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ABSTRACT

An African swine fever (ASF) outbreak in wild boars was first reported on October 2, 2019, in
South Korea. Since then, additional cases were reported in South Korea's border areas. We
here report the identification of ASF virus (ASFV) DNAs from two out of eight environmental
abiotic matter samples collected from areas where ASF-positive wild boar carcasses were
found. Comparative genomic investigations suggested that the contaminating ASFV DNAs
originated from the wild boar whose carcass had been found near the positive sample sites.
This is the first report on the identification of ASF viral material in wild boar habitats.

Keywords: African swine fever virus; environmental surveillance; microclimate; South Korea;
wild boar

INTRODUCTION

Since June 2007, African swine fever (ASF) has been gradually spreading from Georgia

to Asian countries, being first reported in China in August 2018, followed by continuous
outbreaks emerging in other countries including Vietnam, North Korea, and Mongolia. In
South Korea, ASF was first identified in a pig farm on September 17, 2019 [1,2] and in a wild
boar on October 2, 2019 [3]. All ASF cases in Korea have been restricted to the northern part
of the country, with the discovery of the first ASF-positive wild boar carcass at approximately
1.4 km distance from the South Korea border [3]. Until June 17, 2020, a total of 630 ASF cases
were identified in wild boars within the northern area delineated by the regional fence.

ASF virus (ASFV; the causative agent of ASF) is highly resistant to low temperatures and low
humidity, and remains infectious outside the host for a long time [4,5]. Therefore, it has been
supposed that any abiotic material, such as soil and water contaminated by the body fluids

of ASF-infected individuals, may serve as a primary source for indirect ASFV transmission in
local wild boars. Common behaviors of wild boars, such as frequent wallowing and bathing,
may increase the probability of opportunistic contact with natural fomites contaminated with
viral particles [5]. Recent investigations have detected ASFV DNAs in the feed and drinking
water supplied to pig farms, suggesting that ingestion of such contaminated materials can
also serve as an effective route for indirect ASFV transmission in domestic pigs [6]. However,
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reports focusing on wild boars and/or their natural habitat are scarce, and ASF-infected
regional studies are critical to establish epidemiological measures for the control of ASF.

MATERIALS AND METHODS

Study site

The present ASFV environmental survey was conducted on wild boar habitats in South
Korean border regions (Gyeonggi province: Paju, Yeoncheon; Gangwon province:
Cheorwon). A total of 19 outbreaks of ASFV were reported in Paju in 2019.

Abiotic matter sampling and viral DNA analysis

Mud and water samples were collected from areas located < 0.5 km from previously identified
ASFV-positive carcasses (2 mud samples from sites 1 and 2; 1 mud and 1 water sample

each from sites 3 and 4; Fig. 1). The mud samples (200 g) were suspended in phosphate-
buffered saline solution (1:5 v/v), sonicated for 3 min, and centrifuged at 13,000 rpm for

10 min at 4°C. The supernatants, as well as the water samples (1 L) from which debris had
been removed by primary sedimentation, were subjected to precipitation using PEG-NaCl
[7], and the DNAs were extracted using the Maxwell tissue kit (Promega, USA) according

to the manufacturer's instructions. A partial segment of ASFV B646L gene encoding the
capsid protein p72 (257 bp) was amplified by real-time and conventional polymerase chain
reactions, as recommended by the World Organization for Animal Health [6], using the

PPA1 (5'-AGTTATGGGAAACCCGACCC-3') and PPA2 (5'-CCCTGAATCGGAGCATCCT-3)
primers. Another region of the B646L gene was amplified using the p72-D
(5'-GTACTGTAACGCAGCACAG-3') and p72-U (5-GGCACAAGTTCGGACATGT-3') primers
as previously described [8]. After sequencing, the nucleotide sequences of the B646L segment
(402 bp) were used in a phylogenetic analysis using Mega 6.0 (neighbor-joining algorithm,
Kimura 2-parameter model, a bootstrap analysis with 1,000 replicates) [9].

® ASFV-positive site forwild boar

A Sampling site
50 m

Fig. 1. Locations of the ASF cases and environmental matter sampling. (A) Landscape of ASF-positive sites. Black arrow indicates a nest. Circles indicate two
waterholes where ASF-positive samples were collected. (B) Sampling site 3: a puddle close to the nest with wild boar tracks. (C) Sampling site 4: a bathing place
used by wild boars. (D) Satellite image (Google Earth) showing where ASF-positive wild boar carcasses were found (white dots) and environmental samples were
collected (white triangles). Sites from where ASF-positive environmental samples were collected are indicated with dotted circles. #18, #28, #31, and #32 in the

figure indicate carcass case numbers.
ASF, African swine fever.
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RESULTS

Between October 30 and November 30, 2019, four ASFV-positive wild boar carcasses were
identified within a 0.15-km radius area in Jeongja-ri, Gunnae-myeon, Paju, a city located

in the northwestern part of South Korea (cases #18, #28, #31, and #32; Fig. 1). The area

was located within a civilian-controlled area (total area, 5.6 km?) where limited small-

scale farming activities were allowed. The average rainfall a month and the normal average
temperature were 3 days and 5°C, respectively, during those days. We conducted a field
investigation on December 3, 2019, nearby where the ASF-infected carcasses were found, and
identified nests and waterholes with tracks and traces suggestive of wild boars (Fig. 1A-C).
Water and/or mud samples were collected from waterholes in each of the selected sites to
assess ASFV presence (Fig. 1D).

Of the eight environmental samples collected, viral DNAs were detected in mud and water
from sites 3 and 4, respectively (Fig. 1B and C). The partial B646L gene sequences of these
viral DNAs (GenBank accession numbers, MT771054 and MT771055) were identical to those
obtained from the four wild boar carcasses. A neighbor-joining tree showed that these

ASFV isolates were categorized within genotype II, together with the previously reported
Korean (Korea/195804/wb/2019/MN81797 and Korea/Pig/Pajul/2019/MN60396) and Chinese
(China/Jilin/2018/boar and China/Guangxi/2019/domestic pig) isolates (Fig. 2). Additionally,
the length of a C-stretch near the 13,267 genomic region, which was found to be highly
polymorphic among ASFV isolates [10], was also tightly conserved in all the ASFV genomes
isolated from the environmental specimens and the four wild boar carcasses (data not shown).

DISCUSSION

In this study, we detected ASFV DNAs in abiotic specimens, which had been collected in

the natural habitats of ASFV-positive wild boars with wallowing pool. Analysis of the viral
DNAs strongly suggested that these viral materials originated from the diseased wild boars,
presumably via excreted body fluids, including saliva, feces, and urine. As ASFV is highly
resistant to harsh environmental conditions, natural fomites may serve as a source of indirect
ASFV transmission in wild boar populations.

After the first emergence of ASF in wild boars in South Korea, many efforts have been
conducted to prevent spread of the fatal disease, including the strict separation between
infected and ASF-free areas by border fences, culling, and carcass removal. Similarly, to
what occurred in European countries affected by the sylvatic cycle of ASF, natural predators
of wild boar have disappeared from Korean ecosystems, and this situation likely contributed
to the high population density of wild boars. As ASF transmission occurs through direct
contact between susceptible and infectious individuals within a population [11], a high
wild boar population density can potentially facilitate the spread of porcine diseases. Active
country-wide population control is in process within and around the outbreak regions

to prevent further spread of ASF in wild boars by lowering the population density of wild
boars [3]. Meanwhile, wild boars obtain a considerable fraction of their diet by grubbing
the soil to search for edible plants and animals [12]. It is also well known that the wild
animals frequently wallow in mud for cooling, sunburn protection, and removal of ecto-
parasites [13]. Therefore, the soil and mud contaminated with the body fluids/materials of
ASFV-positive wild boars can be considered major sources of indirect transmission of ASF.
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0.01 @ Korea/ES/19ES595/MT771054
- @ Korea/ES/19ES594/MT771055
#18 Korea/wb/1951676/MT771050
#28 Korea/wb/19S3404/MT771051
#31 Korea/wb/1983405/MT771052
#32 Korea/wb/19S3646/MT771053
Korea/Pig/Paju1/2019/MN603967
Korea/wb/DMZ/2019/MN817977
China/Jilin/2018/boar/MK 189456
China/Guangxi/2019/Domestic pig/MK670727
Georgia 2008/01/Domestic pig/MH910495
Georgia 2007/1/NC_044959
Irkutsk 2017/Domestic pig/Russia/2017/KY963545
Georgia 2008/02/MH910496
China/2018/AnhuiXCGQ/MK 128995
Estonia 2014/L.S478113
ASFV_HU_2018/MN715134
CzechRepublic 2017/1/ LR722600
Pol14/Sz/Wild boar/Poland/2014/KJ627217
ZAM/2017/Mbala/1/LC322016
88 Ndjassi-77/Congo/1977/KM236553 I Type |
Lisbon/60/Domestic pig/Portugal/AF301539
ZIM/92/1/Zimbabwe/DQ250119 I Type XVII
NAM/1/95/Namibia/DQ250122 1 Type XVIiI
MK200/Mozambique/KJ526369 I Type V
Tengani/Malawi/W arthog/AF301541
MOZ/94/1/Domestic pig/Mozambique/1994/AF270711 | Type VI
MOZ_10/2006/Soft tick/Mozambique/2006/KY 353989 I Type XXIV
RSA/1/96/South Africa/DQ250125 1 Type XXI
RSA/1/99/W/AF449477 | Type IV
SPEC/125/South Africa/DQ250112 I Type XIX
RSA/1/95/South Africa/DQ250123
Lillie/Domestic pig/South Africa/DQ250109 | Type xx
BOT/1/99/Botswana/AF504886 I Type Ill
SPEC/257/South Africa/DQ250120

Type Il

89

97

78

73]

99| SPEC/260/South Africa/DQ250121 I Type VI
99 RSA/1/98/W athog/South Africa/AF302818
SPEC/245/South Africa/DQ250117 I Type XXII
97 | Malawi/1978/Malawi/AF270707
MOZ/1/98/Domestic pig/Mozambique/AF270705 | Type v
KAB/62/TIck/Zambia/AY351522 I Type XI
82 MFUE®6/1/Zambia/AY351561 I Type XII
MZI/921/Domestic pig/Malawi/AY351543
SUM/1411/Tick/Zambia/AY 351542 I Type XIll
73 TAN/1/01/Tanzania/AY494552 | Type XV
TAN/2003/2/Tanzania/AY494551 | Type XVI
NYA/12/Zambia/AY351555 | Type XIV
99 Hinde/1/Kenya/AY351530 I Type X
BUR/1/84/Domestic pig/Burundi/1984/AF449463
UGA2003/1/Uganda/AY 351564 I Type IX

99 | ETH/1/Sus scrofa/Ethiopia/2011/KT795354

ETH/3/Domestic pig/Ethiopia/2011/KT795360 | Type xxii

Fig. 2. Genotypes of ASFV isolates investigated in this study. The neighbor-joining tree was constructed based
on an alignment of partial B646L sequences. ASFV isolates from wild boar carcasses and environmental samples
identified in this study are presented in bold font. Numerals at branching nodes indicate bootstrap percentages
of 1,000 replicates (> 50%). Scale bar indicates the number of nucleotide substitutions per site.

ASFV, African swine fever virus.

Together with reduced home range, the overlapping food sources and waterholes due to the
increased wild boar population density [14] would increase the possibility of the soil/mud-
mediated viral transmission.

ASFV viability outside a host is dependent on temperature and media type [5,11]. ASFV can
maintain its infectious potential in soil and water for up to 112 and 176 days, respectively,
during the cold season [15]. In natural habitats, ASFV transmissibility through contaminated
abiotic matter can be further influenced by various environmental and/or biological factors
[4] and by specific behavioral patterns of wild boars [11]. For instance, most contacts among
wild boar individuals within a group occur within a range of 0.5-1 km, which is in accordance
with the recent prediction that 80% of the ASF events in wild boars are likely to occur through
within-group transmissions [11].
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Microclimate conditions may have further influenced on the results of this study. The
collection sites of negative samples (sites 1 and 2) were located in open agricultural areas
directly exposed to sunlight during daytime. In contrast, two positive samples (sites 3 and 4)
were collected from an area immediately adjacent to a patch of forest that was consistently
covered in shade, where the cooler temperature could have contributed to the prolonged
stability of the viral material. Alternatively, the lack of viral material in the negative samples
could be partly attributable to the strong disinfection activity conducted in the surrounding
area or to the relatively long delay in sample collection after the discovery of the carcasses
(35, 8, and 5 days delay for carcasses #18, #28, and #31/#32, respectively). Ct values of the
positive samples were 31.2 (site 3) and 32.5 (site 4), while that of the nearby wild boar carcass
sample (#32) was 18.9. No infectious ASFV particles could be detected in these positive
samples in the in vitro infection assays performed using porcine alveolar macrophages (data
not shown). A similar situation was recently reported in an investigation using buried wild
boar carcass-related materials [16]. Considering the greatly reduced Ct values of positive
samples, the negative infectivity is likely a result of the low viral burden. It is also possible
that there are no infectious viral particles in the natural samples, since the types of soil
components, such as humic acids, are known to abolish the infectivity of ASFV [17].

In conclusion, our study confirmed the presence of viral genomes in the abiotic matters
obtained within ASFV-positive wild boar habitat. This finding suggests a potential function
of the environmental matters as a source for indirect transmission of ASF in wild boars with
spatiotemporally overlapping habitats. Further studies focusing on the effects of natural
factors on the persistence of viral infectivity will be necessary to gain further insight into the
epidemiological role(s) of abiotic matters related to the indirect transmission and/or sylvatic
cycle of ASFV in wild boar populations.
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