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Abstract

African swine fever (ASF) has spread across many countries in Europe since the introduction into Georgia in 2007. We report
here on the first cases of ASF in wild boar detected in Germany close to the border with Poland. In addition to the constant risk
of ASF virus (ASFV) spread through human activities, movements of infected wild boar also represent a route of introduction.
Since ASF emerged in Western Poland in November 2019, surveillance efforts, in particular examination of wild boar found
dead, were intensified in the regions of Germany bordering with Poland. The first case of ASF in wild boar in Germany was
therefore detected by passive surveillance and confirmed on 10th September 2020. By 24th September 2020, 32 cases were
recorded. Testing of samples from tissues of carcasses in different stages of decomposition yielded cycle threshold values from
18 to 36 in the OIE-recommended PCR which were comparable between the regional and national reference laboratory. Blood
swabs yielded reliable results, indicating that the method is suitable also under outbreak conditions. Phylogenetic analysis of
the ASFV whole-genome sequence generated from material of the first carcass detected in Germany, revealed that it groups with
ASFV genotype II including all sequences from Eastern Europe, Asia and Belgium. However, some genetic markers including
a 14 bp tandem repeat duplication in the O174L gene were confirmed that have so far been detected only in sequences from
Poland (including Western Poland). Epidemiological investigations that include estimated postmortem intervals of wild boar
carcasses of infected animals suggest that ASFV had been introduced into Germany in the first half of July 2020 or even earlier.
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Summary

African swine fever (ASF) has spread across many countries in Europe since the introduction into Georgia
in 2007. We report here on the first cases of ASF in wild boar detected in Germany close to the border with
Poland. In addition to the constant risk of ASF virus (ASFV) spread through human activities, movements of
infected wild boar also represent a route of introduction. Since ASF emerged in Western Poland in November
2019, surveillance efforts, in particular examination of wild boar found dead, were intensified in the regions
of Germany bordering with Poland. The first case of ASF in wild boar in Germany was therefore detected
by passive surveillance and confirmed on 10th September 2020. By 24th September 2020, 32 cases were
recorded. Testing of samples from tissues of carcasses in different stages of decomposition yielded cycle
threshold values from 18 to 36 in the OIE-recommended PCR which were comparable between the regional
and national reference laboratory. Blood swabs yielded reliable results, indicating that the method is suitable
also under outbreak conditions. Phylogenetic analysis of the ASFV whole-genome sequence generated from
material of the first carcass detected in Germany, revealed that it groups with ASFV genotype II including
all sequences from Eastern Europe, Asia and Belgium. However, some genetic markers including a 14 bp
tandem repeat duplication in the O174L gene were confirmed that have so far been detected only in sequences
from Poland (including Western Poland). Epidemiological investigations that include estimated postmortem
intervals of wild boar carcasses of infected animals suggest that ASFV had been introduced into Germany
in the first half of July 2020 or even earlier.
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Introduction

Over the past decade, African swine fever (ASF) has developed into a panzootic threat to domestic and
wild boar worldwide (Blome, Franzke, & Beer, 2020). Since 2014, ASF virus (ASFV) has been spreading
in the European Union (Chenais et al., 2019). The virus was introduced into wild boar in Belgium in 2018
(Linden et al., 2019) and into the western part of Poland in 2019 (Mazur-Panasiuk, Walczak, Juszkiewicz,
& Wozniakowski, 2020) close to the respective German borders. While the situation in Belgium appears to
be under control, the epidemic in Poland worsened. The first reported case of ASF in wild boar in Western
Poland was found about 79 km from the German border. Between 1st November 2019 and 9th September
2020, a total of 1,037 cases in wild boar and eight outbreaks in domestic pigs were reported from this region
(ADNS, as of 10th September 2020) which restriction zones in Poland extending to the German border.
The nearest case of ASF in wild boar in Poland was located 10.4 km from the German border (confirmed
on 26th March 2020). Here, we report on the first cases of ASF in wild boar in Germany, detected close
to the German-Polish border in the Federal State of Brandenburg, including the results of epidemiological
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investigations, diagnostics and genetic characterization of the German ASFV isolate using whole-genome
sequencing.

Material and Methods

Epidemiological investigations

Information on ASF cases in wild boar obtained by the local veterinary offices were entered into the German
electronic animal disease information system (TSN, “Tierseuchennachrichtensystem”, German National Ani-
mal Disease Database) (Kroschewski et al., 2006). These data sets contain the date of suspicion and disease
confirmation, the location (geographical coordinates), where the animal had been hunted or found dead, as
well as the age and gender of each individual wild boar.

In addition, for most carcasses, photographs and a “checklist for wild boar carcasses found
in the field” (https://www.fli.de/fileadmin/FLI/IfE/AG_Forensik_Wildschwein/Erhebungsbogen_Wild-
schwein.pdf) were made available for epidemiological investigations or retrieved by epidemiologists of the
Friedrich-Loeffler-Institut (FLI). These data were used to estimate the minimum postmortem interval (PMI)
as previously described (Probst, Gethmann, Amendt, et al., 2020; Probst, Gethmann, Hohmann, et al.,
2020). The minimum PMI, i.e. the latest possible time point of death, was estimated based on morphological
characteristics of the carcass, i.e. the decomposition stage of different body parts and accumulated decom-
position (fresh, bloated, active decay, advanced decay, dry, and remains), mean temperature (at 2 m height)
and rainfall in the previous weeks (retrieved from the nearest weather station in Coschen, Brandenburg; Ger-
man Weather Service, Offenbach, Germany), type of microhabitat (dry/moist, direct sunlight/shade, etc.),
entomological activity, characteristics of the decomposition island and evidence for vertebrate scavenging.
Euclidian distances between the cases in Germany and those in Western Poland were calculated in km using
the software package sp (Pebesma & Bivand, 2005) within the open source software R (http://www.r-project).

Data on ASF surveillance prior to the emergence of ASF in Germany were extracted from the CSF/ASF
wild boar surveillance database of the European Union (https://surv-wildboar.eu) for the period from 1st No-
vember 2019 to 9th September 2020. This covered the whole period since cases of ASF had been reported
from Western Poland. There was one individual data set for each wild boar, which contained the date and
location, where the animal had been hunted or found dead. Furthermore, information was recorded on the
circumstances of death for each animal, i.e. shot apparently healthy (active surveillance) or shot sick, found
dead or involved in a traffic accident (passive surveillance).

Laboratory diagnosis

For qPCR at the regional laboratory (Landeslabor Berlin-Brandenburg, Frankfurt/Oder, Germany, LLBB),
the commercial RealPCR ASFV DNA Test (IDEXX, Westbrook, USA) was used following the manufacturer’s
instructions. For confirmatory purposes, the OIE-listed protocol by King et al. (2003) was used with slight
modifications. At the German national reference laboratory (NRL at the FLI), qPCRs were performed
according to the protocols published by King et al. (2003) and Tignon et al. (2011). Both assays were used
with adapted internal control systems. In addition, a commercial qPCR kit was employed (virotype ASFV,
Indical Bioscience, Leipzig, Germany) according to the manufacturer´s instructions. To isolate the causative
ASFV in serum and tissue samples, a haemadsorption test (HAT) was performed using PBMC-derived
macrophages according to slightly modified standard procedures (Carrascosa, Bustos, & de Leon, 2011).

Next-generation sequencing

For whole-genome sequencing, DNA was extracted from 200 μl of bone-marrow homogenate using the Nu-
cleoMagVet kit (Macherey-Nagel, Düren, Germany) according to the manufacturers’ protocol. For rapid
generation of sequence information, DNA from the same sample was sequenced on the Illumina MiSeq plat-
form (San Diego, USA) as described elsewhere (Wylezich, Papa, Beer, & Hoper, 2018).

The resulting read data was mapped against a custom database including all ASFV sequences available from
International Nucleotide Sequence Database Collaboration (INSDC) databases as of 15th September 2020
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using Bowtie2 v.2.3.5.1 (Langmead & Salzberg, 2012) with the highest sensitivity settings followed by de
novo assembly of the mapped reads using SPAdes v.3.13 (Antipov, Korobeynikov, McLean, & Pevzner, 2016)
with default parameters. The resulting whole-genome sequence was aligned with all other available ASFV
whole-genome sequences from INSDC-databases (as of 21st September 2020) using MAFFT v7.388 (Katoh
& Standley, 2013) in Geneious Prime v.2019.2.3 (Biomatters, Auckland, New Zealand), annotated on the
basis of ASFV Georgia 2007/1 (FR682468.2) using Geneious, and a phylogenetic tree was constructed with
IQTREE v 1.6.5 (Hoang, Chernomor, von Haeseler, Minh, & Vinh, 2018; Kalyaanamoorthy, Minh, Wong,
von Haeseler, & Jermiin, 2017; Nguyen, Schmidt, von Haeseler, & Minh, 2015). Whole genome sequences from
Poland were kindly provided by N. Mazur and G. Woźniakowski ahead of publication in INSDC databases
and compared to the ASFV Germany 2020/1 whole-genome sequence using MAFFT v.7.388 with default
parameters in Geneious prime.

Results and discussion

Case description and epidemiological situation

The carcass of an adult female was found in a ditch between two harvested maize fields at a dry location
exposed to direct sunlight, about 200 m off a country road in a community of the Spree-Neiße district,
Brandenburg, Germany ca. 6 km from the border with Poland (Figure 1) by a person walking the dog.
Foreleg bones of the largely decomposed carcass were submitted by the responsible hunter for ASFV testing
and the carcass was buried on site on 7th September 2020. At the time of detection, the hunter noticed
large numbers of maggots on and around the carcass. The mean temperature was 15°C (1st -7th September
2020) or 19°C (6th August – 7th September 2020), respectively. From 1st August – 9th September 2020, the
average rainfall was 6 mm. The carcass was found in an advanced stage of decomposition and the minimum
PMI was estimated at two weeks. At that time, the adjacent region in Poland was classified as a part I-region
according to the implementing decision EU 2014/709, i.e. with a certain risk regarding ASF due to proximity
of the infection in the feral population (Figure 1).

Since the occurrence of ASF in wild boar in Western Poland, the risk of introduction of ASF into Germany
by migrating infected wild boar had substantially increased. Preventive measures such as building a mobile
fence along the Polish border and increased surveillance in wild boar and domestic pigs were introduced.
The direct distance from the first detected case in Brandenburg to the nearest ASF case in Poland, which
was confirmed within the preceding four weeks (13th August to 9th September 2020), was 33.9 km. The
ASF case in Poland nearest to Germany was detected at a distance of 10.4 km from the German border, but
south of the now affected area. Due to lack of information on the surveillance intensity between the national
border and the ASF focus in Western Poland, direct evidence for a westward expansion of the infected
area in Western Poland is missing. Yet, it seems likely that the disease has been introduced by migrating
wild boar. (A new case, confirmed on 30th September 2020, located approx. 60 km north of the focus of
the first introduction into Germany, was also detected less than 2 km away from the border with Poland).
However, it cannot be excluded that human activity (e.g. unsafe disposal of contaminated material) may
have caused the initial infection. ASFV remains infectious for a long time in pig products, especially if blood
is contained (Fischer, Hühr, Blome, Conraths, & Probst, 2020; Kolbasov, Tsybanov, Malogolovkin, Gazaev,
& Mikolaxchuk, 2011; Mebus et al., 1997).

Wild boar and domestic pigs have been intensively monitored for ASF in Germany in recent years. Especially
in areas close to the German-Polish-border, the efforts were intensified after the emergence of the disease in
Western Poland. Figure 2 shows the results of surveillance within the affected region close to the German-
Polish border for the period from 1st November 2019 to 9th September 2020. A total of 7.125 samples of
wild boar (6.081 apparently healthy shot wild boar, 312 wild boar found dead, 74 animals shot sick and
658 animals killed in road traffic accidents) tested negative for ASF. Most wild boar are examined during
winter, when hunting is at its maximum. Nevertheless, in the four months before the detection of the first
case of ASF in Germany, 50 wild boar found dead, 12 animals shot sick and 165 animals killed in road traffic
accidents also tested negative for ASFV.

4



During the following days of intensified carcass search, four more carcasses and a hunted wild boar with
clinical signs were found 6 km away from the first site. These carcasses were fresh with an estimated minimum
PMI of only a few days. Until 24th September 2020, a total of 32 cases of ASF were confirmed, of which nine
were found close to the first site and 23 in a small area further north (Figure 3). In both locations, fresh and
old carcasses of young and old wild boar were found (14 piglets, 6 subadults, 6 adult animals; the age of 6
animals could not be assessed) (Table 1). At the place, where most carcasses were found, the carcasses with
the longest minimum PMI of 80 days were detected (Table 1).

PMI estimates were based on the macroscopically visible stage of decay, the presence of insects and the
microclimatic conditions at the sites. However, when decomposition had reached an advanced stage and
only single skeletal remains were found, dating the PMI became difficult, in particular when carcasses had
obviously been used by large vertebrate scavengers (red foxes and wolves are present in the area).

Based on the available data, the virus was probably introduced into Germany in early July 2020 or even
earlier. Since most of the detected ASFV-infected wild boar died in September 2020 (Table 1), the situation
is still evolving.

From all these animals, dry blood swabs or bones (carcasses) or serum (shot wild boar) were sent for
laboratory diagnosis to the LLBB and for confirmation to the NRL at the FLI.

Routine diagnosis and confirmation

The standard procedure in Germany for the diagnosis of ASF includes an initial testing in an accredited state
laboratory in the affected federal state. These laboratories regularly participate in an inter-laboratory com-
parison test performed by the NRL (see also tasks of the NRL according to Council Directive 2002/60/EC).
Samples with a positive or inconclusive result are sent to the NRL for confirmation. Only the diagnosis of
the NRL confirms an outbreak or case. Suitable diagnostic tests are listed in the official method collection
published by the FLI, taking into account the EU Diagnostic Manual (Commission Decision 2003/422/EC).

Despite the advanced state of decomposition of the first carcass and the resulting low sample quality, the
LLBB detected moderate amounts of genome sequences of ASF virus. At the FLI, these results were confirmed
with very similar cq-values, despite the use of different cyclers and conditions. By 24th September 2020, 32
cases were detected at the LLBB and confirmed by FLI. Sample matrices were 19 bone marrow specimens
from carcasses of varying stages of decomposition, 12 blood swab suspensions, and 1 blood clot suspension
and the corresponding serum. Cycle threshold values ranged from 18 to 36 in the OIE-recommended PCR
by King et al. (2003) and were comparable between the regional and national laboratory. As expected,
PCRs that amplified short genome fragments performed better on poor quality samples. A combination of
different test systems, also for internal control, is therefore advisable and has proven to be effective in the
present case. Details are shown in Table 1. Blood swab suspensions, which had been included into the official
method collection following extensive validation studies under experimental and limited field conditions at
the NRL (Carlson et al., 2018; Petrov et al., 2014), yielded reliable results also in this outbreak situation.
The hemadsorbing virus causing this outbreak was isolated from the serum sample mentioned above.

Following the confirmation of the first case, the local veterinary authority had the remains of the carcass
exhumed for further pathological examination at the LLBB. All samples taken from the carcass, even muscle
and fatty tissues were positive in qPCR (see Supplementary Table 1). This fact underlines that any sam-
ple should be send if the recommended samples are not available. In this case, communication should be
established with the receiving laboratory.

Positive samples were also obtained when diluting the samples 1:5. The latter would mimic the pooling
options currently provided in the official method collection.

Next-generation sequencing and phylogenetic analyses

Sequencing resulted in 18.865.783 single-end and 46.020.040 paired-end 300 bp reads from which 1.228.953
reads (1.89%) mapped to the ASFV reference database and were assembled with a coverage of 2082. The
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ASFV Germany 2020/1 whole-genome sequence encompasses 190,592 bp with a G/C content of 38.4%. Phy-
logenetically it groups with sequences from ASFV genotype II including all sequences from Eastern Europe,
Asia and Belgium (Figure 4). The ASFV Germany 2020/1 sequence shows 99.9% nucleotide sequence identity
to the whole-genome sequence of ASFV Pol17 55892 C754 (MT847620), which originated from an outbreak
south of Warsaw (Piaseczno province, Mazowieckie voivodeship) in 2017 (Mazur-Panasiuk et al., 2020). Fur-
thermore, some characteristic markers e.g. a 14 bp insertion in the O174L gene, a single nucleotide variation
in the K145R gene, the MGF 505-5R gene and the K205R gene as well as a one tandem repeat integration in
the intergenic region between the genes I73R and I329L described in Poland (Mazur-Panasiuk et al., 2020;
Mazur-Panasiuk, Wozniakowski, & Niemczuk, 2019) were also present in ASFV Germany 2020/1. These are
in accordance with characteristics found in ASFV sequences from Southern Warsaw and Western Poland
(Mazur-Panasiuk et al., 2020; Mazur-Panasiuk et al., 2019) and clearly distinguish ASFV Germany 2020/1
from all other ASFV GTII whole-genome sequences including those from the Czech Republic (LR722600.1),
Belgium (LR536725.1), Moldova (LR722599.1) and Georgia (FR682468.2).
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Table 1: Wild boar samples examined for ASF in Brandenburg, Germany (from 10th September to 24th
September 2020)

ID County Matrix
Age
class Gender

Sample
origin
+

Estimated
mini-
mum
PMI
(days)
++

Estimated
latest
date of
death §

LLBB
IDEXX
ASFV

NRL
ASF
King
PCR

NRL
ASF
vi-
rotype
ASFV

NRL
ASF
Tignon
PCR

1 LK
Spree-
Neiße

Bone
marrow

Adult Female ? 14 24.08.2020 24 23 21 25

2 LK
Oder-
Spree

Swab
suspension

Subadult Female ? 0 11.09.2020 30 29 27 29

3 LK
Oder-
Spree

Blood
clot
suspension

Piglet n.d. ? 1 11.09.2020 20 21 21 21

4 LK
Oder-
Spree

Swab
suspension

Subadult Female ? Few
days

10.09.2020 30 25 29 25

5 LK
Oder-
Spree

Swab
suspension

Adult Female ? Few
days

11.09.2020 25 25 24 25

6 LK
Oder-
Spree

Swab
suspension

Piglet n.d. ? Few
days

08.09.2020 25 25 24 32

7 LK
Oder-
Spree

Swab
suspension

Subadult Female ? 3 10.09.2020 24 26 23 n.d.

8 LK
Oder-
Spree

Swab
suspension

Piglet n.d. ? 5 10.09.2020 28 28 25 29

9 LK
Oder-
Spree

Swab
suspension

Piglet n.d. ? 0 15.09.2020 26 25 24 27

10 LK
Spree-
Neiße

Bone
marrow

Subadult Male ? n.d. n.d. 27 30 27 31

11 LK
Spree-
Neiße

Bone
marrow

Piglet n.d. ? 30 17.08.2020 33 35 29 37
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ID County Matrix
Age
class Gender

Sample
origin
+

Estimated
mini-
mum
PMI
(days)
++

Estimated
latest
date of
death §

LLBB
IDEXX
ASFV

NRL
ASF
King
PCR

NRL
ASF
vi-
rotype
ASFV

NRL
ASF
Tignon
PCR

12 LK
Spree-
Neiße

Bone
marrow

Subadult Male ? n.d. n.d. 29 no cq 33 38

13 LK
Spree-
Neiße

Bone
marrow

Piglet n.d. ? 7 09.09.2020 31 36 30 37

14 LK
Oder-
Spree

Swab
suspension

Subadult Female ? 1 16.09.2020 23 21 n.d. n.d.

15 LK
Oder-
Spree

Bone
marrow

Adult Female ? 60 20.07.2020 30 33 31 34

16 LK
Oder-
Spree

Swab
suspension

Piglet n.d. ? 4 14.09.2020 26 25 23 25

17 LK
Spree-
Neiße

Bone
marrow

Piglet n.d. ? n.d. n.d. 37 35 no cq 34

18 LK
Spree-
Neiße

Bone
marrow

Piglet n.d. ? n.d. n.d. 19 20 17 20

19 LK
Spree-
Neiße

Bone
marrow

Piglet n.d. ? 2 17.09.2020 21 18 17 19

20 LK
Spree-
Neiße

Bone
marrow

Adult Female ? 14 05.09.2020 23 23 22 24

21 LK
Oder-
Spree

Swab
suspension

Piglet n.d. ? 7 12.09.2020 22 21 18 22

22 LK
Oder-
Spree

Swab
suspension

Piglet n.d. ? 1 18.09.2020 26 25 24 27

23 LK
Oder-
Spree

Bone
marrow

n.d. Female ? 80 01.07.2020 35 36 29 35

24 LK
Oder-
Spree

Bone
marrow

n.d.,
only
bones
left

Female
(?)

? 80 01.07.2020 32 31 29 32

25 LK
Oder-
Spree

Bone
marrow

Piglet n.d. ? 7 12.09.2020 20 19 18 21
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ID County Matrix
Age
class Gender

Sample
origin
+

Estimated
mini-
mum
PMI
(days)
++

Estimated
latest
date of
death §

LLBB
IDEXX
ASFV

NRL
ASF
King
PCR

NRL
ASF
vi-
rotype
ASFV

NRL
ASF
Tignon
PCR

26 LK
Oder-
Spree

Bone
marrow

n.d.,
only
bones
left

Male
(?)

? 10 09.09.2020 26 27 23 28

27 LK
Oder-
Spree

Bone
marrow

n.d.,
decomposed

n.d. ? 10 10.09.2020 28 27 26 29

28 LK
Oder-
Spree

Bone
marrow

Adult Female ? 6 13.09.2020 26 25 24 27

29 LK
Oder-
Spree

Bone
marrow

n.d.,
decomposed

n.d. ? 10 09.09.2020 25 22 21 24

30 LK
Oder-
Spree

Bone
marrow

n.d. Female ? 30 22.08.2020 20 24 21 n.d.

31 LK
Oder-
Spree

Bone
marrow

Piglet n.d. ? 14 07.09.2020 19 19 18 n.d.

32 LK
Oder-
Spree

Swab
suspension

Adult Male ? 2 19.09.2020 25 27 23 n.d.

n.d.: not determined

+ Sample origin: ?: carcass; ?: shot sick

++ Estimated minimum Postmortem Interval (PMI)

§ Estimated latest date of death: calculated as: finding date minus minimum postmortem-interval

Figure legends

Figure 1: Location of the first wild boar found dead in Germany in relation to the ASF restriction zones in
Western Poland (as of 10th September, 2020). Red line: German-Polish border, black lines: borders between
federal states in Germany and Voivodeships in Poland.

Figure 2 Surveillance effort since 1st November 2019 until 9th September 2020 in the federal state Branden-
burg. (Blue dots: passive surveillance: shot sick, found dead, involved in road traffic accidents; yellow dots:
active surveillance: shot apparently healthy.)

Figure 3: Locations of ASF cases in wild boar in Germany (as of 24th September 2020). Yellow star: first
detected case with estimated death date in August 2020; red dots: cases with estimated death date in July
2020; yellow dots: cases with estimated death date in August 2020; green dots: cases with estimated death
date in September 2020; black dots: cases, where the death date could not be estimated.

Figure 4: Phylogenetic reconstruction of ASFV whole genome sequences. The phylogenetic tree was con-
structed from MAFFT v7.388 aligned whole-genome sequences kindly provided by N. Mazur-Panasiuk and
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G. Woźniakowski and downloaded from INSDC-databases on 21st September 2020 using IQTREE v 1.6.5
with automatically selected models GTR+F+R3 (general time reversible model with unequal rates and un-
equal base frequency + empirical base frequencies + FreeRate model with 3 categories). Statistical support
of 10,000 ultrafast bootstraps using the ultrafast bootstrap approximation (UFBoot) (percentage values)
is indicated at the nodes. Taxon names include, where available, ASFV designation and INSDC accession
number. The scale bar represents number of substitutions per site. The ASFV P72 genotype II sequences
(yellow) and the ASFV Germany 2020/1 sequence (red) are highlighted.
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