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(S I N

Abstract: African swine fever (ASF) in Asia and the Pacific is currently dominated by ASF virus
transmission within and between domestic pig populations. The contribution made by wild suids is
currently not well understood; their distribution, density and susceptibility to the virus has raised
concerns that their role in the epidemiology of ASF in the region might be underestimated. Whilst in
the Republic of Korea wild suids are considered important in the spread and maintenance of ASF
virus, there is an apparent underreporting to official sources of the disease in wild suids from other
countires and regions. A review of the current literature, an analysis of the official reporting resources
and a survey of the World Organisation of Animal Health Member delegates in Asia and the Pacific
were used to assess the potential role of wild suids in ASF outbreaks, and also to gain insight into
what ASF management or control strategies are currently implemented for wild suids. Applying
appropriate population control and management strategies can be increased in some areas, especially
to assist in the conservation of endangered endemic wild suids in this region.

Keywords: African swine fever; Asia and the Pacific; wild suids; endemic pigs; feral pigs;
population control

1. Introduction

There is an ongoing global panzootic causing high mortality in certain suids as a result
of African Swine Fever virus (ASFV) infection. ASFV is a large, double-stranded DNA
virus from the Asfarviridae family, and is enveloped with genomic DNA of approximately
170-193 kb [1]. The current spread involves predominantly the transmission of genotype II
strains of the ‘Georgia 2007’ type virus [2]. Some attenuation has been observed in Estonia,
but most strains observed during the current ASF panzootic are highly virulent [3,4]. There
is currently no vaccination available for use in controlling the disease, although there has
been an increasing research focus on this area [5]. ASFV has many transmission routes;
these include direct contact with an infected pig or pig carcass, scavenging of infected
carcasses or pork products from infected animals, contact with fomites contaminated with
blood, faeces, urine or saliva from infected pigs (including bedding, feed, equipment,
clothes and footwear, and vehicles), and spread by Ornithodoros spp. ticks (particularly O.
moubata) [6]. ASFV is robust to degradation in pork products and in the environment [7].
There are several forms of ASF disease: acute, which leads to death of up to 100% of infected
pigs, typically after 6-13 days; subacute, where mortality rates are lower (30-70%) and
clinical signs can be exhibited for long periods of time; and chronic, in which mortality is
low and a small number of affected individuals may become virus carriers for life with
periodic viraemia [8-10]. However, some authors contend that there is insufficient evidence
of a subclinical carrier state [11,12]. Eurasian wild boar and feral pigs (both Sus scrofa)
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are highly susceptible to disease, with clinical signs and mortality rates equivalent to
those seen in domestic pigs (also S. scrofa) [13]. The impacts of ASF outbreaks have had a
cascading effect, threatening domestic populations, the livelihood of farmers (particularly
smallholders), the food supply chain and ultimately food security [14]. The panzootic
might also put further pressure on the population viability of already threatened endemic
wild suid species [15,16].

In terms of the broad geographical progression of the current panzootic, suid popula-
tions in the Republic of Georgia and the Russian Federation were first exposed to ASFV
in 2007. This probably occurred through improper disposal of contaminated pork meat
from a ship at Poti docks [17], which led to widespread infections in European domestic
pigs and wild boar from 2014 onwards [18,19]. During August 2018, African swine fever
was first reported in Asia, China, then spread rapidly across the North-East in domestic
pigs; it then spread to the South-East, likely due to local suid movements and ineffective
biosecurity [20]. It has since spread to other areas throughout Asia, and into Papua New
Guinea, which has been the only region in the Pacific to have experienced an outbreak.
Geographical, ecological and epidemiological evidence indicates that ASFV transmission is
multifaceted and varies across different regions of the world, with differences in the roles
that wild and domestic pigs play in virus maintenance and spread [21]. In many European
outbreaks, particularly in western Europe, domestic pig infections have been primarily
due to wild boar sources [8,22-24]. However, in other areas there has been evidence of
both wild and domestic pig populations contributing to ASFV spread. For example, in
Romania, outbreaks in domestic pigs were associated with proximity to outbreaks in wild
boar and wild boar abundance [24]. Similarly, in some Mediterranean countries, it was
observed that where the disease is actively circulating in domestic pig populations, there
were also high densities of wild boar and contact between wild boar and free-ranging pigs,
suggesting that wild boar have a role in the spread of the virus [23]. In contrast, in other
regions in Eurasia, outbreaks have been initiated within the domestic population cycle,
wild boar being of secondary importance to transmission (although regular spillover events
and sometimes virus transmission were inferred). For example, in the Russian Federation
and Caucasus, ASFV transmission is associated with the movement of live domestic pigs
and pork products, or with poor biosecurity in smallholder pig production [25]. It may be
inferred that where wild boar outbreaks have been reported in regions of Asia, the direction
of transmission is more commonly domestic pigs to wild boar than vice versa [25,26].

More is known about the epidemiology of ASF in wild suids in Europe than in Asia
and the Pacific region, as more surveillance, research and epidemiological analyses have
been conducted [8,24,25,27]. This knowledge can assist in understanding the epidemiology
of ASF and suitable management interventions within Asia and the Pacific contexts, where
evidence is still limited. For example, in western Europe, carcasses appear critical to the
overwintering of ASFV in a region, whereas this might be less of a concern in particu-
lar regions of Asia and the Pacific that have warm tropical climates [28,29]. The large
geographical region of Asia Pacific is in a unique position, containing twelve species of
locally endemic wild suids which are unevenly distributed across the Asian part of this
region. These species are generally in population decline, and most have a sub-optimal
conservation status such as threatened or endangered [30]. The exception is the common
and widespread S. scrofa, which occurs as domestic pigs, Eurasian wild boar or feral pigs.
The locally endemic pig species contribute substantially to the diversity of the Suidae
family globally, and are an important conservation resource. In contrast, in the Pacific and
Australasian regions wild suids are introduced Sus scrofa (feral pigs), which although an
invasive pest species [31,32] can be highly valued as a food and cultural resource. As all
Suidae species are believed to be susceptible to ASFV infection [16], this creates difficulty
in balancing ASF management and control scenarios, whilst respecting the diversities of
cultures, food security and conservational importance of wild suids [23,33].

The objectives of this paper are to review the role of wild suids in ASF spread across
the Asia and Pacific region, including the ecology and distribution of wild Sus scrofa and
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endemic wild suids, ASF reports, transmission pathways, and control measures in place
for wild suids. We address these objectives by a review of the literature, an assessment of
national surveillance data analysis and an expert opinion survey.

2. Materials and Methods

This paper includes a scoping review of published literature and reports from official
databases; and a follow-up survey of World Organisation for Animal Health (WOAH)
delegates and representatives in Asia and the Pacific.

2.1. World Organisation for Animal Health Wild Suid in the Asia Pacific Region Project

This review was developed following a broader report developed for the WOAH Asia
Pacific regional office on the role of wild suids in transmission of the ASF panzootic in
the Asia and the Pacific region. The full project report was published by the WOAH [34],
and pertinent parts were refocused to produce this paper. The project team worked with a
WOAH expert advisory group from the region.

2.2. Study Area and Definitions

The study area is defined as the 32 WOAH Member States within the Asia and Pacific
region (Table 1).

Table 1. World Organisation for Animal Health (WOAH) Members within the Asia and the Pacific Regions.

WOAH Members for the Asia and the Pacific Region

Australia

Bangladesh

Bhutan

Brunei
Cambodia

China (People’s Republic of)
Chinese Taipei
Fiji

India Maldives Papua New Guinea
Indonesia Micronesia (Federated States of) Philippines
Iran Mongolia Singapore
Japan Myanmar Sri Lanka
Korea (Democratic People’s Republic of) Nepal Thailand
Korea (Republic of) New Caledonia Timor-Leste
Laos New Zealand Vanuatu
Malaysia Pakistan Vietnam

In this paper, ‘wild suids’ are considered unmanaged suid populations, including wild
or feral populations of Sus scrofa, other wild suidae and hybrids, whilst domestic pigs refer
to managed populations (further defined in Supplementary Material Table S1).

2.3. Literature Review and Official Reports

For this review, a hybrid qualitative—quantitative approach was used to gather recent
and available information on the potential role wild suids may have on the ASF situation
in Asia and the Pacific. This was achieved by searching a combination of online litera-
ture databases (Web of Science, Medline and PubMed Central), using key terms such as;
“ African swine fever” OR “African swine fever virus” OR “ASF” OR “ASFV” AND “wild
pig” OR “feral pig” OR “wild boar” OR “endemic pig” OR “Sus scrofa” OR “Sus” OR
“Babyrousa” OR “Porcula” AND “outbreak” OR “transmission” OR “spread” OR “suscepti-
bility” AND “Asia” OR “Pacific” OR “Oceania”. In addition to searching grey literature
and through formal meetings with the Food and Agriculture Organisation of the United
Nations (FAO)/WOAH Global Framework for the progressive control of Transboundary
Animal Diseases (GF-TADs) standing group of experts on ASF [35,36]. The World Animal
Health Information System (WAHIS), FAO and IUCN databases were used to gather quan-
titative data on the spread of the disease, reported outbreaks and cases, and the wild suid
species distribution and conservation status across the study extent [37-39]. Specifically,
the “disease situation’, ‘qualitative data’, and ‘control measures” dashboards were used
from WAHIS and data were collected from the online system, with the last search for this
paper being conducted on the 7 August 2022 [40-42].
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2.4. Survey

This study was undertaken following protocols approved by the University of Mel-
bourne Human Ethics Committee (application number 2021-23073-23872-3). The online
survey tool Qualtrics [43] was used to design, create and distribute the questionnaire,
which comprised mostly closed questions (Supplementary Materials, Questionnaire S1).
The survey was distributed in October 2021 by email to WOAH Member delegates within
Asia and the Pacific via the WOAH regional representative network. It remained open
for approximately 6 weeks. In instances in which more than one delegate from a Mem-
ber provided a response to the survey, where possible their results were amalgamated to
represent a single response. If there were contradictory answers provided by multiple
respondents from the same Member, the answer was amalgamated with preference given
to ‘yes’ answers—for example, if there was an ‘unsure’ or ‘no’, and a ‘yes’ response for the
same question, ‘yes” was used as the final answer.

Descriptive statistical outputs from the Qualtrics survey tool were examined. The
responding Members were categorised as; low, lower middle, upper middle or high income
status, based on the latest World Bank data [44]. Throughout the analysis, Sus scrofa was
categorized as ‘wild boar” if it was endemic in the Member State, otherwise as ‘feral pigs’ if
introduced and naturalized.

3. Results
3.1. Ecology and Distribution of Wild Sus scrofa in the Region

Sus scrofa is endemic in the Sino-Japanese and Oriental zoogeographic regions of
Asia and the Pacific. In contrast, they are introduced in the Oceania and Australian
zoogeographic regions, where they inhabit almost all islands, including Australia, New
Zealand, and Papua New Guinea. In many of these locations, the populations are a hybrid
mix of introduced Sus scrofa and domestic pigs [32].

Broadly, Sus scrofa is widely distributed and abundant across Asia and the Pacific [16,37,45].
However, specific information on the distribution, density and ecology of the unmanaged
populations of Sus scrofa within the Asia and the Pacific region tends to be limited, with few
exceptions (e.g., Australia [46,47]). Recent studies have innovatively used geo-mapping systems
parameterised with the estimated climatic and topographic tolerance limits of Sus scrofa to
broadly assess the distribution of pigs based on available habitats within Eurasia [48,49]. These
studies concluded that ecological patterns have a major role on wild suid distribution and
density in the Asia and the Pacific region.

Wild Sus scrofa are very adaptable and so found in various subalpine, temperate,
subtropical and tropical habitats in the region, including riparian areas, semi-desert areas,
rainforests, woodlands, grasslands and reed jungles [32,37,50,51]. They are typically found
near thick vegetation, and if the area is warm or dry, then close to a water source [50]. This
can make wild Sus scrofa difficult to observe and survey, and thus also make management
and surveillance challenging.

Wild Sus scrofa are opportunistic omnivores: their diet varies depending on loca-
tion and food availability. It is usually predominantly plant material, with some ani-
mal components such as carrion (including pig carcasses), small mammals and livestock
(e.g., sheep) [37,52-54]. As well as cannibalistic scavenging, Sus scrofa may show be-
havioural interest in conspecific carcasses, including investigating the soil next to and
under them for invertebrates and thereby making direct contact with the carcass [55]. Both
of these factors represent a considerable risk in the transmission of ASFV to Sus scrofa in
some environments, as carcasses can remain infectious for substantial periods of time under
favourable (cold) conditions, with experimental conditions confirming ASFV detection
ranging from 3 months to over 2 years [56-58].

Social behaviour and group size of ‘sounders’—the matrilineal (female) groups in
which wild suids live—can also considerably affect disease transmission. Sus scrofa is
non-territorial and social, with overlapping home ranges and interactions between separate
sounders or larger herds of wild suids. Sounders generally comprise up to 50 individ-



Viruses 2023, 15, 61

50f16

uals; however, when water is scarce and sounders aggregate at available water sources
larger groups of up to a hundred pigs have been observed [32,59]. Population densities
of sounders can be greater than 20 pigs/km?, with large home ranges of up to 30 km?,
depending on available food resources (where food resources are scarce—for example,
during colder or drier seasons—home ranges may be relatively increased) [60-63]. Prox-
imity to water sources is important in hot environments for thermoregulation [50], and
wild suid sociability leads to close contact at such aggregation points. Given that Sus scrofa
infected with ASFV are thought to specifically seek cool, moist and sheltered environments
(including water-related areas) to ease clinical signs [64], there is a high potential for the
spread of infections within and between separate groups of pigs at such locations.

In Asia and the Pacific region, domestic pigs may be free-ranging, semi-free ranging
or housed, and may be located near wild suid populations. Interaction and contact have
been observed globally between free-ranging or housed domestic pigs and wild suids in
Europe [23,65,66] and the Asia and the Pacific region [67,68]. These interactions may be an
important factor in the spread of ASFV to wild suid populations.

There were 35 responses to the survey, representing 27 different WOAH Members
within Asia and the Pacific; not all Members responded to every question. The most
common species present was Sus scrofa (wild boar or feral pig) (96%, n = 26/27 Members).
Whilst many Members knew they had wild suids present, many (67%, n = 18/27) noted
there was no information on the distribution or density of wild suids, or left these sections
blank on the survey, suggesting a lack of knowledge.

3.2. Ecology of Endemic Wild Suids and Their Potential Role in African Swine Fever Transmission

There are 12 species of endemic wild suid in Asia. These include the abundant
Sus Scrofa, 10 species endemic to South-east Asia (including seven Sus spp. and three
Babyrousa spp.), and Porcula salvinia (endemic to North-East India). These species contribute
substantially to the diversity of Suidae species globally and are an important conservation
resource. All these endemic species, except for Sus scrofa, are declining in population
distribution and abundance (acknowledging a lack of recent data available for many species;
Table 2). Their conservation status varies from near threatened to critically endangered due
to various processes (including habitat loss). Within these wild suid species, some features
may contribute to the epidemiology of ASE. For example, bearded pigs (S. barbatus) can
migrate vast distances to forage for fruits, which could facilitate the spread of ASFV if pigs
are incubating the virus. However, the incubation period and whether there are carrier
states for ASFV in bearded pigs is unknown.

3.3. African Swine Fever in Wild Suids

African swine fever in wild suids has been primarily documented in the Asian coun-
tries of the region (Figure 1). Anecdotally, ASFV detections in wild suids have regularly
been judged to be secondary to domestic pig outbreaks, having been confirmed several
months after domestic pig outbreaks in the same area [39,80]. For example, in Vietnam
ASFV was confirmed in domestic pigs in February 2019, and then in wild boar in December
2019 [45]. Meanwhile, Cambodia has yet to report ASFV in wild suids despite confirmation
in domestic pigs in March 2019 [45]. It has been suggested that the spread of ASFV by wild
suids is underestimated in Asia [22,81].

Cases of ASF have been documented in bearded pigs in Borneo [71-73] and Philippine
warty pigs [75]. In the case of Philippine warty pigs, it was specifically noted that the
disease appeared similar to that in domestic pigs [75]. ASFV was not reported in the other
endemic species, which may be attributed to limited surveillance activities within the
regions or a lack of transmission to these species (Table 2).

The susceptibility of the other wild suid species in which ASF has not yet been reported
is poorly understood, though plausible [8,16,23,33]. Pigs of the genus Sus (bearded pigs
and warty pigs) are predicted to be similarly susceptible to infection and disease as other



Viruses 2023, 15, 61 6 of 16

Sus species and subspecies; it is not known if susceptibility or ASFV virulence differs in
wild suids of other genera (Babyrousa spp. and Porcula salvania) [82].

Table 2. Summary of wild suid species, current African swine fever (ASF) status, distribution, and
population size (data mostly collected from the International Union for Conservation of Nature [15])
in the Asia Pacific region.

Species ASF Detected Distribution Population Size (Estimate)

Widely distributed across
Wild boar/Feral pig Asian countries in the oriental

(Sus Scrofa) Yes [13] and Sino-Japanese Abundant throughout the region
p
zoogeographic regions !
Sulawesi babirusa .
(Babyrousa celebensis) No Indonesia 9999 [69]
Hairy babirusa No Indonesia No recent data available 2
(B. babyrussa)
Togian Islands babirusa .
(B. togeanensis) No Indonesia 1000 [70]
Bearded pig Yes [71-73] Indonesia, Brunei, Malaysia 3 No recent data available
(Sus barbatus)
Javan warty/Bawean warty pig No Indonesia S. v blouchi: 172-377 [74] *
(S. verrucosus)
Sulawesi warty p1g No Indonesia No recent data available
(S. celebensis)
Philippine warty pig (S. philippensis) Yes [75] Philippines No recent data available
Mindoro (oliver’s) warty pig (S. oliveri) No Philippines No recent data available
Palawan bearded pig T .
(S. ahoenobarbus) No Philippines No recent data available
Visayan warty pig . .
(S. cebifrons) No Philippines No recent data available
Pygmy hog No India, Bhutan 5 100-250 [76]

(Porcula salvania)

1 As defined in Holt et al. (2013) [77]. 2 In 2000, an estimate was made of 4000 individuals [78]. 3 Extinct in
Singapore, possibly extinct in the Philippines [79].  No recent data are available for the species more broadly.
5 Presence in Bhutan is uncertain [76].

12000 km

Figure 1. African Swine Fever cases in wild suids reported to the World Animal Health Information
System, red shaded regions representing African swine fever is present and green representing absent [41].

The reporting to WAHIS (as of 7 August 2022) of ASF in wild suids is limited [38].
Reports have been submitted by four WOAH Members in the region—China, the Republic
of Korea, Laos, and Malaysia (Table 3, Supplementary Material Table S2). However, it was
found in the literature that 9 Members have had ASF outbreaks in wild suids (Table 4; [39]),
an increase compared to the WAHIS database.
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Table 3. Reports of African swine fever in World Animal Health Information System in wild suids in
World Organisation for Animal Health Members of Asia and the Pacific.

. New Killed and
Member Year Species Outbreaks Cases Disposed of Deaths
China
(People’s 2018-2020 Wild boar 4 316 310 304
Republic of)
Laos 2019 Suidae (unidentified) 2 6 0 6
Wild boar 50 115 0 115
Malaysia 2021 Bearded pigs 2 13 0 13
2 5 - 5
2019-2022 Wild boar 2047 2856 227 2350
Korea (the Republic of) 2021 Suidae (unidentified) 4 4 0 4
2021 - 1 1 0 1

Table 4. Reported outbreaks of African swine fever by World Organisation for Animal Health
members in Asia-Pacific from 2018 to present (7 August 2022).

Member Outbreak Start Date, Classification of Infected Details of Disease Spread
Status Sus scrofa
Bhutan [83,84] 6 May 2021 (ongoing) Wild and domestic Detected m.free—roaml.n & pigs, then to
semi-commercial farm.
Cambodia [85] March 2019 (resolved), Domestic Detected in backyard pigs, from

China (People’s Rep. of)
[86-88]

India [85,89]

Indonesia [16,85,90,91]

Korea (Dem. People’s
Rep. of) [92]

Korea (Rep. of) [93]
Laos [45,85]

Malaysia [94]

Mongolia [95]
Myanmar [96]
Nepal [97]

Papua New Guinea [98]

Philippines [85,99]
Thailand [84]

Timor-Leste [100]

Vietnam [45,85]

unregulated importing of pork.
Likely domestic contaminated wild,

1 August 2018 (ongoing) Domestic and wild hypothesised spread due to
tick-to-pig transmission.
Detected in domestic pigs then in dead
26 January 2020 Domestic and wild wild boars. Predicted to be from wild
boar-habitat cycle.

17 December 2019 Domestic and wild Squrce S unknown., sprea.d by
animal-human-vehicle-animal.

23 May 2019 Domestic Detected in Chagang-do (border with China)

17 September 2019 Domestic and wild Predicted to spread from domestic to wild

boar by Anthropogenic interactions.
Spread from domestic to wild boar due to
free-ranging farming styles.
First case in domestic pigs was triggered
after wild boar case.

20 June 2020 (resolved) Domestic and wild

8 February 2021 (ongoing) Wild and domestic

10 January 2019 (resolved) Domestic Likely spread due to swill feeding.
14 August 2019 (ongoing) Domestic Detected in a farm due to pigs dying.
16 May 2022 (ongoing) Domestic Likely spread due to swill feeding
Unknown/ inconclusive of source or
5 March 2020 (ongoing) Domestic origin, spread by illegal imports of infected
pork products and scavenging.
25 July 2019 (ongoing) Domestic and wild Suspectediri?p};;/ee dsgl;iililf(:z‘.a resident
January 2022 (ongoing) Domestic Detecfjé?\gi?;ﬁ;ﬁiﬁfgl.gs and
9 September 2019 D . Unknown source, likely due to
. omestic Lo .
(ongoing) transporting infected pigs.

Detected in domestic pigs then wild boar.
Spread is likely due to farming method and
spillover by domestic pigs

1 February 2019 (ongoing) Domestic and wild
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African Swine Fever Transmission Pathways Reported in the Survey

The most frequent reported routes of ASFV transmission between domestic and wild
suid populations are direct contact or scavenging of infected carcasses; transmission may
also occur through wild suids having access to swill and contact with fomites and effluent
from pig production (Table 5).

Table 5. African swine fever virus transmission routes in wild suids reported by 5 Members within
regions of Asia and the Pacific.

Domestic—Wild (60%, n = 3/5)

Direction of transmission nominated in the survey Wild—Wild (60%, n = 3/5)

responses

Wild—Domestic (60%, n = 3/5)
Unsure (40%, n = 2/5)

Transmission

Direct contact (pig-to-pig) (n = 5)
Direct contact with infected dead pig carcass (1 = 3)
Scavenging of food /waste from domestic pig farms (1 = 3)

mechanism nominated in the survey responses Indirect contact (n = 3)

Spread via pig effluent from domestic piggery (n =1)
Spread via pig products (i.e., pork) (n = 1)

Of the participating WOAH Members, ASF in wild suids has been detected predom-
inantly in wild boar/feral pigs (Sus scrofa) (39%, n = 9/23). It has also been detected in
bearded pigs (Sus barbatus) and Philippine warty pigs (Sus philippensis) by two separate
members. The question regarding the transmission of ASFV was left unanswered by many
respondents possibly due to limited surveillance in wild suids in the area, however the
small quantity of answers reported transmission occurring in both directions between wild
and domestic pigs (Table 5).

3.4. Control Measures in Place for African Swine Fever

There is currently no viable vaccine or treatment available for ASF, placing reliance
on prevention and traditional control strategies to protect pig populations [101]. The
application of appropriate control measures depends on numerous factors, such as the
location, type of pig production, movements of animals, and biosecurity strategies in
place [102]. Almost all WOAH Members (30/32) in Asia and the Pacific have reported
to WAHIS at least one control measure in place for ASF, with general surveillance and
disease notifications being the most common (Table 6). However, in the survey 17/23
(73.9%) Members reported the use of specific control or prevention strategies for ASF in
wild suids, which were not represented in the WAHIS data. Overall, a variety of control
methods were used, more frequently in high income Members than low-to-middle income
Members (Table 7). There were fewer responses within the survey (n = 17) compared to
WAHIS (n = 30), with surveillance being one of the most used control measures. Population
control/culling tools were reported by 13% (1 = 3/23) of responding Members. All three
used hunting (i.e., shooting on the ground and trapping) as a part of this strategy; one
Member also used poison baiting and aerial shooting.

3.5. Correlation between Survey-Reported Control Measures and the Implementation of Other
Prevention Strategies

3.5.1. Biosecurity, Pig Production Type and Wild Species Present

Domestic pig farming of Sus scrofa with poor biosecurity represents a considerable risk
for ASFV transmission, especially where wild suids are in close proximity to domestic pigs.
The majority of Asia and Pacific Members conduct domestic pig farming (72%, n = 18/25),
of which small-scale (n = 15) and medium-scale (n = 14) production were reported in the
survey to be the two most common systems (Table S2). Large-scale production was also
reported (n = 11). The use of small-scale production systems occurred mostly in developing
Members (1 = 11), and 54.5% (n = 6) use free ranging/scavenging systems, of which half
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also had wild suids present. The control measures implemented by these developing
Members were minimal (Table 7). For example, the survey found biosecurity was only
used in 18% (n = 2/11) and fencing was not used by any of the developing Members with
free-ranging systems that were reported. Overall, biosecurity practices were implemented
in mostly developed Members (78%), and not utilized in any Members where endemic
wild suid populations were present.

Table 6. Control measures reported in place for ASF in wild suids, per WAHIS [40] reporting and
FAO [39], in the Asia Pacific region.

Income Gener.al Target?d Dis.ea.se o . Cor.ltro.l of  Control
Status * Member Surveil- Surveil- Notifica-  Monitoring Zoning Wildlife of
lance lance tion Reservoirs Vectors
Australia Yes Yes Yes Yes - - -
Brunei Yes - Yes - - - -
. Chinese Taipei - - Yes - - - -
. High Japan Yes - Yes Yes - Yes -
income Korea v v v
(Republic of) ©s ) ) ) ©s ©s )
New Caledonia - - Yes - - - -
New Zealand Yes - Yes - - - -
Singapore Yes - Yes Yes - - -
UPper (People’(s:}I;l:;ublic of) Yes Yes Yes Yes Yes Yes Yes
middle Fiji Yes - Yes - - - -
Malaysia Yes Yes Yes Yes - Yes -
Maldives - - Yes - - - -
Thailand - - Yes - - - -
Bangladesh Yes - - - - - -
Bhutan Yes Yes Yes
Cambodia - - - - - - -
India - - Yes - - - -
Indonesia Yes - Yes Yes - - -
Iran - - - - - - -
Lao Yes Yes - - Yes - -
Micronesia _ - Yes - - - -
Lower (Federated States of)
middle Mongolia Yes - - - - - -
Myanmar Yes
Nepal Yes - - - - - -
Pakistan - - - - - - -
Papua New Guinea Yes - - - Yes - -
Philippines Yes - Yes - Yes - -
Sri Lanka - - - - - - -
Timor-Leste - - - - - - -
Vanuatu - - Yes - - - -
Vietnam Yes - - - - - -
Korea
Low (Democratic People’s - - Yes - - - -
Republic of)
TOTAL 19 5 19 6 5 4 1

* Income status as per the World Data [44].
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Table 7. Proportion of different control methods for Sus scrofa applied throughout Asia and the Pacific
reported in the survey.

Fencin Zonin Biosecurit Surveillance Carcass Vector Culling/Population Border
8 8 y Disposal Control Control Quarantine
Sus Scrofa 24% 18% 53% 53% 29% _ 18% 35%
(n=4/17) (n=3/17) (n=9/17) (n=9/17) (n=5/17) (n=3/17) (n=6/17)
Proportion
implemented in:
High-income 75% 100% 67% 44% 80% ~ 100% 83%
Members (n=3/4) (n=3/3) n=6/9) (n=4/9) (n=4/5) (n=3/3) (n=5/6)
Upper
. . 25% 11% 17%
Middle-tncome (n=1/4) ; (n=1/9) ; ; ; (n=1/6)
midder ) ) 2% 56% 20% ]
Members (n=2/9) (n=5/9) (n=1/5)
Low-income B B R R B B R
Members

3.5.2. Wild Suid Carcass Disposal and Climatic Conditions

The disposal of dead wild suid carcasses was reported to be used in six different
Members, of which four are considered to commonly experience winters below —5 °C (and
during summer, these four Members rarely experience temperatures above 25 °C). The
very low temperatures are ideal for carcass preservation in the environment, thus removing
dead wild suid carcasses may substantially limit opportunities for transmission of ASFV
in these countries. In comparison, the two other Members that reported removing dead
pig carcasses rarely experience such extreme cold weather, with temperatures above 30 °C
common during summer. It was assumed that reporting the carcass disposals of endemic
wild suid populations would be too infrequent to include in the survey due to their low
population densities.

3.5.3. Border Quarantine and Land Type

Border quarantine strategies were reported to be in place in six different Members,
of which five represent land that is classified as islands. Border quarantine on islands
is generally easier to implement, and incursions and imports of wild suids or infected
products are easier to manage, than for Members separated by land borders.

3.5.4. Wild Suid Management Strategies and Sus scrofa Status

The majority of responding Members reported managed hunting strategies for wild
suids (52%, n = 12/23). Reasons for hunting were primarily for food (78%, n =7/9), and
game (recreational/sporting) (67%, n = 6/7). In eleven of these responding Members, Sus
scrofa is considered a native species (wild boar); whereas where Sus scrofa are an introduced
species (feral pigs) managed hunting was reported by 8% (n = 1/12) of Members. Thus,
native Sus scrofa regions are more likely to have a managed hunting system, compared to
where Sus scrofa is introduced.

3.5.5. Legislation and Regulations

The regulations or legislation regarding wild suids varied across the different categories
(conservation, control of ASF and hunting; Table 8). Within these categories, laws about the
hunting of wild suids are of the highest concern, with ASF control laws being second.

Table 8. The proportion of Members implementing regulations or legislation for conservation, African
Swine Fever (ASF) control and hunting of wild suids.

Conservation of Wild Suids For ASF Control For Hunting Wild Suids

Yes 30% (n = 6/20) 44% (n = 8/18) 48% (n =10/21)
No 50% (n =10/20) 44% (n =8/18) 33% (n=7/21)
Unsure 20% (n =4/20) 11% (n =2/18) 19% (n = 4/21)

n: the number of total counts collected for the respective category.
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4. Discussion
4.1. Occurrence of African Swine Fever in Wild Suids

African swine fever outbreaks have primarily been reported in domestic pig popula-
tions in Asia and the Pacific, and the spread of the disease is predicted to continue [39,103].
Although generally presumed to be less of a concern compared to other regions of the
world, the occurrence and distribution of ASF in wild suids in Asia and the Pacific is
uncertain, given the scarcity of current evidence. The absence of, or limited official report-
ing of ASF cases in wild suids cannot be presumed to indicate the absence of infection:
many Members have limited active surveillance activities in wild suid populations, or
surveillance activities are restricted to general surveillance, which might be insensitive in
detection and confirmation of the infection in wild suids [22,104]. For example, there might
be logistical reasons for an inability to detect ASF in certain ecosystems, or difficulties
relating to local authorities and resources [22]. Given the frequent detections of ASFV in
domestic pigs across the region, active surveillance activities targeting wild populations in
at-risk regions would be beneficial.

4.2. Wild Suids Role in Disease Spread

Inferences as to the role of wild suids spreading ASF in Asia and the Pacific are
currently inferred based on observations from other geographic regions of the world where
enhanced surveillance, research and analyses have been undertaken [8,24,25,27]. This
information is regularly used as a substitute for the lack of data within Asia and the
Pacific, but such inferences must be made with caution. It is evident that Sus scrofa can
be found in abundance throughout Asia and the Pacific, and thus have the potential to
spread and maintain ASFV in the region. In comparison and irrespective of uncertainties in
susceptibility to infection and disease transmission dynamics, the 11 non-Sus scrofa endemic
pig species are unlikely to have an important role in ASF epidemiology in the region, as
their populations are small and have limited distributions.

However, more broadly the distribution of wild suid species and their population
densities across the region is uncertain, and this information should be investigated further
to assess the role of wild suids in spreading the disease with greater confidence, given
the potential implications for ASFV transmission dynamics. Further, ecological attributes
may affect the maintenance of infection in wild suid populations, and thus influence the
likelihood of transmission from these populations to domestic pigs. For example, geo-
graphic locations and times of year in which ambient temperatures are relatively high may
influence the likelihood of virus transmission through the relatively rapid decomposition
of wild suid carcasses and negative impacts on the virus’ viability in the environment.

The risk of transmission of infection from wild suids to domestic pigs is also influenced by
farming methods [105]. In the Asia and the Pacific region, many Members have a heavy reliance
on small-scale production systems that typically involve free-ranging /roaming methods.

4.3. Potential Improvements on Control/Management Strategies

The impacts of ASF justify proactive strategies in the prevention and management
of outbreaks. The suitability of different strategies might vary by epidemiological context
across the Asia and the Pacific region. For example, in climates where wild suid carcasses
could naturally decompose at a fast rate reducing the potential for ASFV transmission,
resources should be targeted at other control measures that are likely to be more effective,
such as border quarantine or on-farm biosecurity interventions where transmission risks
are elevated. Further research is required to inform strategic approaches that best cater for
Members’ own situations and specific requirements.

Areas of Asia and the Pacific region that are currently experiencing ASF outbreaks
can undertake interventions in wild suid populations to reduce disease transmission
(e.g., by decreasing wild Sus scrofa population density with control tools if appropriate such
as trapping, aerial shooting, poison baiting and intensive hunting) and to prepare for a
possible vaccine (through the development of bait delivery strategies, including relevant
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ecological research). On-farm biosecurity improvements, such as education about infec-
tious diseases, and establishment of village-level biosecurity practices regarding isolation
of moved pigs and confining/penning pigs, might also reduce the risk of transmission
between domestic and wild suids.

For areas of the Asia and Pacific region that have yet to detect ASF, being proactive by
implementing prevention, detection and response strategies can assist in remaining free or
reducing the impact of an outbreak. For example, prevention via border quarantine (which
is especially relevant to islands), reducing time to detection of incursions by improving
general surveillance activities in wild and domestic pig populations, and implementing
appropriate response frameworks to manage ASFV transmission to, from and within wild
suid populations once it is detected.

Importantly, ASF may have catastrophic population-level impacts on the 11 non-
Sus scrofa endemic wild suid species, threatening populations with local extirpation or
extinction. Hence, increased protection through breeding and conservation measures
should be considered where these species are endemic. For example, risk assessment with
appropriate mitigation strategies to protect important populations of endemic wild suids
or captive breeding programs.

5. Conclusions

The role of wild suids in the epidemiology of the disease in Asia and the Pacific is
poorly understood, though wild Sus scrofa has potential to contribute to the spread of disease.
Nevertheless, population interventions in wild suid populations may be necessary to control
disease outbreaks, and actions to prevent infection in threatened species populations are
important considerations. Whether ASFV can survive for long periods in wild suid carcasses
in warmer regions of Asia and the Pacific is an information gap requiring research.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/v15010061/s1, Table S1: Definitions of suid populations used in
this report; Table S2: Analysis of the type of farming methods used in Asia and the Pacific reported
by WOAH members; Table S3: Reports to WAHIS of African swine fever in wildlife in Asia, as of 7
August 2022; Questionnaire S1.

Author Contributions: Conceptualisation, M.O., B.C., A.H., M.P.W. and C.H.; methodology, M.O.,
B.C., AH. and M.P.W.; formal analysis, M.O., B.C., A.H. and M.P.W,; investigation, M.O., A.H. and
B.C.; resources, M.O., A.H., B.C., M.PW. and C.H.; data curation, M.O., B.C. and A.H.; writing—
original draft preparation, M.O., B.C. and M.P.W.,; writing—review and editing, M.O., B.C., M.P.W.,,
A.H., CH. and S.E; visualization, M.O., B.C. and M.P.W.; supervision, B.C., M.P.W. and S.F.; project
administration, M.O., B.C. and M.P.W.; funding acquisition, B.C., A.H., M.P.W., M.O. and C.H. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by The World Organisation of Animal Health (WOAH) with
funding support from the Ministry of Agriculture, Forestry and Fisheries, Japan. It was also supported
by an Australian Government Research Training Program (RTP) Scholarship from the University of
Melbourne, and additional funding from Ausvet to prepare the paper.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of The University of Melbourne (protocol code
2021-23073-238872-3 on the 26 November 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to acknowledge the contributions made Standing Group
of Experts on African Swine Fever for Asia and the Pacific (SGE-ASF AP) that came together to
provide expert opinion and Member specific experiences into the current situation of wild suids
and ASF. Additionally, to the participating WOAH members in Asia and the Pacific, the IUCN wild
suid specialist group, and many of the expert groups providing valuable information that made this
anaylsis possible. Additionally, to the WOAH regional staff who provided ongoing technical support


https://www.mdpi.com/article/10.3390/v15010061/s1
https://www.mdpi.com/article/10.3390/v15010061/s1

Viruses 2023, 15, 61 13 of 16

and coordination among the expert groups and FAO regional staff who provided contributions and
coordination with national and field experts. Additionally, to Ausvet, the University of Melbourne,
and the University of Sydney for providing the opportunity and guidance for this research to be
converted into an important piece of literature.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Kedkovid, R;; Sirisereewan, C.; Thanawongnuwech, R. Major Swine Viral Diseases: An Asian Perspective after the African Swine
Fever Introduction. Porc. Health Manag. 2020, 6, 20. [CrossRef] [PubMed]

2. Pikalo, J.; Zani, L.; Hiihr, J.; Beer, M.; Blome, S. Pathogenesis of African Swine Fever in Domestic Pigs and European Wild
Boar—Lessons Learned from Recent Animal Trials. Virus Res. 2019, 271, 197614. [CrossRef]

3.  Gallardo, C.; Nurmoja, L; Soler, A.; Delicado, V.; Simén, A.; Martin, E.; Perez, C.; Nieto, R.; Arias, M. Evolution in Europe of
African Swine Fever Genotype II Viruses from Highly to Moderately Virulent. Vet. Microbiol. 2018, 219, 70-79.

4. Sehl, J.; Pikalo, J.; Schéfer, A.; Franzke, K.; Pannhorst, K.; Elnagar, A.; Blohm, U.; Blome, S.; Breithaupt, A. Comparative Pathology
of Domestic Pigs and Wild Boar Infected with the Moderately Virulent African Swine Fever Virus Strain “Estonia 2014”. Pathogens
2020, 9, 662. [CrossRef] [PubMed]

5. Rock, D.L. Thoughts on African Swine Fever Vaccines. Viruses 2021, 13, 943. [CrossRef]

6. Penrith, M.; Vosloo, W. Review of African Swine Fever: Transmission, Spread and Control: Review Article. J. South Afr. Vet. Assoc.
2009, 80, 58-62. [CrossRef]

7. Chenais, E.; Depner, K.; Guberti, V.; Dietze, K.; Viltrop, A.; Stahl, K. Epidemiological Considerations on African Swine Fever in
Europe 2014-2018. Porc. Health Manag. 2019, 5, 6. [CrossRef]

8.  Dixon, LK, Stahl, K,; Jori, F; Vial, L.; Pfeiffer, D.U. African Swine Fever Epidemiology and Control. Annu. Rev. Anim. Biosci.
2020, 8, 221-246. [CrossRef]

9. Eblé, PL.; Hagenaars, T.J.; Weesendorp, E.; Quak, S.; Moonen-Leusen, H-W.; Loeffen, W.L.A. Transmission of African Swine Fever
Virus via Carrier (Survivor) Pigs Does Occur. Vet. Microbiol. 2019, 237, 108345. [CrossRef]

10.  OIE. OIE Technical Disease Card: African Swine Fever; OIE: Paris, France, 2019.

11.  Petrov, A.; Forth, ].H.; Zani, L.; Beer, M.; Blome, S. No Evidence for Long-Term Carrier Status of Pigs after African Swine Fever
Virus Infection. Transbound. Emerg. Dis. 2018, 65, 1318-1328. [CrossRef]

12.  Stahl, K; Sternberg-Lewerin, S.; Blome, S.; Viltrop, A.; Penrith, M.-L.; Chenais, E. Lack of Evidence for Long Term Carriers of
African Swine Fever Virus—A Systematic Review. Virus Res. 2019, 272, 197725. [CrossRef] [PubMed]

13. Gallardo, M.C.; de la Reoyo, A.T.; Fernandez-Pinero, J.; Iglesias, I.; Mufioz, M.].; Arias, M.L. African Swine Fever: A Global View
of the Current Challenge. Porc. Health Manag. 2015, 1, 21. [CrossRef] [PubMed]

14.  Woonwong, Y.; Do Tien, D.; Thanawongnuwech, R. The Future of the Pig Industry After the Introduction of African Swine Fever
into Asia. Anim. Front. 2020, 10, 30-37. [CrossRef] [PubMed]

15. IUCN. The IUCN Red List of Threatened Species. Available online: https://www.iucnredlist.org/en (accessed on 26 August 2021).

16. Luskin, M.S.; Meijjaard, E.; Surya, S.; Sheherazade; Walzer, C.; Linkie, M. African Swine Fever Threatens Southeast Asia’s 11
Endemic Wild Pig Species. Conserv. Lett. 2021, 14, €12784. [CrossRef]

17.  Mazur-Panasiuk, N.; Zmudzki, J.; Wozniakowski, G. African Swine Fever Virus—Persistence in Different Environmental Condi-
tions and the Possibility of Its Indirect Transmission. . Vet. Res. 2019, 63, 303. [CrossRef]

18. Gogin, A.; Gerasimov, V.; Malogolovkin, A.; Kolbasov, D. African Swine Fever in the North Caucasus Region and the Russian
Federation in Years 2007-2012. Virus Res. 2013, 173, 198-203. [CrossRef]

19. Sauter-Louis, C.; Conraths, EJ.; Probst, C.; Blohm, U.; Schulz, K.; Sehl, J.; Fischer, M.; Forth, ].H.; Zani, L.; Depner, K.; et al. African
Swine Fever in Wild Boar in Europe—A Review. Viruses 2021, 13, 1717. [CrossRef]

20. Mighell, E.; Ward, M.P. African Swine Fever Spread across Asia, 2018-2019. Transbound. Emerg. Dis. 2021, 68, 2722-2732.
[CrossRef]

21. Alkhamis, M.A,; Gallardo, C.; Jurado, C.; Soler, A.; Arias, M.; Sanchez-Vizcaino, ].M. Phylodynamics and Evolutionary Epidemi-
ology of African Swine Fever P72-CVR Genes in Eurasia and Africa. PLoS ONE 2018, 13, e0192565. [CrossRef]

22.  Vergne, T.; Guinat, C.; Pfeiffer, D.U. Undetected Circulation of African Swine Fever in Wild Boar, Asia. Emerg. Infect. Dis. 2020, 26,
2480-2482. [CrossRef]

23. Jori, F; Bastos, A.D.S. Role of Wild Suids in the Epidemiology of African Swine Fever. EcoHealth 2009, 6, 296-310. [CrossRef]
[PubMed]

24. Boklund, A.; Dhollander, S.; Chesnoiu Vasile, T.; Abrahantes, ].C.; Botner, A.; Gogin, A.; Gonzalez Villeta, L.C.; Gortazar, C.; More,
S.J.; Papanikolaou, A ; et al. Risk Factors for African Swine Fever Incursion in Romanian Domestic Farms during 2019. Sci. Rep.
2020, 10, 10215. [CrossRef] [PubMed]

25. Glazunova, A.A.; Korennoy, FI; Sevskikh, T.A.; Lunina, D.A.; Zakharova, O.I; Blokhin, A.A ; Karaulov, A.K.; Gogin, A.E. Risk

Factors of African Swine Fever in Domestic Pigs of the Samara Region, Russian Federation. Front. Vet. Sci. 2021, 8, 723375.
[CrossRef] [PubMed]


http://doi.org/10.1186/s40813-020-00159-x
http://www.ncbi.nlm.nih.gov/pubmed/32637149
http://doi.org/10.1016/j.virusres.2019.04.001
http://doi.org/10.3390/pathogens9080662
http://www.ncbi.nlm.nih.gov/pubmed/32824331
http://doi.org/10.3390/v13050943
http://doi.org/10.4102/jsava.v80i2.172
http://doi.org/10.1186/s40813-018-0109-2
http://doi.org/10.1146/annurev-animal-021419-083741
http://doi.org/10.1016/j.vetmic.2019.06.018
http://doi.org/10.1111/tbed.12881
http://doi.org/10.1016/j.virusres.2019.197725
http://www.ncbi.nlm.nih.gov/pubmed/31430503
http://doi.org/10.1186/s40813-015-0013-y
http://www.ncbi.nlm.nih.gov/pubmed/28405426
http://doi.org/10.1093/af/vfaa037
http://www.ncbi.nlm.nih.gov/pubmed/33150009
https://www.iucnredlist.org/en
http://doi.org/10.1111/conl.12784
http://doi.org/10.2478/jvetres-2019-0058
http://doi.org/10.1016/j.virusres.2012.12.007
http://doi.org/10.3390/v13091717
http://doi.org/10.1111/tbed.14039
http://doi.org/10.1371/journal.pone.0192565
http://doi.org/10.3201/eid2610.200608
http://doi.org/10.1007/s10393-009-0248-7
http://www.ncbi.nlm.nih.gov/pubmed/19915917
http://doi.org/10.1038/s41598-020-66381-3
http://www.ncbi.nlm.nih.gov/pubmed/32576841
http://doi.org/10.3389/fvets.2021.723375
http://www.ncbi.nlm.nih.gov/pubmed/34504890

Viruses 2023, 15, 61 14 of 16

26.

27.

28.

29.

30.

31.
32.

33.
34.
35.
36.
37.
38.

39.
40.

41.

42.

43.
44.

45.

46.

47.
48.

49.

50.

51.
52.

53.

54.

55.

56.

Vergne, T.; Chen-Fu, C; Li, S.; Cappelle, J.; Edwards, J.; Martin, V.; Pfeiffer, D.U.; Fusheng, G.; Roger, EL. Pig Empire under
Infectious Threat: Risk of African Swine Fever Introduction into the People’s Republic of China. Vet. Rec. 2017, 181, 117.
[CrossRef] [PubMed]

Anette, B.; Anette, B.; Theodora, C.V.; Klaus, D.; Daniel, D.; Vittorio, G.; Georgina, H.; Daniela, K.; Annick, L.; Aleksandra, M.; et al.
Epidemiological Analyses of African Swine Fever in the European Union (November 2018 to October 2019). EFSA . 2020, 18, e05996.
[CrossRef]

Guberti, V.; Khomenko, S.; Masiulis, M.; Kerba, S. African Swine Fever in Wild Boar Ecology and Biosecurity; FAO: Rome, Italy, 2019;
ISBN 92-5-131781-X.

Allepuz, A.; Hovari, M.; Masiulis, M.; Ciaravino, G.; Beltran-Alcrudo, D. Targeting the Search of African Swine Fever-Infected
Wild Boar Carcasses: A Tool for Early Detection. Transbound. Emerg. Dis. 2022, 69, e1682—-e1692. [CrossRef]

TUCN. Red List IUCN Red List of Threatened Species: Sus Celebensis. Available online: https:/ /www.iucnredlist.org/species/41
773 /44141588 (accessed on 15 July 2021).

Australian Pork Limited. National Feral Pig Action Plan: 2021-2031; Australian Pork limited: Kingston, Australia, 2021.

Wehr, N.; Hess, S.; Litton, C. Biology and Impacts of Pacific Islands Invasive Species. 14. Sus Scrofa, the Feral Pig (Artiodactyla:
Suidae). Pac. Sci. 2018, 72, 177-198. [CrossRef]

Luskin, M.; Ke, A. Bearded Pig Sus Barbatus (Muller, 1838). In Ecology, Conservation and Management of Wild Pigs and Peccaries;
Cambridge University Press: Cambridge, UK, 2018.

Cowled, B.; Ward, M.; Holley, C.; Oberin, M.; Hillman, A. African swine fever in wild pigs in the Asia and the Pacific Region; World
Organisation for Animal Health (WOAH): Paris, France, 2022. [CrossRef]

World Organisation for Animal Health. Virtual Meeting of the Standing Group of Experts on African Swine Fever for Asia; WOAH—
Asia: Tokyo, Japan, 2021.

World Organisation for Animal Health. Standing Group of Experts-ASF Meetings for Asia; WOAH—Asia: Tokyo, Japan, 2021.
Keuling, O.; Leus, K. IUCN Red List of Threatened Species: Sus Scrofa; Cambridge, UK, 2018.

WAHIS Country Reports.  Available online: https://www.oie.int/wahis_2/public/wahid.php/Countryinformation/
Countryreports (accessed on 7 August 2022).

FAO. ASF Situation in Asia & Pacific Update; FAO: Rome, Italy, 2021.

World Organisation for Animal Health. WAHIS Surveillance and Control Measures. Available online: https://wahis.woah.org/
#/dashboards/control-measure-dashboard (accessed on 7 August 2022).

World Organisation for Animal Health. WAHIS Qualitative Data. Available online: https://wahis.woah.org/#/analytics
(accessed on 7 August 2022).

World Organisation for Animal Health. WAHIS Disease Situation. Available online: https://wahis.woah.org/#/dashboards/
country-or-disease-dashboard (accessed on 7 August 2022).

Qualtrics. Qualtrics. Available online: https:/ /www.qualtrics.com (accessed on 3 December 2021).

The World Bank Group Data for High Income, Middle Income, Low Income | Data. Available online: https://data.worldbank.
org/?locations=XD-XP-XM (accessed on 9 September 2022).

Denstedyt, E.; Porco, A.; Hwang, J.; Nga, N.T.T.; Ngoc, P.T.B.; Chea, S.; Khammavong, K.; Milavong, P; Sours, S.; Osbjer, K.; et al.
Detection of African Swine Fever Virus in Free-Ranging Wild Boar in Southeast Asia. Transbound. Emerg. Dis. 2020, 68, 2669-2675.
[CrossRef]

West, P. Assessing Invasive Animals in Australia 2008; Audit and Invasive Animals Cooperative Research Centre: Canberra,
Australia, 2008; ISBN 978-0-642-37160-7.

Hone, ]. How Many Feral Pigs in Australia? An Update. Aust. J. Zool. 2019, 67, 215. [CrossRef]

Bosch, J.; Iglesias, I.; Mufioz, M.].; De la Torre, A. A Cartographic Tool for Managing African Swine Fever in Eurasia: Mapping
Wild Boar Distribution Based on the Quality of Available Habitats. Transbound. Emerg. Dis. 2017, 64, 1720-1733. [CrossRef]
Bosch, J.; Iglesias, I.; Martinez, M.; de la Torre, A. Climatic and Topographic Tolerance Limits of Wild Boar in Eurasia: Implications
for Their Expansion. Geogr. Environ. Sustain. 2020, 13, 107-114. [CrossRef]

Dexter, N. The Influence of Pasture Distribution and Temperature on Habitat Selection by Feral Pigs in a Semi-Arid Environment.
Wildl. Res. 1998, 25, 547-559. [CrossRef]

Saunders, G. Observations on the Effectiveness of Shooting Feral Pigs from Helicopters. Wildl. Res. 1993, 20, 771-776. [CrossRef]
Ballari, S.; Barrios-Garcia, M. A Review of Wild Boar Sus Scrofa Diet and Factors Affecting Food Selection in Native and
Introduced Ranges. Mammal Rev. 2013, 44, 124-134. [CrossRef]

Choquenot, D.; Lukins, B.; Curran, G. Assessing Lamb Predation by Feral Pigs in Australia’s Semi-Arid Rangelands. J. Appl. Ecol.
1997, 34, 1445-1454. [CrossRef]

Cukor, J; Linda, R.; Vaclavek, P; Mahlerova, K.; Satran, P,; Havranek, F. Confirmed Cannibalism in Wild Boar and Its Possible
Role in African Swine Fever Transmission. Transbound. Emerg. Dis. 2020, 67, 1068-1073. [CrossRef]

Probst, C.; Globig, A.; Knoll, B.; Conraths, FJ.; Depner, K. Behaviour of Free Ranging Wild Boar towards Their Dead Fellows:
Potential Implications for the Transmission of African Swine Fever. R Soc. Open. Sci. 2017, 4, 170054. [CrossRef]

Fischer, M.; Hiihr, J.; Blome, S.; Conraths, EJ.; Probst, C. Stability of African Swine Fever Virus in Carcasses of Domestic Pigs and
Wild Boar Experimentally Infected with the Asfv “Estonia 2014” Isolate. Viruses 2020, 12, 1118. [CrossRef]


http://doi.org/10.1136/vr.103950
http://www.ncbi.nlm.nih.gov/pubmed/28754737
http://doi.org/10.2903/j.efsa.2020.5996
http://doi.org/10.1111/tbed.14504
https://www.iucnredlist.org/species/41773/44141588
https://www.iucnredlist.org/species/41773/44141588
http://doi.org/10.2984/72.2.1
http://doi.org/10.20506/ASF.3326
https://www.oie.int/wahis_2/public/wahid.php/Countryinformation/Countryreports
https://www.oie.int/wahis_2/public/wahid.php/Countryinformation/Countryreports
https://wahis.woah.org/#/dashboards/control-measure-dashboard
https://wahis.woah.org/#/dashboards/control-measure-dashboard
https://wahis.woah.org/#/analytics
https://wahis.woah.org/#/dashboards/country-or-disease-dashboard
https://wahis.woah.org/#/dashboards/country-or-disease-dashboard
https://www.qualtrics.com
https://data.worldbank.org/?locations=XD-XP-XM
https://data.worldbank.org/?locations=XD-XP-XM
http://doi.org/10.1111/tbed.13964
http://doi.org/10.1071/ZO20077
http://doi.org/10.1111/tbed.12559
http://doi.org/10.24057/2071-9388-2019-52
http://doi.org/10.1071/WR97119
http://doi.org/10.1071/WR9930771
http://doi.org/10.1111/mam.12015
http://doi.org/10.2307/2405260
http://doi.org/10.1111/tbed.13468
http://doi.org/10.1098/rsos.170054
http://doi.org/10.3390/v12101118

Viruses 2023, 15, 61 15 of 16

57.
58.
59.
60.
61.
62.
63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.
81.

82.

83.
84.

85.

86.

Carlson, J.; Fischer, M.; Zani, L.; Eschbaumer, M.; Fuchs, W.; Mettenleiter, T.; Beer, M.; Blome, S. Stability of African Swine Fever
Virus in Soil and Options to Mitigate the Potential Transmission Risk. Pathogens 2020, 9, 977. [CrossRef]

Arzumanyan, H.; Hakobyan, S.; Avagyan, H.; Izmailyan, R.; Nersisyan, N.; Karalyan, Z. Possibility of Long-Term Survival of
African Swine Fever Virus in Natural Conditions. Vet World 2021, 14, 854-859. [CrossRef]

Haynes, C.M.; Ridpath, M.; Williams, M.A. Monsoonal Australia: Landscape, Ecology and Man in Northern Lowlands; CRC Press:
Boca Raton, FL, USA, 1991; ISBN 90-6191-638-0.

Caley, P. Movements, Activity Patterns and Habitat Use of Feral Pigs (Sus scrofa) in a Tropical Habitat. Wildl. Res. 1997, 24, 77-87.
[CrossRef]

Giles, J. The Ecology of the Feral Pig in Western New South Wales; University of Sydney: Camperdown, Australia, 1980.

Korn, T.; Bomford, M. Managing Vertebrate Pests: Feral Pigs; Australian Government Publishing Service: Canberra, ACT, Australia, 1996.
Saunders, G.R. The Ecology and Management of Feral Pigs in New South Wales; Macquarie University: Sydney, Australia, 1988.
Lim, J.-S.; Vergne, T.; Pak, S.-I.; Kim, E. Modelling the Spatial Distribution of ASF-Positive Wild Boar Carcasses in South Korea
Using 2019-2020 National Surveillance Data. Animals 2021, 11, 1208. [CrossRef] [PubMed]

Cadenas-Fernandez, E.; Sanchez-Vizcaino, ].M.; Pintore, A.; Denurra, D.; Cherchi, M.; Jurado, C.; Vicente, ].; Barasona, J.A.
Free-Ranging Pig and Wild Boar Interactions in an Endemic Area of African Swine Fever. Front. Vet. Sci. 2019, 6, 376. [CrossRef]
[PubMed]

Wu, N.; Abril, C.; Thomann, A.; Grosclaude, E.; Doherr, M.G.; Boujon, P,; Ryser-Degiorgis, M.-P. Risk Factors for Contacts between
Wild Boar and Outdoor Pigs in Switzerland and Investigations on Potential Brucella Suis Spill-Over. BMIC Vet. Res. 2012, 8, 116.
[CrossRef]

Hayama, Y.; Shimizu, Y.; Murato, Y.; Sawai, K.; Yamamoto, T. Estimation of Infection Risk on Pig Farms in Infected Wild Boar
Areas—Epidemiological Analysis for the Reemergence of Classical Swine Fever in Japan in 2018. Prev. Vet. Med. 2020, 175, 104873.
[CrossRef] [PubMed]

Pearson, H.E.; Toribio, J.-A.L.M.L.; Lapidge, S.J.; Hernandez-Jover, M. Evaluating the Risk of Pathogen Transmission from Wild
Animals to Domestic Pigs in Australia. Prev. Vet. Med. 2016, 123, 39-51. [CrossRef] [PubMed]

TUCN. Red List IUCN Red List of Threatened Species: Babyrousa Celebensis. Available online: https://www.iucnredlist.org/
species /136446 /44142964 (accessed on 15 July 2021).

TUCN. Red List IUCN Red List of Threatened Species: Babyrousa Togeanensis. Available online: https://www.iucnredlist.org/
species /136472 /44143172 (accessed on 15 July 2021).

Ewers, RM.; Nathan, S.K.S.S,; Lee, PA K. African Swine Fever Ravaging Borneo’s Wild Pigs. Nature 2021, 593, 37. [CrossRef]
FAO; IUCN SSC; OIE. Joint Statement on the Conservation Impacts of African Swine Fever in the Asia-Pacific Region; Food and
Agricultural Organisation of the United Nations: Rome, Italy, 2021; Available online: https://www.fao.org/3/cb5805en/cb580
5en.pdf (accessed on 26 August 2021).

Kurz, D.J.; Saikim, EH.; Justine, V.T.; Bloem, J.; Libassi, M.; Luskin, M.S.; Withey, L.S.; Goossens, B.; Brashares, ].S.; Potts, M.D.
Transformation and Endurance of Indigenous Hunting: Kadazandusun-Murut Bearded Pig Hunting Practices amidst Oil Palm
Expansion and Urbanization in Sabah, Malaysia. People Nat. 2021, 3, 1078-1092. [CrossRef]

Rademaker, M.; Meijaard, E.; Semiadi, G.; Blokland, S.; Neilson, E.-W.; Rode-Margono, E.]J. First Ecological Study of the Bawean
Warty Pig (Sus Blouchi), One of the Rarest Pigs on Earth. PLoS ONE 2016, 11, e0151732. [CrossRef]

Chavez, J.B.; Morris, H.D.; Suan-Moring, G.; Gamalo, L.E.D.; Lastica-Ternura, E.A. Suspected African Swine Fever (ASF) Mass
Die-Offs of Philipping Warty Pigs (Sus Philippensis) in Tagum City, Mindanao, Philippines Suiform Soundings. 2021, 8-11.

TUCN. Red List IUCN Red List of Threatened Species: Porcula Salvania. Available online: https://www.iucnredlist.org/species/
21172/44139115 (accessed on 15 July 2021).

Holt, B.; Lessard, J.; Borregaard, M.; Fritz, S.; Araujo, M.; Dimitrov, D.; Fabre, P.; Graham, C.; Graves, G.; Jonsson, K; et al. An
Update of Wallace’s Zoogeographic Regions of the World. Science 2013, 339, 74-78. [CrossRef]

Tislerics, A. Babyrousa Babyrussa (Babirusa). Available online: https://animaldiversity.org/accounts/Babyrousa_babyrussa/
(accessed on 26 August 2021).

TUCN. Red List IUCN Red List of Threatened Species: Sus Barbatus. Available online: https:/ /www.iucnredlist.org/species/41
772/123793370 (accessed on 15 July 2021).

Mur, L. African Swine Fever (Asf)—Situation Report 11; WOAH: Paris, France, 2022; Volume 5.

Cadenas-Fernandez, E.; Ito, S.; Aguilar-Vega, C.; Sanchez-Vizcaino, ].M.; Bosch, J. The Role of the Wild Boar Spreading African
Swine Fever Virus in Asia: Another Underestimated Problem. Front. Vet. Sci. 2022, 9, 844209. [CrossRef] [PubMed]

Netherton, C.L.; Connell, S.; Benfield, C.T.O.; Dixon, L.K. The Genetics of Life and Death: Virus-Host Interactions Underpinning
Resistance to African Swine Fever, a Viral Hemorrhagic Disease. Front. Genet. 2019, 10, 402. [CrossRef] [PubMed]

OIE-WAHIS Bhutan; OIE-WAHIS. Available online: https:/ /wahis.oie.int/#/report-info?reportld=33806 (accessed on 20 July 2021).
Food and Agriculture Organization of the United Nations. ASF Situation in Asia & Pacific Update. Available online: https:
/ /www.fao.org/animal-health/situation-updates/asf-in-asia-pacific/en (accessed on 14 August 2022).

OIE. Situational Updates of ASF in Asia and the Pacific. Available online: https://rr-asia.oie.int/en/projects/asf/situational-
updates-of-asf/ (accessed on 22 July 2021).

Beek, V. ter ASF Asia: Wild Boar as Virus Reservoir. Available online: https://www.pigprogress.net/Health/Articles/2020/11/
ASF-Asia-Wild-boar-as-virus-reservoir-667624E/ (accessed on 22 July 2021).


http://doi.org/10.3390/pathogens9110977
http://doi.org/10.14202/vetworld.2021.854-859
http://doi.org/10.1071/WR94075
http://doi.org/10.3390/ani11051208
http://www.ncbi.nlm.nih.gov/pubmed/33922261
http://doi.org/10.3389/fvets.2019.00376
http://www.ncbi.nlm.nih.gov/pubmed/31737649
http://doi.org/10.1186/1746-6148-8-116
http://doi.org/10.1016/j.prevetmed.2019.104873
http://www.ncbi.nlm.nih.gov/pubmed/31896501
http://doi.org/10.1016/j.prevetmed.2015.11.017
http://www.ncbi.nlm.nih.gov/pubmed/26711303
https://www.iucnredlist.org/species/136446/44142964
https://www.iucnredlist.org/species/136446/44142964
https://www.iucnredlist.org/species/136472/44143172
https://www.iucnredlist.org/species/136472/44143172
http://doi.org/10.1038/d41586-021-01189-3
https://www.fao.org/3/cb5805en/cb5805en.pdf
https://www.fao.org/3/cb5805en/cb5805en.pdf
http://doi.org/10.1002/pan3.10250
http://doi.org/10.1371/journal.pone.0151732
https://www.iucnredlist.org/species/21172/44139115
https://www.iucnredlist.org/species/21172/44139115
http://doi.org/10.1126/science.1228282
https://animaldiversity.org/accounts/Babyrousa_babyrussa/
https://www.iucnredlist.org/species/41772/123793370
https://www.iucnredlist.org/species/41772/123793370
http://doi.org/10.3389/fvets.2022.844209
http://www.ncbi.nlm.nih.gov/pubmed/35573420
http://doi.org/10.3389/fgene.2019.00402
http://www.ncbi.nlm.nih.gov/pubmed/31130984
https://wahis.oie.int/#/report-info?reportId=33806
https://www.fao.org/animal-health/situation-updates/asf-in-asia-pacific/en
https://www.fao.org/animal-health/situation-updates/asf-in-asia-pacific/en
https://rr-asia.oie.int/en/projects/asf/situational-updates-of-asf/
https://rr-asia.oie.int/en/projects/asf/situational-updates-of-asf/
https://www.pigprogress.net/Health/Articles/2020/11/ASF-Asia-Wild-boar-as-virus-reservoir-667624E/
https://www.pigprogress.net/Health/Articles/2020/11/ASF-Asia-Wild-boar-as-virus-reservoir-667624E/

Viruses 2023, 15, 61 16 of 16

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.
104.

105.

Liu, J.; Liu, B.; Shan, B.; Wei, S.; An, T.; Shen, G.; Chen, Z. Prevalence of African Swine Fever in China, 2018-2019. J. Med. Virol.
2020, 92, 1023-1034. [CrossRef] [PubMed]

Tao, D.; Sun, D.; Liu, Y.; Wei, S.; Yang, Z.; An, T,; Shan, F,; Chen, Z.; Liu, J. One Year of African Swine Fever Outbreak in China.
Acta Trop. 2020, 211, 105602. [CrossRef] [PubMed]

Patil, S.S.; Suresh, K.P; Vashist, V.; Prajapati, A.; Pattnaik, B.; Roy, P. African Swine Fever: A Permanent Threat to Indian Pigs. Vet
World 2020, 13, 2275-2285. [CrossRef]

Dharmayanti, N.L; Sendow, I.; Ratnawati, A.; Settypalli, T.B.K.; Saepulloh, M.; Dundon, W.G.; Nuradji, H.; Naletoski, L.; Cattoli,
G.; Lamien, C.E. African Swine Fever in North Sumatra and West Java Provinces in 2019 and 2020, Indonesia. Transbound. Emerg.
Dis. 2021, 68, 2890-2896. [CrossRef]

OIE-WAHIS Indonesia: OIE-WAHIS. Available online: https://wahis.oie.int/#/report-info?reportld=28198 (accessed on 22 July 2021).
Lundeen, T. North Korea Reports First Case of ASE. Available online: https:/ /link.gale.com/apps/doc/A587304492 /ITOF?sid=
bookmark-ITOF&xid=1c60ea6f (accessed on 20 July 2021).

Jo, Y.-S.; Gortazar, C. African Swine Fever in Wild Boar: Assessing Interventions in South Korea. Transbound. Emerg. Dis. 2021, 68,
2878-2889. [CrossRef]

OIE-WAHIS MALAYSIA ASF: Immediate Notification. Available online: https://www.oie.int/fileadmin/Home/eng/Animal_
Health_in_the_World/docs/pdf/CUTOVER_OIE-WAHIS/MALAYSIA_ASF_26022021.pdf (accessed on 20 July 2021).
Heilmann, M.; Lkhagvasuren, A.; Adyasuren, T.; Khishgee, B.; Bold, B.; Ankhanbaatar, U.; Fusheng, G.; Raizman, E.; Dietze, K.
African Swine Fever in Mongolia: Course of the Epidemic and Applied Control Measures. Vet Sci. 2020, 7, 24. [CrossRef]
Linden, J. African Swine Fever Returns to Myanmar. Feed. Strategy 2021. Available online: file:// /Users/ausvet/Zotero/storage/
20QH6F8KD/african-swine-fever-returns-to-myanmar-3.html (accessed on 22 July 2021).

Subedi, D.; Subedi, S.; Karki, S. First Outbreak of African Swine Fever in Nepal. Transbound. Emerg. Dis. 2022, 69, e3334—e3335.
[CrossRef]

OIE. Immediate Notification: African Swine Fever Virus (Inf. with), Papua New Guinea. Available online: https://wahis.oie.int/
#/report-info?reportld=24997 (accessed on 22 July 2021).

The Pig Site Philippines Reports Cases of ASF in Remote Abra Towns. Available online: https://www.thepigsite.com/news/20
21/05/philippines-reports-cases-of-asf-in-remote-abra-towns (accessed on 22 July 2021).

OIE. Immediate Notification: African Swine Fever (Inf. with), Timor-Leste. Available online: https://wahis.oie.int/#/report-
info?reportld=22075 (accessed on 22 July 2021).

Mutua, F.; Dione, M. The Context of Application of Biosecurity for Control of African Swine Fever in Smallholder Pig Systems:
Current Gaps and Recommendations. Front. Vet. Sci. 2021, 8, 689811. [CrossRef] [PubMed]

Arias, M.; Jurado, C.; Gallardo, C.; Fernandez-Pinero, J.; Sanchez-Vizcaino, ] M. Gaps in African Swine Fever: Analysis and
Priorities. Transbound. Emerg. Dis. 2018, 65, 235-247. [CrossRef] [PubMed]

Sur, ].-H. How Far Can African Swine Fever Spread? J. Vet. Sci. 2019, 20, e41. [CrossRef] [PubMed]

OIE. Surveillance and Control Measures. Available online: https://wahis.oie.int/#/dashboards/control-measure-dashboard
(accessed on 20 July 2021).

Leslie, E.E.; Geong, M.; Abdurrahman, M.; Ward, M.P.; Toribio, J.-A.L. A Description of Smallholder Pig Production Systems in
Eastern Indonesia. Prev. Vet. Med. 2015, 118, 319-327. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1002/jmv.25638
http://www.ncbi.nlm.nih.gov/pubmed/31769521
http://doi.org/10.1016/j.actatropica.2020.105602
http://www.ncbi.nlm.nih.gov/pubmed/32598922
http://doi.org/10.14202/vetworld.2020.2275-2285
http://doi.org/10.1111/tbed.14070
https://wahis.oie.int/#/report-info?reportId=28198
https://link.gale.com/apps/doc/A587304492/ITOF?sid=bookmark-ITOF&xid=1c60ea6f
https://link.gale.com/apps/doc/A587304492/ITOF?sid=bookmark-ITOF&xid=1c60ea6f
http://doi.org/10.1111/tbed.14106
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/CUTOVER_OIE-WAHIS/MALAYSIA_ASF_26022021.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/CUTOVER_OIE-WAHIS/MALAYSIA_ASF_26022021.pdf
http://doi.org/10.3390/vetsci7010024
file:///Users/ausvet/Zotero/storage/2QH6F8KD/african-swine-fever-returns-to-myanmar-3.html
file:///Users/ausvet/Zotero/storage/2QH6F8KD/african-swine-fever-returns-to-myanmar-3.html
http://doi.org/10.1111/tbed.14616
https://wahis.oie.int/#/report-info?reportId=24997
https://wahis.oie.int/#/report-info?reportId=24997
https://www.thepigsite.com/news/2021/05/philippines-reports-cases-of-asf-in-remote-abra-towns
https://www.thepigsite.com/news/2021/05/philippines-reports-cases-of-asf-in-remote-abra-towns
https://wahis.oie.int/#/report-info?reportId=22075
https://wahis.oie.int/#/report-info?reportId=22075
http://doi.org/10.3389/fvets.2021.689811
http://www.ncbi.nlm.nih.gov/pubmed/34409087
http://doi.org/10.1111/tbed.12695
http://www.ncbi.nlm.nih.gov/pubmed/28941208
http://doi.org/10.4142/jvs.2019.20.e41
http://www.ncbi.nlm.nih.gov/pubmed/31364325
https://wahis.oie.int/#/dashboards/control-measure-dashboard
http://doi.org/10.1016/j.prevetmed.2014.12.006

	Introduction 
	Materials and Methods 
	World Organisation for Animal Health Wild Suid in the Asia Pacific Region Project 
	Study Area and Definitions 
	Literature Review and Official Reports 
	Survey 

	Results 
	Ecology and Distribution of Wild Sus scrofa in the Region 
	Ecology of Endemic Wild Suids and Their Potential Role in African Swine Fever Transmission 
	African Swine Fever in Wild Suids 
	Control Measures in Place for African Swine Fever 
	Correlation between Survey-Reported Control Measures and the Implementation of Other Prevention Strategies 
	Biosecurity, Pig Production Type and Wild Species Present 
	Wild Suid Carcass Disposal and Climatic Conditions 
	Border Quarantine and Land Type 
	Wild Suid Management Strategies and Sus scrofa Status 
	Legislation and Regulations 


	Discussion 
	Occurrence of African Swine Fever in Wild Suids 
	Wild Suids Role in Disease Spread 
	Potential Improvements on Control/Management Strategies 

	Conclusions 
	References

