
the first notification

(95%CI)

Date last notification
in epidemic (in the
reporting period or

in the country)

Average number of
potential secondary cases
in the year before the last
notification (date last case

in epidemic, or in the
reporting period)

Latvia 26/6/2014 2.01 (1.84–2.17) 31/8/2020 1.78 (1.63–1.93)

Lithuania 24/1/2014 2.00 (1.65–2.42) 31/8/2020 1.83 (1.69–1.98)
Belgium 24/1/2014 4.41 (4.12–4.72) 28/10/2019 3.11 (2.75–3.48)

Ukraine 5/2/2017 1.72 (1.38–2.10) 4/2/2020 ND
Hungary 21/4/2018 3.15 (2.94–3.40) 31/8/2020 3.08 (2.97–3.17)

Czechia 26/6/2017 6.33 (5.69–6.95) 19/4/2018 1.93 (1.46–2.46)
Estonia 8/9/2014 3.5 (3.09–3.96) 28/8/2020 1.63 (1.33–1.97)

Bulgaria 23/10/2018 1.73 (1.48–2.01) 31/8/2020 1.87 (1.75–1.99)
Romania 29/5/2018 2.14 (1.98–2.29) 31/8/2020 2.00 (1.89–2.10)

Poland 29/5/2018 1.65 (1.30–2.04) 31/8/2020 2.45 (3.39–2.52)

Slovakia 8/8/2019 2.00 (1.5–2.5) 31/8/2020 2.36 (2.08–2.65)

ND: no sufficient data available for network analysis; 95%CI: 95% CI.
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secondary cases per source case has increased in the year before the last notification suggesting an
increased extent of spread.

Figures 51–52 display the frequencies of notifications classified as potential secondary cases,
caused by a single source case, obtained by bootstrapping in Estonia and Bulgaria.
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Figure 51: Frequencies of potential secondary cases caused by a single source case in Estonia, obtained by bootstrapping

Figure 52: The frequencies of potential secondary cases caused by a single source case in Bulgaria, obtained by bootstrapping
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4.2. Risk factor analysis –TOR 2

4.2.1. Update from narrative literature review

Since the introduction of ASF in Georgia in 2007, the ASF epidemic has insidiously and progressively
extended across the European continent, eventually reaching the EU in 2014. Whilst in the Baltic
countries the virus has mainly been detected in wild boar and only sporadically in domestic pigs, in
Romania and Poland the domestic pig population has been largely affected (ADNS). The increased
number of ASF outbreaks in Romanian domestic pig holdings provided an opportunity to investigate
risk factors for the pig sector, but field evidence is still scarce, especially with regards to specific
introduction routes in the holdings. Conversely, analyses of wild boar surveillance data from Baltic
countries and Poland have contributed to a better understanding of the disease dynamics in the wild
host.

The scope of this narrative literature review was research focused on risk factor analysis for the
occurrence of ASF in Europe, from 2014 onwards. Research results were grouped into: (1) field studies
(with varying objective and degrees of robustness depending on study design and sample size) and (2)
studies based on modelling surveillance data (with different degrees of data granularity).

4.2.1.1. Evidence from field studies

With regard to risk factors in the domestic pig sector, wild boar vicinity has been implicated as a
risk factor in four field studies, but the definitive route of viral introduction has not been identified in
any instance (Nurmoja et al., 2018; Zani et al., 2019; Boklund et al., 2020; Lamberga et al., 2020). In
Estonia, wild boar presence was detected within 15 km radius in 88% of the 26 outbreaks that
occurred in commercial and backyard pig farms. The results suggested that indirect transmission due
to insufficient biosecurity was the most likely source (Nurmoja et al., 2018). Similarly, results from
outbreak investigations in two large commercial farms in Latvia could not identify the definitive cause
of viral introduction, although both farms were located in areas with wild boar presence, with one wild
boar case being detected only 3 km away from the farm (Lamberga et al., 2020). Wild boar cases
were detected shortly after the first outbreak in a Bulgarian backyard farm, and contaminated material
was the most likely source of viral introduction in the holding. Nonetheless, the specific routes of
introduction remained speculative (Zani et al., 2019). In Latvia, it was suggested that feeding backyard
pigs with contaminated fodder was directly related to the outbreaks in those units, although this has
not been proven and swill feeding as a source could not be excluded (Olsevskis et al., 2016).

A field study carried out in Romania succeeded in identifying additional management variables
related to ASF incursion, with wild boar presence in the vicinity being one of the risk factors for
backyard farms (Boklund et al., 2020). A matched case–control study involving 655 domestic farms
studied potential risk factors in backyard and commercial holdings (Boklund et al., 2020). For
commercial farms, the only risk factor identified as relevant was the proximity to an ASF outbreak in a
nearby domestic pig farm; but the lack of identification of additional risk factors could result from a
low number of commercial farms enrolled in the study. Information on biosecurity levels was not
available for every holding, and therefore, inferences on the impact of this variable were also limited.
For backyard farms, a larger herd size, a higher number of outbreaks in domestic holdings in the
vicinity of the farm (2 km radius) and abundance of wild boar in the surroundings were identified as
risk factors for ASF. The risk of ASF was also higher in backyard farms surrounded by crops that were
attractive to wild boar, and if the forage used on farm to feed the pigs was grown in ASF affected
areas (Boklund et al., 2020). Additionally, a greater number of visits from professionals during the
high-risk period increased the likelihood of an ASF outbreak in a backyard farm. The same risk factor
(i.e. entrance of visitors on the farm) had been previously identified as the most likely cause for ASF
secondary outbreaks in a study conducted in 32 Latvian holdings (Olsevskis et al., 2016; Bellini et al.,
2021). These data confirm that thorough biosecurity in pig holdings remains essential.

Recently, field studies have also focused on the specific role of infected carcasses on ASF spread
and persistence in the environment. A study in Lithuania investigated wild boar behaviour towards
domestic pig carcasses intentionally disposed in the forest (Masiulis et al., 2019). The authors
observed that contacts occurred only rarely and that wild boars were more interested in the soil
underneath and in the vicinity of the carcass than on the carcass itself (Masiulis et al., 2019). To
investigate viral persistence of ASFV in soil and buried wild boar carcasses another study estimated
viral presence in carcasses unburied at different times; with all carcasses buried for at least one
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summer period (Zani et al., 2019). Whilst ASFV genome could be detected in seventeen out of twenty
burial sites, ASFV could not be isolated in any of the instances, including in the soil. These results
suggested that buried carcasses were unlikely to be involved in long-term survival of ASFV in the
environment (Zani et al., 2019). These data appear to be in agreement with an experimental study
revealing that no ASFV infectiousness could be detected in carcasses stored at room temperature after
one week (Fischer et al., 2020). ASFV isolates were, however, detected in muscle, spleen and bones
for several months in carcasses that were stored at lower temperatures (4°C and –20°C) (Fischer
et al., 2020). A separate study tested the hypothesis that other scavenger species (such as birds,
raccoons, marten and fox) could be involved in ASF spread; it was concluded that the role of these
species was likely to be minor or non-existent and that they could even contribute to reducing viral
persistence by metabolising infected carcasses (Probst et al., 2020).

4.2.1.2. Evidence from modelling surveillance data

Domestic pigs

Other studies have looked at the probability of ASF occurrence in the domestic pig sector at the
geographical unit level (rather than farm level), and its relationship with geographical, human-related
factors, as well as general pig management factors. A study in Sardinia, Italy, an ASF endemic
territory, indicated that the likelihood of ASF presence in a ‘commune’ (i.e. the smallest administrative
unit) was shown to increase with a larger number of backyard farms, higher road density, higher mean
altitude, a larger number of outdoor fattening farms and a larger number of pigs per administrative
level area (Mart�ınez-L�opez et al., 2015). The same study showed that, in contrast, the presence of
farms with at least one annual census was a protective factor, suggesting that unsupervised farms
without veterinarian authority visits were a risk for ASF occurrence. Indeed, the illegal trade of pigs
and pig products was demonstrated to be a likely factor in the maintenance of ASF on the island (Mur
et al., 2016) and the involvement of wild boar in disease spread is probably limited (Bellini et al., 2016;
Loi et al., 2020), with the local, free-ranging, illegal pig population representing the most likely true
reservoir (Loi et al., 2020). Socio-economic factors were also demonstrated to play an important role
on ASF occurrence in Sardinia (Loi et al., 2019), with the risk of an ASF outbreak increasing four-fold
in economically and materially deprived areas of the island (Cappai et al., 2018). It is still unclear,
however, how much of these results can be extrapolated to other areas of Europe given the special
characteristics of pig production in Sardinia and the important role of free-range pigs in maintaining
the disease in the area.

Wild boar populations

An analysis of ASF test results of wild boar found dead or hunted allowed to explore individual
(age), population-level (density) and ecological (season) factors potentially related to the probability of
detection of an ASF case in a wild host. Wild boar surveillance data from Estonia and Latvia indicated
that the probability of detecting a wild boar testing positive for ASF (ASFV genome or serology) was
significantly higher in younger animals (Nurmoja et al., 2018, Schulz et al., 2019). This contrasted,
however, with results from an experimental study, in which no age-dependent susceptibility could be
observed (Pietschmann et al., 2015). At the population level, a higher wild boar density was correlated
with a higher probability of a case detection (Nurmoja et al., 2018; EFSA, 2019).

Environmental parameters can also influence the probability of detecting ASF cases in an area, due
to their influence on the easiness of finding the carcasses. The probability of finding a positive wild
boar was greater in winter (at least 4.5 times higher) rather than in summer, possibly due to forest
coverage that hampered carcass identification in Poland (Frant et al., 2021). A field study in the Czech
Republic concluded that carcasses were more likely to be found in younger forests (less than 40 years
of age); on meadows, infected wild boar carcasses were more often found in a higher herb layer
compared to non-infected individuals. Infected carcases were more frequently found in locations
distant from roads and forest edges (Cukor et al., 2020). Such information can help refining passive
surveillance efforts.
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4.2.2. Risk factors for the occurrence of ASF in the different counties of Romania
analysed with BYM model

Domestic pigs

Figure 53 displays the probability to obtain a PCR-positive test result in samples taken from wild
boar shot or found dead in each of the different countries of Romania, from 2017 to 2019 as
generated by the BYM model.

Only the Human Footprint Index was kept as a significant covariate after stepwise elimination of
non-significant parameters on NUTS 3 level (Table 6). In addition, as can be observed in Figure 53 as
well, it was clearly more likely to observe a positive result in 2018 and 2019 compared to 2017. The
human footprint index is a measure for the cumulative human pressure on the environment and it is
measured using eight variables including built-up environments, population density, electric power
infrastructure, crop lands, pasture lands, roads, railways, and navigable waterways. As the human-
mediated transmission, especially in backyard farms, has been reported to play an important role in
the spread of the disease in the domestic pig sector (EFSA, 2020). To obtain more meaningful results,
it would be necessary to collect systematically more detailed information on the potential covariates,
such as detailed georeferenced pig population data. In addition, pig surveillance data should be either
georeferenced, or linked to pig farms identification, so they could be georeferenced indirectly.

Figure 53: Average probability to get a PCR-positive test result in samples from domestic pig in the
different countries of Romania, from 2017 to 2019

Table 6: Outcomes of Bayesian Hierarchical model after stepwise elimination of non-significant
variables

Odds ratio 0.025 quantile 0.975 quantile

Effect year 2018 89.12 2.60 6.92

Effect year 2019 1236.45 4.93 9.86

Human footprint index 4.3�11 –38.16 –11.36

ASF epidemiological analysis in the EU

www.efsa.europa.eu/efsajournal 73 EFSA Journal 2021;19(5):6572



Wild boar

Stepwise elimination of non-significant parameters on NUTS 3 level did not retain any of the
analysed potential risk factors as significant covariate for the occurrence of ASF in the wild boar
populations, when using the BYM model. As for the domestic pigs, the analysis on a spatial level as
large as NUTs 3 was probably not detailed enough to come up with any meaningful results.

4.2.3. Risk factors for the occurrence of ASF in wild boar the different hunting
grounds of Romania, analysis with Generalised Linear model

Figure 54 shows the proportion of ASF PCR positive reported per hunting ground (HG) region in
2019. It should be highlighted that for the majority of HG region the proportion of PCR-positive
findings is zero and only around the borders with other countries are the proportions larger than 0.4,
while in the centre of the country the proportions reported are below 0.4, and mostly zero.

A generalised linear model was used to estimate the probability to observe ASF PCR-positive results
in a hunting ground (Table 7) based on the set of based on a set of potential covariates. Covariates
with a Variance Inflation Factor (VIF) > 5 were excluded from analysis due to collinearity (Section 2.4).
The final model obtained when using backward selection procedure is presented below.

Figure 54: Proportion of ASF PCR positive reported per hunting ground (HG) region in 2019 in
Romania
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After discarding many variables due to multicollinearity issues, the generalised linear model found
that the probability to find at least one PCR-confirmed ASF case in wild boar in a hunting ground was
mainly influenced by environmental factors, wild boar abundance (WBDNS), and the density of
backyard pigs in the hunting ground (BYPigsDNS). Environmental variables influencing ASF presence/
absence in wild boar included those driving wild boar distribution or carcass detectability (negative
vegetation growth, tree/shrub cover) and the human footprint index of the area (urban cover).

Variables included in the model correlate with other relevant risk factors. Wild boar abundance,
estimated based on the hunting bag per km2 (WBDNS), correlates with the number of feeders. The
number of backyard pigs correlates with the number of backyard farms.

The probability to find at least one PCR-confirmed ASF case in wild boar in a hunting ground is
mainly driven by environmental factors, wild boar abundance, and backyard pigs. Hunting-related
variables such as the number of hunters, hunting days, and dogs, were not selected by the model. It
was observed that wild boar abundance is correlated with the number of feeders per hunting ground,
possibly suggesting that reducing wild boar feeding could be helpful in wild boar population control.
The possible interference of wild boar feeding with ASF control, due to the higher underlying host
density and longer breeding season associated with supplementary feeding, had previously been
suggested by models (O’Neill et al. 2020). This field deserves more research once sufficiently detailed
data on the possible covariates (environmental data, hunting modalities and related to pig production)
of several years become available.

4.3. Evaluation of measures applied in ASF free areas adjacent to
affected wild boar areas

The effectiveness of control measures applied in situations with ongoing epidemic spread of ASF in
wild boar has repeatedly been investigated by EFSA, using spatially explicit modelling. The particular
interest was on the efficacy of measures foreseen to protect the region adjacent to (EFSA, 2015,
2017) or surrounding (EFSA, 2018) the area affected by circulating ASF infection. With these models,
the effectiveness was reported also for the intensity of depopulation measures (removal of animals
through culling or trapping) and removal of carcasses in areas adjacent to the affected areas (the
‘white zones’). Moreover, adequate spatial dimensions of white zones in different epidemiological
settings have been made available (Lange, 2015; Thulke and Lange, 2017; Lange et al., 2018). The
following section provides the data available of historic white zones in different MS together with the
measures applied and possible population reduction targets. Thereafter, the model results provide an
evaluation of the particular white zones using multiple stochastic repetitions and sensitivity
investigations regarding uncertain quantitative parameterisation of the WZ measures.

4.3.1. Description of White Zones

Table 8 summarises a description of the measures implemented in four white zones scenes, that
will form the basis of the evaluation carried out by the stochastic model. The results will be provided in
Section 4.3.2.

Table 7: Results of Generalised Linear Model to estimate the probability to observe a PCR-positive
results in Romanian hunting grounds based on analysis a set of potential covariates

Risk factor Abbreviation Odds ratio
0.025

quantile
0.975 quantile

p Wald
test

Wild boar density WBDNS 8.10 1.37 47.93 0.021

Density of pigs from backyard
farms/km2

BYPigDNS 61,613.37 0.86 4,401,748,956.56 0.053

Length of vegetation growing period Growth 0.0025 0 0.05 < 0.001

Percentage of the area that is
covered by trees and shrubs

TreeShrub 11.07 1.79 68.47 0.01

Percentage of the surface occupied
by urbanised areas

Urban 313.88 8.25 11,942.64 0.00
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Table 8: Description of white zones and the control measures implemented

White zone Fence Depopulation measures

France Description fence Description
measures

Start date End date No. wild
boar
killed

No. wild
boar
killed/
km2

• Surface: 1,035 km
2 (observation zone

732 km2 + the white zone
300 km2)

• Event leading to establishment:
introduction ASF in Belgium on
13/9/2018

• Initial wild boar density: 2.9 WB/km
2

• Type: electric
• Date construction: October 2018
• Buried: 40–50 cm
• Height: 1.2 m
• Distance between posts: 10–50 m

Culling:
• Target: 100%

reduction
• Drive hunts,

without dogs
and single
hunting

19/10/2018 At least up to
31/8/2020
(end of
reporting
period)

963 3.21

• Type: metallic
• Date construction: January 2019
• Buried: 0.5 m
• Height:1.5 m

In case of road intersections, a 100 m
length return on each part of the road has
been installed. Cattle grid and opening
barriers were installed to access fields.

Carcass removal 19/10/2018 At least up to
31/8/2020
(end of
reporting
period)

NA NA

Figure 55: White zone in France
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Luxembourg Description fence Description
measures

Start date End date No. wild
boar
killed

No. wild
boar
killed/
km2

• Surface: 3 km
2

• Event leading to establishment:
introduction ASF in Belgium on
13/9/2018

• Initial wild boar density: 3 WB/km
2

• Type: metallic
• Length: 10 km
• Date construction: March 2019
• Metal poles, hard wire fence as well as

anchors to fix the fence to the ground
between each pole

Culling:
• Target: 100%

reduction
• Culling all year

and in the
night with
night vision
device

• Trapping

May 2019 At least up to
31/8/2020
(end of
reporting
period)

55 18.3

Carcass removal May 2019 At least up to
31/8/2020
(end of
reporting
period)

3 1

Figure 56: White zone in Luxembourg

Figure 57: Fence bordering white zone in
Luxembourg
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Estonia Fence Depopulation
measures

Start date End date No. wild
boar
killed

No. wild
boar
killed/
km2

• Surface: 575 km
2

• Event leading to establishment:
Notification in adjacent unit on
9/10/2014

• Initial wild boar density: 1.5 WB/km
2

None Hunting
• Normal hunting

9/10/2014 31/08/2015 136 0.1

Carcass removal
• Not performed

9/10/2014 31/08/2015 0 0

Figure 58: White zone in Estonia
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Latvia Fence Depopulation
measures

Start date End date Total
killed

Total/
km2

• Surface: 5,754 km
2

• Event leading to establishment:
Notification in adjacent unit on
12/8/2016

• Initial wild boar density: 1.0–2.0
WB/km

2

None Hunting
• Target: Density

less than 0.5
WB/km

2 within
2 years

• Selective hunting on
female wild boar

12.08.2016 23.10.2016 26 0.1

Carcass removal
• Performed

12.08.2016 23.10.2016 10 0

Figure 59: Latvian white zone
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Czechia Fence Depopulation
measures

Start date
measure

End date
measure

No. wild
boar
killed

No. wild
boar
killed/
km2

• Infected area (= highest risk area +
high risk area) Surface: 160 km

2

• Event leading to establishment:
confirmation of ASF on 26/6/2017

• No population control measures until
Sep 2017

• Initial wild boar density: up 4 WB/km
2

• Type: Electrical + odour repellent
• Buried: no
• Height: 73 cm
• Mesh size: three point of contact at 22

cm, 41 cm and 63 cm.
• Length: Odour fence: 40 km, electrical

fence: 15 km
• Odour: Synthetic foam with

3-Methylbutanoic acid (isovalerianic
acid), imitation of typical predator
smell/odour (strong pungent cheesy or
sweet smell) with slow evaporation (4
weeks period); smelled by the wild boar
from 5 m.

Culling
• Intensive culling

with rewards up
to 312 € per
animal > 50 Kg

• Compensation to
hunting grounds
for loss of meat
(up to 125 €

per adult animal)

11/9/2017 31.07.2018 757 4.7

Depopulation
• Police snipers

16/10/2017 28/2/2018 157 1.0

Carcass removal
• Active carcass
searching with
reward of 195€
per carcass

Sep. 2017 31.07.2018 420 2.6

Figure 61: Fence bordering white zone in
Czechia

Figure 60: White zone in Czechia
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• Free area (= low risk area)
• Surface: 874 km

2

• Established 26/6/2017

None Hunting
• Intensive culling

2:1 normal prior
to ASF

• with rewards per
hunted animal
(up to 377 € for
animal > 50 Kg)

21.7.2017 31.7.2018 2,601 3.0

Carcass removal
• Active carcass

searching with
reward of 77€
per carcass

31.7.2018 119 0.1

• Free area (= intensive culling area)
• Surface: 8,500 km

2

• Established 26/6/2017

None Hunting
• Intensive culling

2:1 normal prior
to ASF

• with rewards up
to 377 € for
animal > 50 Kg

21.7.2017 31.7.2018 17,992 3.1

Carcass removal
• Active carcass

searching with
reward of 77€
per carcass

31.7.2018 526 0.1

NA: not applicable
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4.3.2. Evaluation of efficacy of measures applied in white zones (model
outcomes)

4.3.2.1. Simulation outcome per individual white zones

The field data provided by the MS in Table 8 facilitated the model-based analysis of four different
layouts for white zones (WZ). The first two WZ scenes are in the context of WZ implemented in front
of an epidemic expansion on a large scale and the next two WZ scenes are in the context of control
measures applied on a small scale, after a focal introduction of ASF.

The first WZ scene is derived from Estonia and is based on field data collected very early in the
European ASF genotype II epidemic (2014). The second scene is derived from Latvia and takes place
in a more advanced stage of the epidemic, when control measures are already well established (2016).
Third WZ scene refers to the management after the focal introduction of ASF in the Zlin region of
Czech Republic, which was the first control of ASF in the EU after the focal introduction in 2017. The
fourth scene addresses the French ‘Zone Blanche’, which was also origin of the concept, being a
preventatively managed zone in response to the focal introduction across the border in Belgium in
2018. The results are presented per WZ scene with the following details (a more comprehensive
collection of simulation output can be consulted at Lange et al. (2021)):

• Model implementation of the scene.
• Summary box of data input and simulation results for the most similar configuration of

population and measures.
• Spatial heat map for different scenarios highlighting the effect of the WZ.
• Possible insights from the model outcomes for the specific WZ scene, which can be useful also

in other contexts when designing a WZ.

4.3.2.1.1. White zone scene of Estonia (WZ-EE)

Figure 62 shows the details of the simulation landscape in WZ-EE. The squared pixels represent
wild boar group habitat patches of different quality, according to the wild boar distribution model of
Pittiglio et al. (2018). The simulation of the spread of the ASF infection started from the west (infected
area = grey cells) and ran through the population in eastward direction, equivalent with the direction
of the movement of the infections according to historic notifications to the Animal Disease Notification
System (ADNS) in that specific area in Estonia. The simulation also included identified human-mediated
translocation events (yellow dots) until the 9th of October 2014. On that date, the WZ was established
(red shaded habitat cells) towards the still ASF-free area to the east (blue shaded cells). After this date
human-mediated spread events were excluded from the simulations.

• Grey squares: ASF-infected area;
• Red squares: white zone;
• Blue squares: ASF-free area in front of white zone;
• Black squares: represent virtually blocked cells preventing ASF infection from bypassing theWZ to the north or south;
• Yellow dots: human-mediated spread events before establishment of theWZ.

Figure 62: Simulation area including the white zone in Estonia. Grid cells represent wild boar group
habitats. The lighter the shading of a cell the better the wild boar habitat
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Figure 63 provides an overview of the impact of the WZ-EE on the spread of the infection. The
more reddish a particular wild boar habitat cell is coloured, the greater the proportion of simulations
runs in which the cell contained ASF-positive animals. Since there were no measures implemented, the
expected outcome revealed no effect of the WZ (Figure 63). Note: The historic WZ-EE was not
designed for wild boar population management at that time in context of ASF.

Figure 63: Heat map of local ASF occurrence inside and adjacent to the white zone in Estonia

Summary model simula�on results in WZ-EE:

The WZ-EE simula�ons resulted in 100% failure: ASF always spread through the WZ.

Reason: No measures applied. Note: Historically WZ-EE was not designed for taking measures.

Video link: h�ps://ecoepi.eu/ASFWB/WZ/#WZ-EE

Input: 

– Area: 575 km² 

– Density: ~ 1.5 wild boar/km² 

– Popula�on reduc�on: no measures 

– Time: no measures

Output:

– Density per km²: 

– At the moment of ASF introduc�on in the simulated area (release): 1.5 (1– 2.4 90% central 
range) 

– At the moment of introduc�on of ASF in WZ: unchanged

– Time interval in years: 

– Release-establishment of WZ: 2 (input) 

– Establishment of WZ-introduc�on of ASF in WZ: 0.7 (0.6–1.3)

– Introduc�on of WZ-exit of ASF in WZ: 0.25 (0–0.8)

– Wild boar hunted in addi�on to recrea�onal hun�ng in WZ : 0

Box 1: Summary of model simulation of the white zone of Estonia
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The simulation seeds infection according to the notifications reported in the ADNS falling into the
simulation landscape. Subsequently, ASF spread is simulated stochastically until the historic date of
establishment of the WZ-EE. After establishment of the WZ, measures are simulated in the WZ while
the spread simulation is continued. Figure 64 shows the period before the simulated ASF approached
the WZ-EE (t(established); Figure 64). The greater the simulated wild boar density was in the
modelled landscape, the faster the infection approached the WZ, which implies that greater population
density associates with faster spread. Hence, the edge demarcating the start of the WZ should be
established sufficiently far away from the outermost case detection in the ASF-positive area and this
distance should be further the higher wild boar densities are in the area.

4.3.2.1.2. White zone scene of Latvia (WZ-LV)

Figure 64: Time interval from establishment of the white zone in Estonia until the entry of ASF into
the WZ. Data are shown for three different median starting densities 1.2., 1.5 and 2.3
wild boar/km2 (density scale 1.5, 2.0 and 3.0; x-axis). Top row values represent
percentage of runs in which the white zone did fail to halt the spread of ASF

Red squares: white zone. 
ASF-affected area starts east of white zone, spreading 
westwards 
Grey squares: wild boar habitat, with increasing quality by 
lighter shades of grey 
Blue dots: human-mediated spread events before 
establishment of the WZ 

White squares: white zone. 
ASF-affected area starts east of white zone, spreading 
westwards 
Red squares: contain infected wild boar group 
Blue squares: contain only uninfected wild boar group 

A Descrip�on of landscape of white zone in Latvia B Snapshot of model simula�ons of white zone in 
Latvia

Figure 65: A–B. Simulation area representing the white zone in Latvia (A) and snapshot of the
simulation at the moment of establishment of the white zone in Latvia (B)
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Figure 65A shows the details of the simulation landscape for the WZ-LV scene. The squared grid
cells represent wild boar group habitat patches of increasing quality by lighter shades of grey,
according to the wild boar distribution model of Pittiglio et al. (2018). The simulation of the spread of
the ASF infection started from the east and ran westwards, equivalent with the direction of the historic
notifications to the ADNS in that specific area in Latvia. The simulations included identified human-
mediated translocation events until the 12th of August 2016 (blue dots). On that date, the WZ was
established (red area) in front of still ASF-free area to the west and after that date human-mediated
spread events were excluded from the simulations. Further simulation of the ASF spread considered
the changes to the wild boar population emerging from the applied management measures (here
hunting aimed to reduce the density to 0.5 per km2 within two hunting seasons). The snapshot in
Figure 65B reveals the distribution of ASF resulting from simulation at the moment of establishment of
the WZ (reddish coloured cells indicate wild boar family groups that contain infectious animals). The
particular location of infected wild boar is from one arbitrary simulation run and varied between
repetitions due to the stochastic nature of the model.

Summary model simula�on results in WZ-LV:

The implementa�on of and the target measures within the WZ-LV resulted in 94% failure i.e. in only 6 out of the 100 
simula�ons ASF did not spread through this WZ.

Reason: Inhomogeneous width of the WZ along its lengths with several parts less than 10km wide.

Video-Link: h�ps://ecoepi.eu/ASFWB/WZ/#WZ-LV

Input: 

Area: 5754 km² 

Density: ~ 1.5/km²

Popula�on reduc�on: at 0.5/km² 

Time: Two hun�ng seasons

Output:

Density per km² 

At the moment of ASF introduc�on in the simulated area (release: 1.5 (1–2 90% central range); 

Introduc�on of ASF in WZ: 1.1 (0.6–1.8)

Time interval in years 

Release-establishment of WZ: 2 (input)

Establishment of WZ-introduc�on of ASF in WZ: 1 (0–1.5)

Establishment of WZ-introduc�on of ASF in WZ: 2 (1–4)  [94 of 100 runs]

Wild boar hunted in addi�on to recrea�onal hun�ng in WZ: 5000 (2500 –12000) // per km²  0.87 (0.4–2.1)

Infected wild boar in WZ: 1200 (500–2000)

Female hun�ng: The short �me available between WZ establishment and entry by ASF violates the concept of targeted female hun�ng as 
measure for popula�on control. The results are worse than for arbitrary popula�on reduc�on (see Lange et al 2021 for details).

Box 2: Summary of model simulation in white zone of Latvia
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Figure 66: A–C. Heat map of ASF occurrence inside and adjacent to the white zone in Latvia

www.efsa.europa.eu/efsajournal 86 EFSA Journal 2021;19(5):6572

ASF epidemiological analysis in the EU



Figure 66 reveals the impact of the WZ-LV on the spread of ASF in wild boar using the heat map
resulting from 100 runs per three scenarios. Figure 66A on the top left displays the most optimistic
scenario with a low starting wild boar density (~ 1 wild boar/km2) and a wild boar population reduction
achieved within one season down to 0.5 wild boar/km2. Figure 66B on the top right displays the most
pessimistic scenario with high wild boar starting density (~ 2 wild boar/km2) and only within two
seasons down to only 0.75 wild boar. The larger map shows the outcome of the scenario adjusted to
the provided field observations (standard scenario), i.e. with a wild boar starting density at 1.5 wild
boar/km2 and a wild boar population reduction achieved within two seasons down to 0.5/km2

(Figure 66C).
In particular, the optimistic scenario (Figure 66A) reveals how the pre-emptive measures inside the

WZ reduce the capacity of the infection to maintain continuous spread. However, the more wild boar
inhabit the WZ, the lower is the impact of the pre-emptive measures (Figure 66B + C). This insufficient
effect relates to the narrow width in the middle of this specific WZ, which is the location through which
most of the runs failed (encircled in Figure 66C).

Interestingly, the basic effect of the WZ is clearly visible in the southern part of the standard
scenario (yellow to blue values, Figure 66C), while the ‘bridge’ due to thin layout in the middle section
of the WZ facilitates final ASF spread into the left part of the simulation area in most runs.

To understand the role of the heterogeneous width of the WZ-LV, the time between its
establishment and the entry of ASF is of importance.

Figure 67 reports the effective time interval available to complete the pre-emptive implementation
of the planned measures. For most simulation runs, however, there were less than two years available
(median 1 year, 0–2 year 90% central interval) before the entry of ASF in the WZ. Hence, the aimed
reduction of wild boar density in the WZ was not reached at the moment of ASF entry. Therefore, the
narrow part of the WZ layout led to failure in most runs (Figure 66).

The simulations addressed the population measures applied pre-emptive to the WZ-LV. However,
when the infection would enter the WZ in the reality, also reactive control measures likewise carcass
removal would apply. Therefore, in particular for the WZ-LV, additional simulations were performed
including carcass removal but only from the WZ-LV (i.e. outside the WZ time periods and density
conditions were unchanged compared to Figure 66C).

Figure 67: Time interval from establishment of the white zone in Latvia till entry of ASF into the
white zone area. Data are shown for alternative management scenarios (x-axis). Top row
values represent percentage of runs in which the managed white zone did fail to halt the
spread of ASF
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Figure 68 confirms the carcass removal as efficient measure to support the WZ in halting the
spread of the infection when compared with Figure 66C. However, it also clear that high carcass
detection efforts (here 20%; Figure 61A) are required to improve the situation. The more routine level
of carcass detection (here 2%; Figure 61B; EFSA, 2021) cannot compensate the issues discussed as
limiting the efficiency of the WZ-LV.

4.3.2.1.3. White zone scene of Czechia (WZ-CZ)

Figure 69 shows the details of the simulation landscape for the WZ-CZ. The squared grid cells
(Figure 69A) represent wild boar group habitat patches. Their quality increases with lighter shading,
and the structure follows the wild boar distribution model of Pittiglio et al. (2018).

The simulated spread starts inside the fenced part (red, Figure 69B) of the core area (red + yellow
areas, Figure 69B). ASF infection can stochastically cross the fence. Additionally, ASF is seeded
(intentionally inserted in the model) outside the fence early in 2018 towards the south. The WZ-CZ
combines the larger areas around the core area (green+ blue areas, Figure 69B) and is treated
according to Table 9 shortly after ASF detection. The core area (red + yellow areas, Figure 69B) was
concentrically culled from 2.5 months after initial detection.

Note: In strict sense the non-fenced part of the core area (yellow, Figure 69B) could have been
considered as white zone as well as being adjacent to the fenced ASF-positive area and pre-emptively
treated by depopulation culling. However, the planning of this study did address the WZ-CZ in the
historic way where pre-emptively intensified hunting was addressing the WZ-CZ (green and blue part,
Figure 69B).

A B

Figure 68: A–B. Heat map of ASF occurrence inside and adjacent to the white zone in Latvia. As
Figure 66C (failure rate 94%) but simulation additionally includes carcass removal inside
the WZ assuming a detection efficiency of 20% (A; failure rate 34%) and 2% (B; failure
rate 90%)

A B C

Figure 69: Simulation area representing the layout of the white zone in Czechia (A), the historic
organisation of areas (B) and a snapshot of the simulation at the moment of
establishment of the white zone in Czechia (C)
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Summary of model simula�ons of the white zone scene in Czechia

The layout of and the target measures within the WZ-CZ resulted in 80% to 90% failure, i.e. in only every 5th to 10th

repe��on of simula�ons ASF did not spread through this WZ. Here the maximum star�ng density considered was 4 
animals per km² while in the input data 8-10 animals were recorded from the high-risk part – but not from the WZ.

Reason: Incomplete implementa�on of measures in the WZ due to the very short period between establishment 
and possible entry of ASF into the WZ (NB: Historically the infec�on did not approach the WZ! However, this was 
most likely due to the intense (pre-emp�ve) culling efforts in the core area around the fenced part from only 2.5 
months post detec�on onwards!)

Video-Link: h�ps://ecoepi.eu/ASFWB/WZ/#WZ-CZ

Input:

Area: 9374 km² 

Density: ~ 3/km²

Popula�on reduc�on: 50% addi�onal harvest on top of pre-ASF hun�ng bag

Time: one year (outcome, not pre-planned)

Output:

Density per km²

At the moment of ASF introduc�on in the simulated area (release): 4.0 (3.5–4.5 90% central range); 

Introduc�on of ASF in WZ:  3.6 (2.8–4.1)

Time interval in years:

Release-establishment of WZ: 0.1 

Establishment of WZ-introduc�on of ASF in WZ: 0.15 (0–0.4)

Introduc�on of WZ-exit of ASF in WZ: 0.5 (0.3–0.7)

Wild boar hunted in addi�on to recrea�onal hun�ng in WZ:

1st year: 15000 (11000 –21000) // per km² 1.6 (1.2–2.3)

Recrea�onal hunts in WZ: 5100 (500–10800)

Infected wild boar in WZ: 3500 (1200–4200)

Box 3: Summary of model simulation in white zone of Czechia
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Figure 70 demonstrates what would have happened, if ASF would have escaped the fenced part
(red, Figure 61b) of the core area (red + yellow; in Figure 69b). The more reddish a particular wild
boar habitat cell is coloured, the greater the proportion of simulations runs in which the cell contained
ASF-positive animals. From the uniform, orange coloured heat map (wild boar group infected in more
than 70 of simulation runs), it is clear that the measures in the WZ-CZ would not have stopped the
infection from spread in and further out the WZ.

Interestingly, the area around the fenced centre part of the core area (yellow in Figure 69B) – in which
wild boar was culled after 2.5 months over a short period of 3 months – became involved in a much lower
proportion of runs (less than 50%; green light blue scale) than the demarcated WZ-CZ (more than 70%,
orange). Although the infection was intentionally released to the south of the fence in every simulation,
the ASF entry into the WZ-CZ usually happened via the north of the core area. The simulated escapes to
the south (as in the field situation) did rarely arrive at the WZ. The observed directionality of the escapes
were likely due to insufficient width of the northern segment of the non-fenced part of the core area.

Table 9 details the contribution of the different parts of the simulated management region in
Czechia. Dependent on the initial density, in 36%, 77 and 92% of the simulation runs ASF actually
reached the WZ (Table 9 third column). Hence, in 64%, 23 and 8% of the runs the infection was
stopped already inside the ASF-positive area. However, only 23%, 2 and 0% of those runs, which
entered the WZ, did stop inside the WZ (Table 9 last column).

In the model simulations the success of the WZ-CZ was due to the eradication of the infection in
the non-fenced and fenced core area (‘highest- and high-risk part’). From the analysis of the WZ-CZ
scene it appears that it would have been useful instead to widen the non-fenced part of the core area

Table 9: Contribution of ASF-positive area and WZ-CZ to the overall success derived of 600
simulation runs per density scenario

Wild boar
density
factor

Numbers of
runs entering

WZ

% of runs
entering WZ

Numbers of
runs that left

WZ

Number of runs that
got stopped in WZ

% of runs that
got stopped in

WZ

2 214 36% 164 50 23%

4 459 77% 451 8 2%
6 549 92% 549 0 0%

Total 1,222 68% 1,164 58 5%

Note to these figure: The disease incursion in Czechia’s white zone is simulated to evaluate the measures applied
in the zone. In the reality, there was no notified introduction of ASF in the white zone in Czechia
Colour scale: proportion of simulations runs in which the square cell became infected, ranging from red
(proportion of the simulation runs for which the cell became infected = 1) to dark blue (proportion of the
simulation runs for which the cell became infected = 0).

Figure 70: Heat map of ASF occurrence inside and adjacent to the WZ-CZ
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(yellow; in Figure 69B), in particular to the north, while subjecting it to the pre-emptive population
culling applied in reality.

In 2017 the silent culling approach was implemented in both the fenced and non-fenced part of the
core area (red and yellow area in Figure 61B) in Czechia 2.5 months after detection. The culling
approach followed important preconditions to prevent spread of the wild boar and the disease in
response to disturbance:

Preconditions for early depopulation in infected area:

• Started only after the area where positive carcasses were found was fenced, after intensive
carcass searching.

• Only after the fence was established, night shooting with silencers, together with wild boar traps
was implemented, but never driven hunts with dogs (‘silent culling’). Silent culling started after
the epidemic peak was passed inside the fence and followed a centripetal direction towards the
fenced area.

• Crops were left inside the risk area to provide favourable conditions for the wild boar.

Additionally, if similar narrow dimensions as the zones that were historically implemented in the
field in the Zlin region in Czech Republic would have been used in other areas with denser wild boar
populations, the overall success of the approach would be unlikely.

4.3.2.1.4. White zone scene of France (WZ-FR)

Figure 71A reflects the spatial explicit design of the simulation landscape of the WZ-FR. In
particular, the intense hashed red area (~ 300 km2) is fenced around (‘white zone’ according to the
definition used in France), and the entire red hashed area (1,024 km2) is subjected to depopulations.
The pink ellipse at the French–Luxembourgian border (Figure 63A) symbolises artificially placed model
barriers that mimic the effect of a four-lane highway and urbanised area (the Longwy area). Without
that manipulation, the WZ would have produced mostly failure results.

A B

Figure 71: Simulation area representing the white zone in France (red hashed) and the cumulated ASF
notification in BEwild boar (A) and the structure of the underlying wild boar habitat patches (B)
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Summary model simula�on results of the white zone scene of France

The layout of and the target measures implemented within the WZ-FR resulted in only 20% to 30% failure to 
stop the possible spread of ASF, dependent of the ini�al popula�on (i.e. varied for 2.8 +/-25%) and the rigorous 
depopula�on per year. 

Reason: The Longwy area, covered by the pink ellipse, is believed to be a barrier for WB according to local 
hunters . Second the fence and repeated dras�c popula�on measures early in the year prepared the WZ for a 
poten�al ASF entry. (NB: Historically the infec�on did not approach the WZ! Most likely due to the interven�on 
measures on the Belgian side of the border.)

Video-Link: h�ps://ecoepi.eu/ASFWB/WZ/#WZ-FR

Input:

– Area: 1035 km² 

– Density: ~ 2.8/km² (Pi�glio et al. 2018)

– Popula�on reduc�on: 80% addi�onal harvest on top of pre-ASF hun�ng bag

– Time: Jan-Mar each year (according to popula�on es�ma�on data)

Output:

– Density per km² 

– At the moment of ASF introduc�on in the simulated area (release): 2.9 (2–4.6 90% central 
range)

– At the moment of introduc�on of ASF in WZ: 0.3 (0.2–0.6)

– Time interval in years

– Release-establishment of WZ: 0.35 

– Establishment of WZ-introduc�on of ASF in WZ: 0.5 (0.25–1.5)

– Introduc�on of WZ-exit of ASF in WZ: 1 (0–2)

– Wild boar hunted in addi�on to recrea�onal hun�ng in WZ:

– 1st year of WZ: 750 (400–1400) // per km² 0.73 (0.4–1.4)

– Recrea�onal hunts in WZ: 5100 (500–10800))

Box 4: Summary of model simulation in white zone of France
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Figure 72 revealed the drastic effect of the depopulation measures on the population numbers in
the WZ-FR based on field estimates (Figure 72A) and in comparison with model output (Figure 72B).
The input data of population estimate in the fenced part of the WZ in FR were used to illustrate the
observed dynamics (Figure 72A). The model simulations, however, were calibrated only at start with
the overall population density in the region (~ 2.8 per km2; Pittiglio et al., 2018) and a simulated 80%
reduction in intense hunting sessions from January to March each year. With these two basic inputs
the model adequately reproduced the population size in the fenced part of the WZ, the steep decline
after the first depopulation campaign, the smooth regrowth over the reproductive season and the next
dip early in 2020 (Figure 72B).

Figure 72: A–B. Development of the population size inside the fenced part of the WZ-FR (intense
hashed red in Figure 71) according to MS data (A) and model output (B)

ASF epidemiological analysis in the EU

www.efsa.europa.eu/efsajournal 93 EFSA Journal 2021;19(5):6572



Figure 73 reveals the impact of the WZ-FR on the spread of ASF in wild boar using the heat map
resulting from 100 runs per scenario. Top row shows the most plausible scenario with an initial wild
boar density (~ 2.8/km2) and depopulation to target density of 0.25/km2 comparing the simulations
with fence (Figure 73A) and without fence (Figure 73B). The bottom row shows the most pessimistic
scenario simulated with starting density (~ 4/km2) and depopulation target only 0.75/km2 again
comparing the simulations with fence (Figure 73C) and without fence (Figure 73D).

Both the fast and effective depopulation (top to bottom) and the fencing (left to right) did support
the efficiency of the measures.

5. Conclusions

5.1. Descriptive epidemiology- TOR 1

5.1.1. Update the ASF situation in affected Member States and neighbouring
countries

• All phases of the ASF epidemic were represented in the MS affected by ASFV genotype II during
the reporting period:

o In Bulgaria, Hungary, Poland, Romania and Slovakia the epidemic has expanded further.
o In Latvia and Lithuania, the epidemic seems to be stagnating.
o In Estonia, the epidemic is fading out.
o In Belgium and Greece, the infection has been successfully controlled.

• Greece is the only MS, where only the domestic pig sector has been involved in the epidemic
during this reporting period (1/9/2019–31-8/2020), whereas Belgium, Estonia and Hungary had
only wild boar populations affected. All other MS affected during this reporting period had
outbreaks and cases in domestic pigs and wild boar, respectively.

A B

C D

Note to these figures: The disease incursion in the French white zone is simulated to evaluate the measures
applied in the zone. In the reality, there was no introduction of ASF in France.

Figure 73: A–D. Heat map of ASF occurrence inside and adjacent to the WZ-FR. Failure rate (A)
22%, (B) 46%, (C) 60% and (D) 91%
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• In Serbia, the ASF outbreaks in domestic pigs have been contained successfully. In wild boar,
the infection has expanded slowly in the south-eastern region of the country.

• In Russia, ASF was present in wild boar and domestic pigs from the outmost western to eastern
part of the country. Control measures focused mainly on attempts to reduce wild boar
population and to eliminate backyard farms.

• The combination of control measures implemented in Belgium, including tools such as fencing,
night shooting, trapping and carcass removal of wild boar, with intensities adapted to the
epidemiological situation in the specific wild boar management areas, was shown to be effective
to eradicate ASF after a focal introduction in the country.

• The poor level of biosecurity in backyard farms has been identified as the predominant reason
for introduction of ASFV in most of the affected pig holdings also during this reporting period, as
reported by Bulgaria, Lithuania, Poland, Romania and Slovakia, based on their epidemiological
investigations during the outbreaks. Although, quantitative evidence is not available.

• During this reporting period, human-mediated spread, demonstrated by the sudden detection of
distant cases of ASF in wild boar populations that cannot be explained by natural spread, was
suspected in Estonia after detecting a positive case in the north-western part of the country
after 18 months without any PCR-positive case. The spread of ASF into the wild boar
populations at the Western side of the Danube in Hungary and Serbia was also assumed to be
human-mediated.

5.1.2. Time-profile of proportions of positive samples tested with Ab Elisa or
PCR in wild boar hunted and found dead

Based on data submitted to EFSA’s data collection framework from the beginning of 2016, up to
the end of this reporting period, in the affected areas:

• In some countries a persisting decreasing trend in proportions of PCR-positive carcasses was
observed indicating fade out of the virus (e.g. BE, CZ, EE) whereas in others it remains high
indicating continuing spread.

• There has been no general increase in the proportion of seropositive samples in wild boar.

5.1.3. Seasonality of African swine fever outbreaks and cases

• There is a clear seasonality in the proportions of PCR-positive samples from wild boar found
dead, although the patterns are slightly different in the different MS. Overall, there is a decline
in summer and an increase in winter in the proportion of PCR-positive samples from wild boar
found dead.

• There is a clear peak observed in the proportions of PCR-positive samples from domestic pigs
between May and September in Lithuania, Poland and Romania.

• The reason for the ASF seasonality and the different patterns observed in domestic pigs and
wild boar requires further investigation.

5.1.4. Evolution yearly wild boar hunted in affected countries

• The annual number of wild boar that were hunted in the Baltic States has declined rapidly since
the introduction of ASF, ranging from 30,000 to 50,000 wild boar in 2014 to between 5,000 and
15,000 wild boar in 2019.

• In the other affected MS, no change in the generally increasing trend in wild boar abundance
has been observed.

5.1.5. Evolution of the extent of spread of the epidemic in wild boar, based on a
secondary case network

• In the year before the last notification of ASF compared to the first year after introduction in
each MS, the average number of notifications that could be classified as secondary to a single
source case declined in most MS, indicating a reduced extent of spread.

• In Bulgaria, Poland and Slovakia, however, the average number of notifications that could be
classified as secondary to a single source case clearly increased in the year before the last
notification, indicating an increased extent of spread.
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5.2. Risk factor analysis –TOR 2

5.2.1. Update from narrative literature review

5.2.1.1. Field evidence

• Field evidence regarding the exact introduction routes of ASF in domestic pig holdings is still
scarce.

• Four studies identified wild boar observed in the vicinity of the domestic pig farms as a risk
factor but the definitive route of ASFV introduction into the farms was not identified in any of
them.

• Wild boar density has been identified as a risk factor for the occurrence of ASF in backyard
farms in a study carried out in Romania.

• The proximity of growing crops attractive to wild boar near the backyard farms or the provision
of fresh forage to pigs has been identified as a risk factor for the occurrence of ASF in backyard
farms in Romania.

• The vicinity of domestic pig outbreaks less than 2 km has identified as a risk factor for the
occurrence of ASF in backyard farms and commercial farms in Romania.

5.2.1.2. Evidence from modelling surveillance data

• Several risk factors have been identified for the occurrence of ASF in domestic pigs in Sardinia,
such as a higher density of backyard farms and pigs, a higher road density and density of
outdoor farms per administrative level.

• Increased wild boar density has been identified to be a risk factor for ASF case detection in wild
boar in Estonia.

• Several environmental parameters have shown to have an impact on the probability of detecting
positive wild boar cases, such as the percentage of young forest cover or meadows in Poland.

5.2.2. Risk factors for the occurrence of ASF in wild boar the different hunting
grounds of Romania

• The probability to find at least one PCR-confirmed ASF case in wild boar in a hunting ground in
Romania was mainly driven by environmental factors, wild boar abundance and the density of
backyard pigs in the hunting ground area.

• The number of hunting days and the use of dogs during hunting were not identified as risk
factors for occurrence of ASF in wild boar.

• We observed that wild boar abundance is correlated with the number of feeders per hunting
ground, suggesting that reducing wild boar feeding could be helpful in wild boar population
control, although causality cannot be inferred from the results.

• This field deserves more research once sufficiently detailed data on the possible covariates
(environmental data, hunting modalities and related to pig production) of several years become
available.

5.3. Evaluation of measures applied in ASF free areas adjacent to
affected wild boar areas using a stochastic model

• The failure rate of white zones that solely used standard or intensified hunting as the measure
to stop the spread of ASF was very high, from 94% to 100% depending on the initial wild boar
density that was used in the model and the time the infection needed to reach the white zone.

• The failure rate of white zones that implemented fencing AND drastic, concentrated
depopulation measures as measures to stop the spread of ASF was low (from 20% to 30%) and
depended on the initial wild boar density that was used in the model and time the infection
needed to reach the white zone.

• The success of the control measures in Czechia was most likely due to silent culling of the core
area (fenced highest + high risk area) and not due to the measures applied in the low-risk +
intensive hunting area. In the model, in runs with ‘induced’ ASF infection spreading beyond the
high-risk part into Czech white zone, between 80% and 90% failure rates were observed.
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• Silent culling of wild boar (efforts to cull the maximum of a defined (or fenced) population with
minimal disturbance, for instance, by trapping, sharp shooting or using silencers) can be
initiated a soon as the risk area, established by intensive carcass searching, is reliably fenced.

• The white zone would need to be very intensively hunted or even culled before ASF arrives to
be effective and it should be of sufficient width. The trade-off is that these measures require
sufficient time and increased resources to be achievable.

• To be successful and allow sufficient time (for instance 2 years) to achieve the necessary pre-
emptive culling targets of wild boar in the white zone, it should be sufficiently far from the
outermost wild boar case, taking into account the natural speed of the spread of the disease,
which varies with density.

• As carcass removal is a measure to eliminate ASFV sources from an infected area, this is not a
pre-emptive measure. Nonetheless, carcass detection and testing will add to early detection and
control of ASF after possible incursion in the white zone.

6. Recommendation

• Tangible, absolute population reduction targets in terms of numbers wild boar per km2 in the
white zone after a certain management period should be specified for the white zone
implementation.

• The distance at which the border of the white zone is placed to the non-free area needs to
consider the speed of the natural spread of the disease in wild boar. The speed of spread
determines the time available to implement measures in the white zone. This speed did range at
2.9–11.7 km per year on average in Eastern EU MS but will be higher in densely populated
areas.

• The white zone should have a minimum width (i.e. several wild boar home ranges) to prevent
ASF passing through by short infection chains as wild boar-free white zones are unlikely to be
achieved.

• The white zone in a focal ASF introduction context needs a reliable fence protection towards the
risk area or silent culling of the population. In the focal context the white zone will always be
close to the risk area and it is therefore needed to perform the pre-emptive measures in the
white zone very quickly.

• Before WB culling activities start after a focal ASF introduction, the infected area should be
demarcated by intensive carcass search and fenced afterwards in order to prevent the dispersal
of ASF.
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Abbreviations

ASF African swine fever
ASFV African swine fever virus
BYM Besag York Molli�e
CSF Classical Swine Fever
DCF Data Collection Framework
ELISA enzyme-linked immunosorbent assay
IB immunoblotting
IPT immune-peroxidase
LIMS Laboratory Information Management System
S.N.I.I.A National System of identification and registration of animals
PCR polymerase chain reaction
TRACES Trade Control and Expert System
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Appendix A – Wild boar hunting data in Member States affected by African
swine fever

Table A.1: Data sources of wild boar hunting data in ASF affected Member states

Country Links

Latvia https://www.vmd.gov.lv/valsts-meza-dienests/statiskas-lapas/medibas/valsts-meza-dienests/
statiskas-lapas/skaitli-un-fakti?id=766#jump

Lithuania https://osp.stat.gov.lt/statistiniu-rodikliu-analize#/
Belgium/Wallonia http://etat.environnement.wallonie.be/files/indicateurs/FFH/FFH%2010/Evolution%20des%

20populations%20d’ongul%C3%A9s%20sauvages.xls

Romania http://www.insse.ro/cms/ro/content/fondul-cinegetic-date-anuale
Czechia http://eagri.cz/public/web/mze/lesy/myslivost/statistika/x2011-2020/

Romania https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_task-force-re
port_2018_pres1.pdf

Poland https://www.agropolska.pl/produkcja-zwierzeca/trzoda-chlewna/odstrzal-dzikow-trwa-zna
my-najnowsze-dane,2632.html

Belgium http://face.eu/sites/default/files/belgium_fr.pdf
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