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Industry Summary:

The purpose of this literature review was to identify the pathways by which feral swine might transmit ASFV to domestic
pigs in the US. Using literature from currently or previously ASFV infected countries, mitigations that have been used to
address these pathways were also described. A risk estimation was not included since this requires gathering additional
information on US practices, climate, pig density, etc. A risk assessment, if completed, would provide a risk estimation,
therefore a risk assessment is a clear next step.

In the literature identified and reviewed, there were many reports from Europe in which specific knowledge gaps related
to pathways of ASFV transmission from wild swine to domestic pigs were already identified, including feed and insects.
Additionally, anecdotal reports were included to provide the evidence that water and peri-domestic animals were also
pathways for ASFV. However, there were no confirmatory studies available regarding water and peri-domestic animals.
Therefore, additional work is needed to provide more definitive evidence of some of the potential pathways of ASFV
transmission from feral swine to domestic pigs to really understand their importance in the US.

As expected, mitigations to prevent wild suid to domestic pig exposure collected from various countries facing different
types of ASFV challenges covered a range of recommendations. Those preventative actions that had evidence of mitigating
ASF spread from feral swine to domestic pigs were surveillance, communication, fencing to restrict feral swine movement,
fencing to confine domestic pigs, educating feral swine hunters regarding safe practices when hunting, providing
information on how to maintain high sanitation when dressing hunter-killed carcasses, and providing avenues for testing
of the hunter-killed carcasses.

Numerous considerations may be used to guide development of US standards while keeping in mind the situations or
settings in which the use of specific interventions might be implemented. The US pork producers should consider the area
at which the mitigations might be applied, whether the mitigation is part of a disease control or disease elimination plan,
the characteristics of the ASFV strain, how much funding is available to install and maintain the mitigations, the policies
or regulations that exist or need to be created, whether or not the risk of ASFV is imminent, the culture of the region of
the US, and whether the mitigation will protect pigs and pork trade.

In conclusion, there are many considerations to make when choosing which mitigation strategy (or strategies) may be the
most effective at reducing the transmission of ASFV from feral swine to domestic pigs in the US. It is important to
understand that feral swine ecology and behavior in North America differs from that of wild boars in Europe and Asia.
Additionally, the different wild swine and tick species in Africa make the sylvatic transmission cycle a unique exposure
pathway particularly for countries with competent tick vectors, susceptible hosts, and hospitable climates. In the North
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American ecosystem, some pathways will be less important and some of the mitigations that work where ASFV currently
is located might not be effective in the

For more information, contact Drs. Miranda Medrano (medra036@umn.edu) or Marie Culhane (grame003@umn.edu, 612-
624-7423 office phone) or Cesar Corzo (corzo@umn.edu; 612 626 7205).

Key Findings:

e Choosing which mitigation strategies may be the most effective at reducing ASFV spread from feral swine to
domestic pigs in the US requires consideration of the geography, disease control or eradication goals, ASFV strain, available
funding, current regulations and policies, proximity to hot spots or risk areas, regional culture, and the effect on feral
swine ASFV status on trade.

e Feral swine ecology and behavior in North America differs from that of wild boars in Europe and Asia. Also, the
different wild swine and tick species in Africa make the tick-to-pig transmission cycle that is not yet occurring in the US
due to a lack of competent tick vectors, susceptible hosts, and hospitable climates. This makes direct comparisons of ASFV
transmission pathways described in other countries difficult.

e Additional knowledge gaps regarding environmental contamination from ASFV shedding feral swine exist; if more
work were conducted regarding environmental contamination, it would shed light on additional potential pathways of
ASFV transmission from wild swine to domestic pigs.

e Although US pork producers may have little input in the success or failure of feral swine population reduction
efforts, the very existence of federal feral swine control and testing efforts should be considered a protective measure to
keep in place indefinitely.

e Risk of transmission from feral swine to domestic pigs will vary across the regions and sectors of the US pork
industry. Clear and targeted mitigations are needed in the US that are specifically targeted to meet regional and sector risks
and should be considered in future work.

e The data provided in this literature review helped US SHIP House of Delegates form resolution 2023-3.
“Integration of Feral Swine Mitigation Plan into Secure Pork Supply Plan.”

Keywords:
African Swine Fever virus (ASFV)swine; ASFV; feral swine; wild swine; ASFV pathway analysis; ASFV transmission; ASFV
mitigation; outdoor swine

Scientific Abstract:

Feral swine are an invasive species in the United States (US) that cause damage to agriculture property, livestock, natural
resources (water and land), cultural sites, and historic places. Feral swine can also physically injure pets and people. Feral
swine have been reported in at least 35 US states and have an estimated population of >6 million. There are also feral swine
in Canada, especially in the plains Prairie Provinces (i.e., Alberta, Saskatchewan, and Manitoba). In addition to the
environmental damage and physical harm, feral swine can and may harbor numerous pathogens, both swine-specific and
zoonotic. African Swine Fever virus (ASFV), the causative agent of African Swine Fever (ASF), is arguably the pathogen of
major concern. ASF is a foreign animal disease of high consequence, and although never diagnosed in the US, its
introduction and subsequent spread would have myriad negative consequences for US domestic pig populations and the
pork industry. In the US, the feral swine range map overlaps that of domestic pigs. This literature review describes the
potential pathways of ASFV transmission between feral swine and domestic pigs, with a focus on direct transmission
pathways. Since it is imperative that preventative measures are in place to prevent contact between feral swine and
domestic pigs, the various mitigations implemented in ASF-infected countries, historically and currently, that were
identified in the search of the published literature and case reports to decrease and/or eliminate ASFV transmission
pathways for feral swine and domestic pigs are also reviewed and summarized. The preventative measures needed, if not
already in place in the US, that had evidence of mitigating ASF spread from feral swine to domestic pigs were surveillance,



communication, fencing to restrict feral swine movement, fencing to confine domestic pigs, educating feral swine hunters
regarding safe practices when hunting, providing information on how to maintain high sanitation when dressing hunter-
killed carcasses, and providing avenues for testing of the hunter-killed carcasses.



Introduction: At the September 2022 United States Swine Health Improvement Plan (US SHIP) meeting, the US SHIP Site
Biosecurity working group identified the need to have a better understanding of the African swine fever virus (ASFV) risk
that feral swine pose to US domestic pigs raised indoors in total confinement as well as the risk that feral swine pose to
domestic pigs raised with outdoor access. Therefore, this literature review was completed to gather the scientific evidence
from available publications, case studies, and completed risk analyses regarding ASFv transmission at the feral

swine € ->domestic, indoor-confined pigs interface. The information provided in the literature review will help the US
SHIP in their ultimate quest to determine whether current biosecurity practices of commercial pig premises raising pigs in
total indoor confinement in the US are sufficient to prevent transmission from ASFv-infected feral swine. In addition, this
literature review was the first of many necessary steps to complete if the NPB or US SHIP wishes to establish the ASFv risk
mitigations for transmission from feral swine to indoor domestic pigs and pigs raised with outdoor access. Establishment of
ASFV risk mitigations requires the completion of a future risk assessment conducted according to the World Organisation
of Animal Health (WOAH) suggested methods! (Table 1).

Table 1. Risk Assessment Methodology per Article 2.1.4. of the 2022 WOAH - Terrestrial Animal Health Code
The main steps of a risk assessment are:

1. Framing the risk question*
2. Identifying the hazard(s)*
3. Outlining the risk pathways*
4. Identifying data needs”

5. Collecting data®
6. Assessing the risk*

*Steps with asterisks are successfully completed after incorporating information gathered from a literature review.
*Steps with crosses are successfully completed with stakeholder workgroups and industry/subject matter expert input.

Objectives:

We proposed to conduct a literature review of case studies, publications, and risk analyses conducted in the US and globally to
better understand the transmission of ASFv from feral swine to domestic pigs housed indoors in total confinement. We
completed three objectives.

a) To summarize case studies, publications, and risk analyses regarding ASFv transmission from feral swine to US domestic
pigs housed indoors in total confinement and/or pigs allowed outdoor access. The literature review included material
from both the US and abroad.

b) To review any mitigation strategies used in ASFv-infected countries to prevent contact between feral swine/wild boars
and domestic pigs.

c) To facilitate discussions and presentations of the data from the literature review into actionable items/statements for
biosecurity program standards

Materials & Methods:

An extensive literature review was completed to compile baseline and background data regarding feral swine/wild boars
and ASFv. Data was extracted from previously published original research, disease surveillance databases, epidemiological
reports, and case studies as well as communications with subject matter experts (SMEs). The databases searched included,
but were not limited to, PubMed, Web of Science, Agricola, Scopus, and CAB Abstracts. In addition, we searched websites
hosted by WOAH, the Food and Agriculture Organization of the United Nations, the United States Department of
Agriculture, the European Food Safety Authority, and the French Agricultural Research Centre for International
Development, among others. We used keywords for the searches such as African swine fever, wild boar, introduction,

! World Organization for Animal Health. (2022). Terrestrial Animal Health Code (22nd ed.).



spread, control, migration, behavior, population density, surveillance, separation, feral swine, Sus scrofa, risk, and
mitigation. The data was summarized in text, tables, and figures in the literature review.

During and after completion of the literature review, we facilitated discussions by participating in work group meetings
virtually and in-person. We also presented the findings of the literature review at veterinary and producer meetings.

Results: A total of 178 references were reviewed and summarized as part of the literature review. The literature is
available in its entirety at this persistent link. https://hdl.handle.net/11299/255024 and as a part of this final report on
pages 6 to 69.

The results of the literature review were presented broadly during the award period (Table 2).

Table. 2. Presentations and facilitated discussions completed to share the results of the literature review.

Date Venue and Details

Apr. 12,2023 US SHIP Feral Pig Mitigation Kickoff Meeting (12 guests)

Apr 24, 2023 Feral Pig Mitigation Tier 1 Meeting 2 (14 guests)

May 4, 2023 Feral Pig Mitigation Meeting #3 (12 guests)
May 15, 2023 Feral Pig Mitigation Tier 1 Meeting 4 (13 guests)

Jun 22, 2023 Feral Swine Mitigation Tier 1 Update Meeting (12 guests)

Jul 24, 2023 US SHIP Feral Swine Mitigation Tier 2 Working Group Meeting (28 guests)

Sep 6, 2023 US SHIP House of Delegates Meeting — Presented a Summary of the Literature Review (40 delegates)
Sep 8, 2023 Leman Swine Conference, “Disease transmission pathways from feral swine.” (30 attendees)

Discussion: The purpose of this literature review was to identify the pathways by which feral swine might transmit ASFV
to domestic pigs in the US. Using literature from current or previously ASFV infected countries, mitigations that have been
used to address these pathways were also described. A risk estimation was not included since this requires gathering
additional information on US practices, climate, pig density, etc. A risk assessment, if completed, would provide a risk
estimation, therefore a risk assessment is a clear next step.

In the literature identified and reviewed, there were many reports from the European Union in which specific knowledge
gaps related to pathways of ASFV transmission from wild swine to domestic pigs were identified, including feed and
insects. Additionally, anecdotal reports were included to provide the evidence that water and peri-domestic animals are
pathways for ASFV. However, there were no confirmatory studies available regarding water and peri-domestic animals.
Therefore, additional work is needed to provide more definitive evidence of some of the potential pathways of ASFV
transmission from feral swine to domestic pigs to really understand their importance in the US.

As expected, mitigations to prevent wild suid to domestic pig exposure collected from various countries facing different
types of ASFV challenges cover a range of recommendations. Briefly, since more details are available in the full literature
review below, the following mitigations had the most evidence as being suitable: feral and domestic pig surveillance,
communication regarding ASFV disease transmission, fencing to restrict feral swine movement, fencing to confine
domestic pigs, education programs for hunters including dressing facilities and testing of hunter-killed feral swine,
restricting wild swine movement, confining domestic pigs, and educating feral swine hunters regarding safe practices
when hunting, providing information on how to maintain high sanitation when dressing hunter-killed carcasses,
providing avenues for testing of the hunter-killed carcasses.

However, when developing US standards for feral swine mitigation measures, the following eight considerations should be
used as a guide, all the while keeping in mind the situations or settings in which the use of specific interventions might be
implemented.

1. Geography or Topology: While the use of electric fences to deter wild swine may be appropriate for a small area, electric
fencing might be difficult for a larger area or in areas with dense forests.




II. Control versus Eradication: Some countries like the Czech Republic and Belgium were aggressive in their actions to
eradicate ASFV from feral swine, whereas Poland has created zones with the intent to control ASFV in the wild suids in

their country rather than pursue eradication.

III. ASFV strain characteristics: Some virus strains are more virulent than others. Strain virulence has an impact on
morbidity and mortality in the wild swine population and subsequently the effectiveness of surveillance in the population.
In other words, highly virulent strains that cause high mortality are easier to detect due to the increased numbers of dead
suids present for testing. In contrast, moderately or mildly virulent strains may go undetected if sublethal and surveillance
efforts are focused only on dead animal testing. In addition, strains that are mildly virulent in wild suids may spread more
easily due to the movement of subclinically infected suids.

IV. Funding: Many countries discussed the high cost of fencing for zoning purposes and the remarkable expense of
building border fences to restrict the movement of wild boars. Economics may limit the use of fences.

V. Regulations or Policy: Some of the mitigation measures in effect in other countries are written in their regulatory or
governmental policy. These policies may require or restrict certain on-farm practices that mitigate the spread of ASFV

from wild swine to domestic pigs. For example, the farming of free-ranging domestic swine is illegal in Sardinia, and South
Korea has a national program prohibiting vehicles from entering areas where pigs are held.

VI. Proximity to “risk”: The type of preventative or mitigation measures carried out in a country were primarily dependent
on risk. South Korea began education campaigns in response to the outbreak in neighboring China. However, other
mitigation measures, such as the program prohibiting vehicles from entering areas where pigs are held, were not enacted
until after ASFV was confirmed in the country itself.

VII. Culture: The use of some mitigations may become contentious, especially when it pertains to the regulations on how
pigs are raised. For example, in Sardinia, the production of free-range pigs is a traditional way of farming in the
mountainous regions. Although the Sardinian government has made the farming of free-ranging pigs illegal, the removal
of these traditional practices has been difficult because this practice is deeply-rooted in these farmers’ cultural identities.

VIII. Protection of animals and trade: Many countries decided to build border fences to keep wild swine moving into their
country from neighboring ASFV positive countries. Denmark is a large exporter of pork and built a fence along the border
with Germany to protect Danish trade status with non-European countries.

In conclusion, there are many considerations to make when choosing which mitigation strategy (or strategies) may be the
most effective at reducing the transmission of ASFV from feral swine to domestic pigs in the US. It is important to
understand that feral swine ecology and behavior in North America differs from that of wild boars in Europe and Asia.
Additionally, the different wild swine and tick species in Africa make the sylvatic transmission cycle a unique exposure
pathway particularly for countries with competent tick vectors, susceptible hosts, and hospitable climates. In the North
American ecosystem, some pathways will be less important and some of the mitigations that work where ASFV currently
is located might not be effective in the US. Additional knowledge gaps exist for the potential pathways of ASFV
transmission from wild swine to domestic pigs in other countries that also need further elucidation. In particular, there is a
lack of information regarding environmental contamination from ASFV shedding.

Additionally, some mitigation strategies are already currently in place in the US regarding the control of feral swine
population density. Although US pork producers may have little input in the success or failure of feral swine population
reduction efforts, the very existence of federal feral swine control efforts should be considered a protective measure to
keep in place indefinitely. Finally, it is expected that risk of transmission from feral swine to domestic pigs will vary across
the regions and sectors of the US pork industry. Clear and targeted mitigations are needed in the US that are specifically
targeted to meet regional and sector risks and should be considered in future work
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1. Feral Swine and Domestic Pig Populations in the US

1.1 Historical points of feral swine introduction

The swine family (Suidae) is not native to any part of the US. Chinese-origin swine were brought to Hawai'i around AD
400 and Spanish-origin swine were first introduced to the continent by Hernando de Soto in 1539 when his expedition landed
on the Florida peninsula.! These points of introduction likely led to the establishment of the feral hog populations in these areas.
Other US introductions were made by the English in 1607 and Dutch in 1625.! During the colonial period, harvested grains
were scarce and prioritized for feeding humans over livestock.! Swine in the colonies were largely free-range and scavenged
from forest and woodlands, much like how pigs were produced in England at the time.! Other modifications of early colonial
production were turning out pigs on a grain field following harvest and then to the forest to feed on mast.!

In free-range systems with no fencing for confinement, pigs could thrive with little human input because of their abilities
to live in a variety of habitats, omnivorous diets, proboscises (1.e., snouts) for digging and rooting, and tusks and fast speed for
defense from predators.! Pigs were collected from the forests for harvesting of meat, but some of them were lost likely joining
other wild pig groups.!

Borrowing from the Enlightenment period of Europe, nineteenth century America saw the rise of a more structured
and ordered approach to agricultural production.! With its favorable climate, the southern US was the pork center of the US.!
However, the Civil war decimated not only the hog population, but also its farms, which never fully recovered.! The Civil war
was also a notable point of human interference that led to the release of additional domesticated pigs into this region.!

Genetically, domestic pigs (Sus scrofus domesticus) are the domesticated subspecies that originated from the Eurasian wild
boar (Sus scrofus).? In the US, the word “feral” is preferred over the word “wild.” “Feral” refers to domestic pigs, hogs, or swine,
that have escaped from farms (or even their intentional release) since their original introduction in the 1500s. To that end, in the
US, there are pigs, hogs, boars, razorbacks, piney woods rooter swine that can be feral. There are also hybrids of feral swine in
the US that have mated with Eurasian or Russian wild boars.? There are even feral swine in the US that are of full Eurasian
descent.2* These Eurasian wild boars have been imported into the US and released onto private hunting reserves for hunting
since 1890.> Some farms also produce farmed wild hog meat which they sell in niche markets and restaurants.6 For the purpose
of this literature review and to match the language used in many US state laws and regulations’, the term “feral swine” will be

used to refer to any members of the Sus scrofa genus and species that live in the wild.

1.2 Current Feral Swine Situation
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1.2.1 Population and Geography

Feral swine have been reported in at least 35 states and are estimated to have a population of more than 6 million?
individuals (Figure 1). There are also feral pigs in Ganada, with many of them in the plains Prairie Provinces? (i.e., Alberta,
Saskatchewan, and Manitoba). Research performed in 2015 suggested that the geographic distribution of wild pigs was “most
strongly limited by cold temperatures and the availability of water.” However, a note made by the authors indicated that since
historical distribution data was used, feral swine found in warmer climates may have been overrepresented and further research
was needed to determine if colder climates were a limitation for the presence of feral swine!0. It may be quite likely that pigs may
be able to survive in colder climates of the US, just as they do in Canada!!, by burrowing in the snow and developing thicker

coats of fur.12

Feral Swine Populations 2022
By County
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Figure 1 Feral swine population by county in the US, 2022.
Source: USDA, APHIS History of Feral Swine in the Americas, 2023.13

The estimated home range of feral swine in the US1s 1.18 to 2.6 km (0.7 to 1.6 miles)!* (Figure 1). Although feral

swine are estimated to increase their geographical spread by 12.6 km per year!® and have a high fecundity rate whose
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population rate may exceed 2.0 each year!6, their rapid spread in the US cannot be explained by these biological factors alone.
Another explanation for their rapid spread is that it is the result of human interference. There have been numerous anecdotal
reports of people capturing pigs from one region or state and (illegally) transporting them to another for release for hunting
purposes!’.

Hog hunting is popular sport in the US, especially in the South. However, the legality of hunting feral swine is
dependent on the state laws and regulations. For example, in California they are considered game animals and require a permit
for hunting!8, whereas in Texas, as long as you have prior consent, no permit is needed for hunting on private property!9. In
Minnesota, it is illegal to hunt or trap feral swine, unless prior authorization has been given by the Department of Natural
Resources (DNR) commissioner of the for feral swine control or eradication. If a person in Minnesota is in possession of feral
swine, it must be surrendered to the DNR commissioner within 24 hours, and if in violation of this statute, is guilty of a
misdemeanor’.

Feral swine are an invasive species that cause damage to agriculture land and livestock, natural resources including
water and land, property, cultural and historic sites, and can injure pets and people. The USDA estimates that feral swine cause
an estimated §1.5 billion each year in damages and control in the US20.

In addition to the environmental and land damage, feral swine can and may harbor a plethora of infectious pathogens,
both swine-specific and zoonotic, that are not commonly found in their domestic counterparts. Some of these diseases are on the
World Organization for Animal Health (WOAH) and United States Department of Agriculture (USDA) list of reportable
diseases (Table 1). African Swine Fever Virus (ASFV), the causative agent of African Swine Fever (ASF) is arguably the major
concern. ASF is a foreign animal disease of high consequence, and although never diagnosed in the US, its introduction and
subsequent spread would have myriad negative consequences for US domestic pig populations and the pork industry.
Therefore, this review will focus on the available mitigations described in the literature that decrease the transmission of ASFV
from feral swine to domestic pigs.

Table 1. Endemic Diseases of Concern to Swine in the US.

Diagnosed since 2013
Disease Susceptibility?! Feral Swine Domestic Pigs
Brucellosis (Brucella suis*» (®22 (923
Leptospirosis*t (921 (®2
Pathogenic E. Coli* (®2 (@27
Salmonellosis* (@28 (®29
Tuberculosis*t (®30
Tularemia®t (®22
Influenza A* (®30 (31
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Porcine Circovirus Type 2 (®32 (@33
Not tested since
2012 in the US
Porcine Epidemic Diarrhea (934 (@35
Porcine Reproductive & Respiratory Syndrome ®30 (®36
Pscudorabies** (®)37
Toxoplasmosis* (@38
Q Fever*t
Trichinellosis*# (®39

Table 1. Endemic swine diseases of concern in the US, including reportable and zoonotic diseases. Information includes
whether these diseases have been diagnosed in feral swine and/or domestic pigs in the US since 2013. *Zoonotic Pathogens;
*WOAH and USDA notifiable diseases*?; TNotifiable disease in some US states*!.

1.3 Domestic Pig Production in the US - An Overview

1.3.1 Indoor Raised Domestic Pigs

In 2019, the United States ranked as the world’s second largest global pork producer??, with pork ranked as the fourth
leading U.S. food export commodity and valued at a record $7.7 billion in 2020.43 As of March 25th, 2021, the pig inventory in
the U.S. was estimated at 74.8 million head, which consisted of 6.21 million head of breeding stock and 68.6 million head of
market hogs.#* The total number of pig operations in the U.S. at the end of 2017 was estimated at 68,300, with the majority of
operations consisting of fewer than 1,000 head (n= 56,000).4> However, pig operations with over 5,000 head made up
approximately 93% of the total U.S. pig population.5

In 2023, pig production operations are located throughout the U.S., but the majority of indoor operations are generally
concentrated in the Upper Midwest (northernmost Corn Belt states)** near abundant feed supplies and slaughtering facilities
(Figure 2). Since 1990, pig production has grown significantly in North Carolina, Oklahoma, Colorado, Utah, and Texas.* A
2021 analysis of the percentage of U.S. hogs and pigs inventory in each state or regions follows: Iowa, 31.4%; North Carolina,
12.0%; Minnesota, 11.6%; Illinois, 6.9%; Indiana, 5.7%; Nebraska, 4.9%; Missouri, 4.9%; Ohio, 3.6%; Oklahoma, 2.8%;

Kansas, 2.8%; and small percentages in the Mountain and Pacific regions.**
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Figure 2. Distribution of U.S. hogs and pigs
Source: USDA National Agricultural Statistics Service, 2017 Ag Atlas Maps, Map # 17-M211

The modern pig production process of the commercial systems in the U.S. is typically divided into four phases, each
with specific requirements in regard to housing, feeding, and animal care needs. They are: (1) breeding and gestation, (2)
farrowing, (3) nursery, and (4) finishing.*6 While the breeding and farrowing phases may be located on the same premises, most
large-scale operations utilize “multi-site” systems when transitioning to the nursery and finishing phases.*” These production
phases are geographically separated on separate premises with different National Premises Identification Numbers (PremIDs or
PINs) and may be miles or states apart.’8

The prevalence and type of pig producer vary by region but often depend on the regional infrastructure and available
resources.?¥ Most U.S. pig production has historically occurred within farrow-to-finish operations, where all production phases
occur within a single building or location. Over the past several decades, pig production has transitioned from mostly farrow-to-
finish operations to those that specialize in only a specific phase of production. In 1992, over 50% of U.S. pig operations used a
farrow-to-finish approach, but by 2009 less than 25% were farrow-to-finish producers.* Pig producers specializing in only
finishing hogs (feeder-to-finish) represented less than 20% of producers in 1992 but grew to nearly 50% by 2009.49 This

separation of phases necessitates the routine intrastate, interstate, and international shipment of pigs at various stages of

production.
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In 2009, the number of pigs moved into a state for feeding or breeding purposes totaled 41 million head, representing
the largest share of livestock inshipments in the U.S.46 In the event of an ASF outbreak, a widespread stop order on the routine
movement of pigs could result in overcrowding conditions on farms. This overcrowding may lead to animal health and welfare
concerns which could necessitate the euthanasia of pigs or cessation of breeding programs. Efficient and timely movement of
pigs is critical for each stage of production, and any disruption in this flow severely limits the capacity to maintain animal health

and welfare, continuity of business, and domestic markets.>0

1.3.2 Outdoor Raised Domestic Pigs

Pig production in the United States (US) in the first decade of the 2000’s has had a resurgence of the extensive
production and management practices typical of the 1800’s and early 1900’s, most notably, raising pigs outdoors. In the 2017
USDA agriculture census, 78.5% of farms reported having fewer than 100 pigs (n=52,123).4

Being raised “outdoors” may mean outdoor access which allows pigs to have access to the outdoors for a certain period
of day or all day or just seasonally part of the year. For example, in colder climates, breeding farms might concentrate farrowing
events between March and May to protect piglets from cold environmental temperatures and hypothermia.>! Others may
choose to move their pigs indoors for part of the year, or seasonally produce animals such that there are no pigs on the farm in
the winter.52

In 2002, the United States Department of Agriculture (USDA) required that all organic certified farms meet USDA’s
organic standards, including pig producers.>3 These standards include requirements for outdoor access, type of feed, and
limitation on the types of medical treatments. According to the 2021 USDA Certified Organic Survey the top 5 states producing
USDA organic certified pork are Iowa (n=7,703 pigs), Wisconsin (n=1,853 pigs), Michigan (n=1,853), Pennsylvania (n=1,318
pigs), and Minnesota (n=1,318).5* In addition to USDA certified organic farms that allow their pigs outdoor access, there are

other farms that are not certified but allow their pigs to have outdoor access.
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Figure 3. Picture of a Hoop Barn.
Source: Hoop Barns for Grow-Finish Swine, Agricultural Engineers Digest, 2004.55

Other housing for which outdoor access may be implied are hoop barns with deep bedding within which one side of the
barn is open to the outside (Figure 3). Flooring on outdoor access farms may be grass pasture, dirt, forest land, straw or straw-
like bedding, or concrete.>6 Although many of the pigs that are raised on pasture or dirt lots may be marketed as “free-range”,
this is not the same “free-range” system as the colonial period or what is even found in other countries®’->8. Many state laws
require that all pigs be enclosed using fencing. In other words, it is illegal to have free-ranging or roaming domestic pigs,
whether they be for pork production or as pets. Therefore, for this literature review, any domestic pigs that are not fenced-in
are considered illegal and are not included in the pathways nor in the mitigations. Examples of fencing materials that can be
used to restrict free-roaming pigs include electric, barbed wire, and galvanized wire netting®® and will be discussed further in the

section on fencing (section 4.3.2.)

1.4 Overview of ASF transmission

There are four independent but overlapping cycles of ASFV transmission: 1) splvatic cycle between the natural reservoirs,
the soft tick Omuthodoros sp. and warthogs 2) tick-pig cycle between the soft tick Omithodoros sp. and domestic pigs 3) domestic cycle
between wild swine and/or domestic pigs and/or contaminated pig products and 4) wild boar-habitat cycle between wild boars and
their habitat such as contaminated carcasses and intraspecies scavenging.6! The sylvatic cycle only exists in Africa, and outside

of Africa, the tick-pig cycle was implicated in the Iberian Peninsula outbreakt?, but now the majority of transmission occurs via
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the domestic cycle, with wild boars being the maintenance host of the virus®. Therefore, the scope of this literature review will
be limited to the potential pathways of transmission FROM feral swine TO domestic pigs in the US, both indoor and out
(section 3). Pigs that are owned but not fenced (i.e., free-range), farmed Eurasian or Russian boars, pet pigs, zoo animalst4, and

pigs used in research or medical settings will not be considered.

1.5 Summary of Literature Review Approach, Scope, and Purpose

In many countries where ASF is endemic, backyard and outdoor pig farms are heavily implicated in continued ASFV
transmission®® because of their contact with the wild boar populationt¢ and decreased biosecurity practices®’. In the US, the
presence of feral swine (Figure 1) overlaps the presence of domestic pigs (Figure 2). It is imperative that preventative measures
are in place to prevent contact between feral swine and domestic pigs, especially when considering the possibility of transmission
of ASFV from feral swine to domestic swine. Therefore, following identification of potential pathways of transmission,

mitigations described in the literature to decrease and/or eliminate transmission pathways will be presented (section 4).

2. African Swine Fever Disease and Virus
2.1 Susceptible hosts of ASF in the US

African Swine Fever is a highly contagious viral disease affecting wild and domestic pigs across all ages and all domestic
breeds.58:69 The virus is also found within soft-bodied ticks.58 The disease presentation is determined by the virulence of the virus
strain, with highly virulent strains of ASFV clinically manifesting as hemorrhages of the skin and organs, fever, loss of appetite ,
and high mortality .59 Low virulent strains generally produce mild clinical signs including slight fever, reduced appetite, and
depression.’0 Other reported clinical signs for NH/P68, a low virulent ASFV strain, reportedly caused high fever, necrotic skin
areas, and joint swelling.”! As of 2019, no virulence markers had been identified.”? All forms of the disease result in decreases in
productivity and cause serious economic impacts for pork producers, especially when ASF infections limit or remove access to
international trade of pigs and pork products.”

As of 2020, North America (i.e. the United States, Ganada, and Mexico) has never experienced an incidence of
ASF.7%75 Since January 2021, ASF has been reported in 45 countries in five different world regions within which more than
870,000 pigs have been affected and a reported 1,120,000 animal losses globally.”6 There is substantial concern about incursions

of ASF into the United States’ domestic pig and/or feral swine populations because of the rapid expansion of ASF outbreaks
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into previously ASF-free countries, especially countries in the Western Hemisphere like the Dominican Republic and Haiti. In
2022, of the 19 countries that reported ASF in wild boar, 15 also reported ASF in domestic pigs.”’

Given the potential for and demonstrated transmission of ASFV from feral swine to domestic pigs, ASFV in the feral
swine population in the US creates an immediate threat to the domestic pig population. The potential risks and impacts of ASF
have been demonstrated by the severity of consequences of ongoing outbreaks, including those in China, where, as of mid-2019,
industry estimates that 50-70% of commercial pigs have been infected.” The consequences of these ASF outbreaks reinforce the
need for ASF awareness and evaluation of the possible pathways by which ASFV can spread via feral swine to domestic pigs,

contaminate food sources, and infiltrate pork production systems and pig farms, both indoors and out.

2.2 African Swine Fever Virus

The ASFV is a member of the Asfwirus genus and the sole member of the Asfarviridae family.?2 Being multi-enveloped
and measuring 175-215 nm in diameter when including the extracellular envelope, the virus has icosahedral symmetry and
contains a molecule of linear covalently close-ended double-stranded DNA. The DNA is 170-194 kilo base pairs long, forming
two inverted and complimentary terminal loops.” The variation in DNA length is reportedly due to differences in the presence
or absence of various multi-gene families.79:80

As of 2019, there are eight known serogroups of ASF viruses based on hemadsorption inhibition assay assessment 81,82,
and 23 molecular genotypes have been identified based on phylogenetic analysis of the p72 capsid protein gene (B646L).82:83
However, the p72 ASFV phylogenetic analysis used for identifying these various genotypes does not accurately describe the
actual serotype of the virus.83 Due to the sylvatic cycle that is maintained in Africa, genetic diversity of ASFV occurs only in that
continent. Across all the genotypes, Genotypes I and II are the most prevalent of the ASF viruses’ Genotype I viruses are
endemic to West and Central Africa and have demonstrated lower virulence in comparison to the Genotype II viruses, which
were introduced to Eastern Europe in the mid-20007s.72:81

Different strains and genotypes have varying abilities to produce disease. Cross-immunity across genotypes exists to
some extent, with an association between cross-protectiveness and the CDv2 protein (EP402R gene)* and a C-type lectin
protein (EPI153R gene)3> However, as of 2020, characterization of the exact mechanisms that are involved in cross-protection
between strains is still needed.6 Additionally, antigenic diversity has been related to potential changes in genes, including MGF,
E183L, and B602L, based on a review by Malogolovkin & Kolbasov (2019).82 The exact details behind the drivers of genetic

and antigenic diversity require further research as of 2020.
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2.3 Clinical Signs

There are four clinical forms of ASF including peracuate , acute, subacute, and chronic. Each form ranges in severity
based on many factors including the infectious dose, route of exposure, swine species, virus virulence, endemic status in the area,
and concurrent infections. For example, African Wild Boars (Sus scrofa algira) tend to be subclinical (unapparent/silent) carriers of
the disease, whereas domestic pigs tend to have peracute or acute presentation of clinical signs.%3

Peracute presentation is characterized by a high fever 105°F (40.5°C), loss of appetite and inactivity. Sudden death will
typically occur within 1-3 days, which may occur before any other clinical signs develop. 63

Acute presentations have overlapping clinical signs similar to peracute but generally develop additional signs such as
increased respiratory rate; ocular and nasal discharge; bloody froth from the nose/mouth; hemorrhages (spot-like or extended)
on the ears, abdomen, and/or hind legs; reddening of the skin on the chest, abdomen, perineum, tail, and legs; constipation or
diarrhea, which may become mucoid to bloody; vomiting; and abortion in sows at all stages of pregnancy. Death may occur
anywhere between 6-15 days depending on the virulence of the virus isolate, with a mortality rate of 90-100% in domestic
swine.63

Subacute presentations share similar clinical signs with acute presentations although the signs are generally less severe.
The exception are the vascular changes such as hemorrhages and edema, which are more severe in subacute presentations of
ASF. Edema may cause serous pericarditis, swollen joints, and subsequent pain when walking. Fever, depression, and loss of
appetite also tend to fluctuate throughout the course of disease. The mortality rate of subacute presentations of ASF is 30-70%
with death usually occurring within 7-20 days of the first appearance of clinical signs, and survivors may recover after one
month.63

Chronic presentations are generally present in those regions where ASF is endemic. Mortality rates are typically less
than 30%, and clinical signs occur 14-21 days following exposure. Clinical signs tend to be milder, e.g., lower fevers, less

depression, suppression of appetite rather than anorexia, with a majority of infected pigs recovering from the disease.53

2.4 Diagnostics and Sampling Strategies

Testing for ASFV can be classified into two categories. These categories are: 1) direct detection of viral antigen, which
consists of virus isolation (VI), direct fluorescent antibody testing (DFA), sequencing, and real-time polymerase chain reaction
(PCR); and 2) serology for detection of antibodies, which consists of enzyme-linked immunosorbent assays (ELISA), indirect

fluorescent antibody (IFA), and immunoperoxidase test (IPT).69.87
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Viral antigen testing is currently based on individual animal sampling because it is the only validated method to detect
ASFV. However, the National Veterinary Services Laboratory Foreign Animal Disease Diagnostic Laboratory (NVSL FADDL)
as of April 2020 is in the process of validating aggregate sampling, such as oral fluid testing via rope sampling.87 Although
recommended tissue samples for testing by WOAH include lung and bone marrow?®8, the only approved sample types for testing
by the NVSL FADL in the US are whole blood and fresh tissue (spleen, lymph nodes, and tonsil), blood spot, blood swab, and
spleen swab.69:87
In the US, where there is no available vaccine for ASFV, the presence of antibodies indicates previous infection or
persistent infection in subacute and chronic forms.%:87 In Vietnam where an ASF vaccine is currently under field evaluation, an
accompanying ELISA that differentiates naturally infected from vaccinated animals (DIVA) is needed.?¥ An additional vaccine
being developed for wild boar and domestic pigs in the EU is expected to have an accompanying DIVA antibody ELISA
available at the time of vaccine release, although no confirmed date of release is available.?% Confirmatory testing for samples
positive for antibodies by ELISA should be performed using IFA, IPT, or immunoblotting.69
Under the US Swine Hemorrhagic Fevers Integrated Surveillance Plan, feral swine in very high-risk counties in high-
risk states and territories of the US (e.g., Texas, Louisiana, Georgia, Florida, Puerto Rico, and the U.S. Virgin Islands) will have
whole blood and serum tested for ASF.9! Additionally, where sick or dead swine resulting from non-traumatic events are found,
tonsil and spleen samples (or lymph nodes if tonsils and spleen aren’t available) will be submitted for ASF testing.9!
The FAD PReP Manual suggests prioritizing pigs for testing by the following criteria:87
e Abnormal mortalities should be prioritized first.
e  The next targeted group is sick pigs with ASFV compatible clinical signs.
e  Pigs with high probability of disease, such as decreased production or feed intake, under high stress, appear unhealthy,
or may have had exposure to the disease, should be prioritized next.

e TFinally, pigs that are apparently healthy are to be targeted last.

2.5 Virus Survival

As previously discussed, ASFV is structurally complex and thus resistant to a range of environmental factors such as pH
and temperature. Depending on the virus strain, temperature, pH, substrate, and other conditions, the virus can persist for
considerable periods of time in the environment, tissues, secretions, and excretions. Table 2 summarizes the amount of virus
detected in various porcine secretions and excretions. ASFV has also been detected in semen at 2 days following experimental

infection with the semen quality remaining largely unaffected.92

25



TABLE 2. AMOUNT OF ASF VIRUS SHED THROUGH DIFFERENT EXCRETIONS/SECRETIONS BY PIGS

Aerosol

Oropharyngeal
fluids

Nasal swab

Ocular swab

Feces

Rectal swab

Urine

Vaginal swab

Max 2.3/1.8/2.1 logio
genome copies/5L
snout/floor/1m*

~2.7-3.2 logio
TCIDsoeq/mf"A

"'3.0-4-.3 10g10
TCIDsoeq/swab

~4.5 genome copies/ml

~3.0 log1o
TCIDsoeq/swab

4 logio HAD5p/ml
~6 genome copies/ml

~1.5 log1o
TCIDsoeq/swab

4.83 logio TCIDso/g

"’2.7-3.8 10g10
TCIDsoeq/g

1.9-3.6 logi0 genome
copies/ml

2 10g10 HADso/ml
~5.5 genome copies/ml

2.94 logio TCIDs0/g

2.3-3.9 logio genome
copies/ml

~1.7 logio
TCIDsoeq/swab

No viral DNA detected in corridor air

between pens

14 min (experimental aerosol)

NR

NR

NR

NR

NR

8.48 days* at 4°C
3.71 days* at 37°C

NR

<7 days

NR

15.33 days* at 4°C
2.88 days* at 37°C

<7 days

NR

Olesen et al., 201793

de Carvalho Ferreira et al.,
20139

de Carvalho Ferreira et al.,

2012%

Guinat et al., 20149

de Carvalho Ferreira et al.,

20129
Guinat et al., 20149
de Carvalho Ferreira et al.,

2012%

Davies et al., 201797

de Carvalho Ferreira et al.,

2012%

Fischer et al., 202098

Guinat et al., 20149

Davies et al., 201797

Fischer et al., 202098

de Carvalho Ferreira et al.,

2012%

*Measured at 1-2 cm from pig snout, just above pen floor, and 1 m above pigs

"Measured 1 m above pen floor

#Data values extrapolated from graphs

+Estimated from initial viral titer and half-life value

NR: Not reported
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HAD5o/mL: ASF viral titer expressed as 50% hemadsorption doses per milliliter

TCIDso: ASF viral titer expressed as 50% tissue culture infectious dose

In the acute phase of disease, during which time period the viral titer is highest, the maximum reported viral load of

different ASFV strains ranges from 6 to 9 logio HAD30/ml blood. As illustrated in Table 3, ASFV remains stable in organs

and tissues for appreciable amounts of time, with temperature strongly influencing survivability.

Table 3. ASFV persistence in organs and tissues

Tissue/organ Duration of
survival/
infectivity

Methods

Reference

Predicted survival®
483 days at -20°C
126 days at 4°C
15 days at 23°C

Spleen

= 2 years at -20°C
7-30 days at 4°C
< 7 days at 21°C

>105 weeks at -70°C
and -20°C

Kidneys Predicted survival®
353 days at -20°C
35 days at 4°C

17 days at 23°C

Predicted survival®
714 days at -20°C
136 days at 4°C

9 days at 23°C

Lungs

2-3 months at -20°C
<1-30 days at 4°C
< 7 days at 21°C

Bone marrow

Muscle 18-24 months at -
200C
2-3 months at 4°C

<1 day at 21°C

Organs from naturally infected
pigs

Organs from infected pigs stored

on various matrices

Spleen portions from infected pigs
stored in screw cap bottles

Organs from naturally infected
pigs

Organs from naturally infected
pigs

Organs from infected pigs stored

on various matrices

Organs from infected pigs stored

on various matrices
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Mazur-Panasiuk &
Wozniakowski, 2020100

Fischer et al., 202098

Plowright & Parker, 1967101

Mazur-Panasiuk &
Wozniakowski, 2020100

Mazur-Panasiuk &
Wozniakowski, 2020100

Fischer et al., 202098

Fischer et al., 202098



Skin 3 months at -20°C
3-6 months at 4°C
7 d to 3 months at

21°C

Organs from infected pigs stored Fischer et al., 202098

on various matrices

“Predicted survival times based on linear regression formula

While Table 3 demonstrates marked persistence of infective ASFV in various organs and tissues, especially at lower

temperatures, one study recovered no viable virus from infected wild boar carcasses buried for 18 to 440 days at 20 different

sites.!02 Since the burial period included summer months for all sampled carcasses, the authors propose that higher

temperatures, as well as other local environmental factors, likely inactivated the virus. Table 4 illustrates the variability in

ASFYV survival under different environmental conditions.

Table 4. Environmental survival of ASFV under various conditions

Substrate Duration of Methods Reference
viability /
infectivity
Water/straw/hay > 56 days at 4°C Infectious spleen tissue incubated in different Mazur-Panasiuk &
<7 days at 23°C substrates for 56 days Wozniakowski, 2020100
Soil/grain 28 days at 4°F Infectious spleen tissue incubated in different Mazur-Panasiuk &
<7 days at 23°C substrates for 56 days Wozniakowski, 2020100
Leaf litter 8-13 days at 4°C Infectious spleen tissue incubated in different Mazur-Panasiuk &

Straw & feces in pen

Yard soil (pH=6.7)

Swamp mud (pH=5.2)/
beach sand

Forest soil
(pH=3.2/pH=4.1)

Wheat/barley/rye/
triticale

Corn/peas

Soybean meal
Choline

< 7 days at 23°C

1 day

7 days at 4° and
25°C

<3 days at 25°C

0 days at 25°C

<2 hrs at room
temperature

0 hr at room
temperature

T1/2 (days)
9.6-12.9
11.9

substrates for 56 days

Healthy pigs introduced 1, 3, 5, or 7 days post

removal of infected pigs

Spiked with infectious blood

Spiked with infectious blood

Spiked with infectious blood

Contaminated with infectious blood

Contaminated with infectious blood

Feed/ingredients inoculated with ASFV,
incubated at 0-26°C, humidity 20-100%

Wozniakowski, 2020100

Olesen et al., 2018103

Carlson et al., 2020104

Carlson et al., 2020104

Carlson et al., 2020104

Fischer et al., 2020105

Fischer et al., 2020105

Stoian et al., 2019106
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Soy oil cake 12.4
Complete feed 14.2

2.6 Cleaning and Inactivation

Due to the complexity of its structure, the ASF virus is generally more resistant to inactivation than other enveloped
viruses.!07 It persists across a wide range of temperatures and pH. AFSV is inactivated after exposure to 133°F (56°C) for 70
minutes and 140°F (60°C) for 20 minutes, but is very resistant to low temperatures and can survive many freeze-thaw
cycles. 99108 When ASFV was held at -4°F (-20°C) in porcine spleen, kidneys, and lungs, the half-life ranged from 20 to 32 days.%
The virus survives in serum-free medium at a pH range of 3.9 to 11.5.198 In the presence of serum, the virus can persist at a pH
of 13.4 for 7 days.108

In a study comparing the effects of time and temperature on ASFV in alkaline (pH=10.2) minimum essential medium
(MEM) to plasma, the virus was inactivated much more readily in MEM than in plasma.!%” Another study measured the
persistence of ASFV in serum-containing media and pig slurry at different temperatures over time.!% The results demonstrate
that ASFV remained stable for 24 hours at moderate temperatures [39°F (4°C) and 72°F (22°C)], and inactivation was more
rapid in slurry than in the study medium.

Krug et al. (2011) dried ASFV at 86°F (30°C) to mimic the more likely viral state in environmental contamination; this
resulted in approximately 2.4 mean logio reduction in infectivity of ASFV on steel and plastic surfaces.!!? Additional information
on chemical inactivation of ASFV and approved disinfectants can be found in Appendix A
(https://www.aphis.usda.gov/animal health/emergency management/downloads/asf-virus-disinfectants.pdf).

In addition to the disinfectants listed in Appendix A, a recent study found sodium hydroxide, phenol, glutaraldehyde,
benzalkonium chloride, and acetic acid to effect a greater than 4 logio reduction in ASFV titer with a contact time of 30 minutes

at 50°F (10°C).111

2.7 Viral Shedding and the Course of Infection in Suids

The incubation period for ASFV, i.e., the period between infection to the onset of clinical signs, is 4-19 days.%9 For
control purposes, the WOAH considers the incubation period to be 15 days.!12 The latent period, 1.e., the period between

infection to the onset of infectiousness, is 1-7 days.% The duration of the incubation and latent periods is dependent on the
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strain, infectious dose, and transmission route. Studies have found that pigs infected with ASFV can shed virus before viremia
occurs and even before the development of clinical signs.9%.96

ASFV has been found to nitially infect and deplete monocytes and macrophages in lymphoid organs, especially lymph
nodes and spleen.!!3 As the course of infection progresses, the virus then spreads to other cell types, such as megakaryocytes,
tonsillar epithelial cells, hepatocytes, kidney cells, and endothelial cells in various organs.!!3

ASFV is present in multiple tissues of infected pigs, with spleen and lymph nodes typically having the highest amount of
virus. The virus is also shed in the secretions, and excretions, such as blood, oral fluids, feces, urine, and aerosols, of infected
suids. Blood has consistently been found to contain high amounts of virus.!!3 A study by Howey, et al. suggests that the virus is
shed in both nasal and oral secretions in similar quantities.!!* Pigs infected with low to moderately virulent virus strains have
been found to shed virus from the oropharynx for up to 70 days post infection (dpi), although the amount of virus is present is
lower and intermittently shed after 30 dp1.9* de Carvalho Ferreira, et al. discovered a positive association between the amount of
virus excreted in feces and the virus titers in air, for which infectious ASFB can be detected in feces and urine for up to 5 days at

room temperature.9’

2.8 Differential Diagnosis

The clinical signs of ASF cannot be distinguished from Classical Swine Fever (CSF). Other differential diagnoses
include Porcine Reproductive and Respiratory Syndrome (PRRS), Porcine Dermatitis and Nephropathy Syndrome (PDNS),
Erysipelas, Aujeszky’s Disease (in young pigs), Salmonellosis, bacterial septicemias, and acute febrile haemorraghic

syndrome.69:87,115

2.9 Host Range (note: Host range and clinical presentation are described more thoroughly in Section 1 but repeated briefly here for context.)

African wild suids are the natural hosts of ASFV, with the Omuthodoros soft ticks serving as the vector in the sylvatic
disease cycle, where present. Feral pigs, European wild boar (Sus serofa_feus) and all members, and all ages, of the Suidae family are
susceptible to ASFF, with domestic pigs acting as accidental hosts. All suids are susceptible to all serotypes of ASFV. In the US,
the collared peccary (Pecari tajacu) which may resemble a small pig, is not part of the Suidae family, but a member of the
Tayassuidae family and is considered to be resistant to ASFV!16,

The severity of illness may differ depending on the specific infecting virus serotype and the species that is infected. The
ASFV is not readily transmissible to humans and thus should not be considered a zoonotic disease. It cannot be spread to

humans via contact with infected pigs, nor through the consumption of infected pork.53
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2.10 Purpose of Literature Review

The purpose of this literature review is to identify ASF pathways of transmission. Knowing the viral characteristics of
ASFV is important to better identify potential transmission pathways in the US. For example, ASFV has been shown to survive
in yard soil for up to seven days at both 4°C and 25°C194, and the virus is known to be transmitted oronasally. This identifies
contaminated yard soil as a potential link for viral transmission from infected and shedding feral swine to susceptible domestic
herds. Specifically, if feral swine have access to or share an environment with domestic swine then viral exposure may occur
when pigs root around in the same area.

The next section of this review will identify transmission pathways that have been identified in ASF positive countries
where wild boars have either directly, or indirectly transmitted ASF to domestic pigs. Other, more theoretical pathways via
which ASFV could be transmitted but that have not been demonstrated either experimentally or epidemiologically will also be
discussed. Collectively, what is known about the virus, its host range, and what has happened in other countries will inform the
US pig industry about risk but will not estimate risk.

This review will focus on potential pathways and provide examples of mitigations in ASF-positive regions. However,
this literature review will not consider preventative measures or mitigations currently in place that may make ASF transmission
through these pathways less likely for US pigs. This last step is essential in for a complete risk estimation. An example of risk
assessment for ASF in the US that is in progress that includes entry and exposure assessments in addition to risk estimations with
and without mitigations in place is the “Assessment of the Risk Associated with the Movement of Liquid, Cooled Boar Semen
Within, Into, and Outside of a Control Area During an ASF Outbreak in the US.” The Boar Semen RA is limited in scope to
boars raised in total confinement and, while there are some pathways that may be applicable to the broader pig industry in the

USA, many are unique to boar studs and mitigated only by boar stud-specific practices.

3. Pathways of Transmission of ASFV from Feral Swine to Domestic Pigs in the US
(Pathways that have either been shown or may be transmatted from the wild suwids of Africa, Asia, and Europe to domestic populations of pigs)

Wild boars (Sus scrofa) in Europe and Asia, and warthogs (Phacochoerus africanus), giant forest hogs (Hylochoerus
meinertzhagen), red river hogs (Potamochoerus porcus), and bushpigs (Potamochoerus larvatus) in Africa, are all susceptible to ASFV117)
and have all been suspected in the spread of ASFV to domestic pigs in their native regions!!8. It is important to note that in
many of the exposures, the domestic pigs were housed in farms with “low biosecurity” where wild suids and domestic pigs had

opportunities for interaction!17.
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To provide information regarding the ways infected feral swine could transmit ASFV to domestic pigs, this pathways
analysis approach, similar to the approaches used in the risk assessment process by the Secure Food Systems team, has been
completed. The following pathways have been identified in the “Assessment of the Risk Associated with the Movement of
Liquid, Cooled Boar Semen Within, Into, and Outside of a Control Area During an ASF Outbreak in the US” that is in
development as potential pathways for ASFV transmission (Table 5). We will use these pathways to further explore the

transmission of ASFV from feral swine to domestic pigs.

Pathway Description or example

Wild and peri-domestic animals 3.1.1 Feral Swine: Direct transmission
3.1.2 Other Wild Animals: Indirect transmission as fomites

3.1.3 Peri-domestic animals: Indirect transmission as mechanical

vectors
Mortality and cull management 3.2.1 Direct Transmission: Contact with contaminated carcasses
3.2.2Indirect Transmission: Hunting
Domestic animals 3.3 Indirect Transmission - Fomite
Insects and arthropods 3.4.1 Arthropods: Indirect Transmission via Sylvatic Cycle
3.4.2 Insects: Indirect Transmission as Mechanical Vectors
Water 3.5 Ingestion of contaminated water
Feed and Bedding 3.6.1 Feed: Ingestion of contaminated feed
3.6.2 Bedding: Ingestion or inhalation of contaminated bedding
Aerosols 3.7 Inhalation of virus-laden air or ingestion of air particles
Vehicles and equipment 3.8 Fomite transmission of ASFV to domestic pigs if pigs come in

contact with contaminated vehicles and equipment

People 3.9 Fomites transmission of ASFF to domestic pigs if pigs come in
contact with people either wearing contaminated outwear/shoes or
people with viable ASFV on their body surfaces.

Biological materials 3.10 Direct transmission of ASFV if the biological material is
contaminated with or contains viable ASFV and is injected into,

ingested by, or inhaled by a domestic pig.

Table 5. Potential Pathways and their examples of ASFV Transmission from feral swine to domestic pigs in the US

3.1. Wild and peri-domestic animals

3.1.1 Feral Swine

Infected feral swine can transmit ASFV to domestic pigs via direct contact, or indirectly through their excreta in the
environment!!9. Understanding feral swine ecology!2? and behavior!!7 at the wild/domestic interface would explain the main
drivers that result in feral swine having direct contact with domestic pigs (or resulting in indirect contact should the domestic

pigs’ environment be contaminated by feral swine). In Europe, three key drivers of contact between wild boar and domestic pigs
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are: I. food availability, II. sexual attraction, and III. overlap of habitat.!!7 The following are examples of these main drivers but
written in the context of US feral swine ecology and behavior:

I. In a food scarce environment, feral swine can become attracted to the available feed at a pig farm.

II. Feral swine, especially boars, may be sexually attracted to domestic sows and gilts (such sexual behavior mainly occurs in
Autumn in Europe!!7).

ITI. Wherever the presence of feral swine and domestic pigs overlap, there exists the potential for these two populations have

direct contact or indirect contact via the environment in their shared habitats.

3.1.2 Other wild animals

It is possible that other wild animals could serve as mechanical vectors in the spread of ASFV. One way is the
movement of contaminated feral swine carcass from one place to another during scavenging. In South Korea, leopard cats are
known to scavenge on wild boar carcasses.!?! In Germany, a study to identify the role of scavengers in the spread of ASFV was
performed, for which Raccoon dogs (Nyctereutes procyonoides) were identified as having scavenged on wild boar carcasses.!22 Since
most of the carcass material was consumed on the spot by these wild carnivores, the authors concluded that these scavengers
only “present a minor risk...for spreading [ASFV]”. 122 In the same study though, it was also noted that very rarely a small piece
of the meat would be taken from the area by these scavengers!22, which is a potential ASFV pathway that should not be
completely discounted.

Another potential pathway of indirect transmission is the spread of ASFV in the feces of scavengers and predators.
However, this transmission pathway seems unlikely since results from a study of wolf feces in ASFV positive areas of Poland

suggests that ASFV does not survive passage through the wolf’s intestinal tract.!23 Finally, it is also possible that any wild
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animal’s body could become contaminated from an ASFV contaminated environment, but ASFV transmission via this

particular wild animal ASFV pathway has not been evaluated.!2*

3.1.3 Peri-domestic animals
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FIGURE 4. EXAMPLES OF PATHWAYS FOR WHICH WILD ANIMAL CAN INDIRECTLY crows, etc.) or

TRANSMIT ASFV FROM FERAL SWINE TO DOMESTIC PIGS. rodents (o serve

as mechanical vectors from the movement of ASFV contaminated carcass, or because their body surfaces become contaminated
12¢ Tn Germany, peri-domestic animals such as red foxes (Vulpes vulpes), buzzards (Buteo buteo), ravens (Corvus corax), and white-
tailed eagles (Haliaeetus albicilla) were seen scavenging wild boar carcasses.!?2 In South Korea, large-billed crows, golden eagles,
grey-backed thrushes, grey-backed thrushes, eyebrowed thrushes, crows, cinereous vultures, raccoons and rodents were also seen
visiting wild boar carcasses and even stayed there for a while.!2! Blood collected from birds and rodents from ASF positive farms
in Lithuania and Russia were tested for ASFV antibodies and all were negative suggesting this is an unlikely pathway.!2> A study
in Vietnam, funded by the Swine Health Information Center, in suggests that rodents may not be risk for spreading ASFV.126
Despite peri-domestic animals presence on positive ASFV farms in Europe, their scavenging behavior, and having been
implicated in spreading pathogens including ASFV in Spain!24, the role of peri-domestic animals in the transmission of ASFV is

unclear, and additional research is needed.!24

3.2. Mortality and Cull Management

Other than contact with live wild boars, direct contact with ASFV contaminated wild boar carcasses can also be a

pathway of transmission to domestic pigs. Infectious ASFV can be maintained in carcasses for months, especially in cold and
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moist climates, like those found in Eastern and Central Europe!!7. Even following decomposition, a contaminated environment
may still serve as a pathway for ASFV transmission, due to the long ASFV survival times and the rooting behavior of suids.
Additionally, any field dressing of recently hunted feral swine, or the inappropriate disposal of their offal, could also contaminate
the environment with ASFV.117.127 The duration of infectiousness in the environment is highly dependent on soil pH, structure,
and ambient temperature.!9* For example infectious ASFV can be found in yard soil for one week, swamp soil for three days,
and beach sand for up to two weeks.!0* Therefore, an environment contaminated by ASFV contaminated carcass (or offal) could
serve as a pathway of transmission to domestic pigs. Similarly, if the environment becomes contaminated with the carcasses of
improperly disposed of ASFV-infected domestic pigs, then it follows that this is a potential ASF pathway if other susceptible

domestic pigs come into direct or indirect contact with that contaminated environment.

3.3 Domestic Animals

There is no direct evidence to support the transmission pathway of ASFV via domestic animals such as dogs and cats!28,
or poultry and other livestock species. It is possible that domestic animals could serve as mechanical vectors in the spread of
ASFV, either by contaminating their body, or the movement of contaminated carcass. Transmission is especially possible if they
have access to or travel between both feral swine and domestic pigs or their environments. Another potential pathway of
transmission could be from scavenging on ASFV contaminated feral swine carcass or grazing in ASFV contaminated
environments. This pathway is unlikely given that wolf feces from wolves allowed to scavenge on contaminated wild boar
carcasses tested negative for infectious ASFV, suggesting that the virus does not survive passage through the intestines of non-
suids.!23 Although these pathways of ASFV transmission via domestic animals are possible, more information is needed to fully

extrapolate their role in ASF transmission.

3.4 Insects and Arthropods

3.4.1 Arthropods

Ticks have been established as a vector for ASFV on the African continent, specifically Omaithodoros spp. soft ticks,b! in
other words, the sylvatic cycle in which ASFV moves between soft ticks and African warthogs.5! Therefore, it is possible that soft
ticks could become infected from feral swine and domestic pigs become an “accidental host” if infested by the tick vectors!20:129,
In an outbreak in southern Spain and Portugal in 1960 Omuthodoros erraticus ticks acted as vectors.!!7 Ticks were found on infected

farms that used “traditional pig housing” and transmission to naive pigs continued to occur a year after the initial outbreak. The
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ticks involved in this outbreak were shown to maintain the virus for up to five years following natural infection. Viral replication
has been shown to occur in other Omuthodoros species!!7 as well.

Current outbreaks in Europe have not been attributed to the transmission of ASFV via the sylvatic cycle because wild
boars do not have permanent resting places in which ticks are also present making this pathway unlikely. For example, in the
Portuguese outbreak, ticks were rarely found in rabbit burrows surrounding the infected farms, they were only found in farms
using “traditional pig housing”!!7. In Ukraine, Omuthodoros verrucosus was only found in limestone cliffs on riverbanks, to which
wild boars have limited access!!7. In Africa, despite the presence of the sylvatic cycle, there is “limited evidence on the role of
soft ticks in ASFV persistence and transmission in domestic pig areas”!!7. Where there is clear overlap in the habitats of the
warthogs and ticks with those of the domestic pigs, transmission via ticks is very possible, but in regions of Africa where these
areas of overlap are non-existent, tick transmission is infrequent!!’. In Mozambique, domestic pigs that were positive for anti-
tick antibodies were housed in areas close to national parks, and similar ASFV viruses were isolated from the positive pigs and
the ticks involved in that sylvatic cycle!!7.

The four Ormithodoros ticks found in the US Omuthodoros coriaceus, O. turicata, O. puertoricensis, and O. parkers, have all been
experimentally infected with ASFV in published studies. In addition, with the exception of O. parker:'30-131, the infected ticks
were also deemed competent hosts and resulted in ASFV transmission to the susceptible pigs in the experimental studies.!30.131
Other Ormuthodoros ticks that exist in the US have not yet been identified as competent vectors because experimental studies have
yet to be performed with them!30,(Appendix B). In 2019, Wormington et. al., identified areas of the United States in which the
competent ticks have been found and where feral swine are present (Figure 5)!30. Using domestic pig population data from
2012, the authors also identified areas of the United States in which spillover risk from the sylvatic cycle to domestic pigs is
higher, due to the presence of domestic pigs and the co-occurrence of competent ticks and feral swine (See Figure 2 in the

original literature).130
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Figure 5. Map of counties in the US that have both competent tick vectors for ASFV and the presence of feral swine.
Source: Wormangton et. al. (2019), Figure 1.

Two hard bodied ticks from Europe, the common tick (Ixodes Ricinus) and the meadow tick (Dermacentor reticulatus), have
been evaluated as biological vectors of ASFV, but no viral replication occurs in these ticks, though they may be potential
mechanical vectors as the virus can survive in these ticks for six to eight weeks.!32133 These genera of hard bodied ticks exist in
the US; however, no literature was found identifying them as potential biological or mechanical vectors for ASFV. Additional

information is therefore needed to evaluate whether hard bodied ticks could play a role in the transmission of ASFV in the US.

3.4.2 Insects

Flies can potentially serve as mechanical vectors in the spread of ASFV between feral swine and domestic pigs. In
Europe, Stomoxyxs and Tabinaidae spp. flies are suspected in transmission of ASF cases in domestic pigs during summer months!!7.
Although flies cannot acquire, maintain, or transmit ASFV!17, pigs were experimentally infected following ingestion of blood-
feeding stable flies (Stomoxyxs calcitrans) that had recently been fed ASFV positive blood.!3* Authors did note though that larger
Horseflies (Tabamidae spp.) would be more likely to spread the virus because of their propensity to travel further.!3* These larger
flies are also able to consume and carry larger volumes of blood.!32-136 Other fly species such as houseflies (Muscidae spp.) and
blowtlies (Calliphoridae spp.) that are not hematophagous, but feed on and/or lay eggs in decaying pig carcasses,!37 have been
hypothesized to be mechanical vectors for ASFv as well. 132,133

In South Korea (Republic of Korea), other insect types were collected from ASF positive farms and tested for ASFV-
DNA. There were a total 28,718 insects collected from 14 farms and included flies, mosquitos, cockroaches, and an
uncategorized group.!3® None of the insects showed any trace of ASFV-DNA, but authors concluded that the possibility of the
spread of ASFV by these insects shouldn’t be completely discounted!38. In Romania, biting midges (Culicoides spp.) collected

from ASF positive farms, tested positive for the presence of ASFV-DNA. 139 Although ASFV-DNA was present, the
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infectiousness wasn’t evaluated, therefore further evaluation is needed for biting midges and their role as a vector in the spread

of ASFV.
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FIGURE 6. EXAMPLE OF A PATHWAYS FOR WHICH INSECTS AND ARTHROPODS CAN INDIRECTLY
TRANSMIT ASFV FROM FERAL SWINE TO DOMESTIC PIGS.

Finally, hematophagous hog lice (Haematopinus suis) have been suggested as potential vectors.132:140.141 In an experimental
setting, hog lice feeding on viremic pigs were able to transmit virus to healthy pigs.!42 However, other experimental studies failed
to demonstrate the ability of hog lice to transmit virus between pigs.!#3-14 Even if hog lice demonstrate substantial ability to
transmit disease within-barns, these lice do not survive outside of their host for more than a few hours,!32 it is unlikely for lice to
be carried between farms via farm workers, vehicles, or any other means aside from moving pigs between farms. Furthermore,

the capacity of hog lice to act as a competent vector was rated between unlikely and probable by subject matter experts.!40

3.5. Water

There is evidence that water can serve as an indirect pathway in which ASFV is transmitted from feral swine to
domestic pigs. Experimental studies have shown that the virus can “remain infectious in stagnant water from 50 to 176 days”!!?
and when water is contaminated by ASFV infectious blood, the viability of the virus is preserved for at least 60 days when stored
at 4°C9. Niederwerder et al. also experimentally infected pigs orally through drinking and 40% of these pigs were exposed to
the liquid inoculum that contained as little at 1 TCID50!9. In an epidemiological study in Romania, it was hypothesized that the

Danube River may have played a part in an outbreak of ASFV in the region!29, including infection of a high-biosecurity, large
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FIGURE 7. EXAMPLE OF PATHWAYS FOR WHICH WATER CAN INDIRECTLY TRANSMIT ASFV FROM
FERAL SWINE TO DOMESTIC PIGS.

3.6. Feed and Bedding

3.6.1 Feed

Transmission of ASFV is possible via the natural consumption of contaminated feed that is plant-based, especially after
repeated consumption. Were the feedstuffs to be contaminated by infected feral pigs or their contaminated carcasses, feed could
serve as an indirect transmission pathway for feral pigs to transmit ASFV to domestic pigs'20. There are a few feedstufls that
have been experimentally contaminated with ASFV to determine how long they may remain infectious, many of these durations
will also be affected by storage temperature. Compound feed contaminated with ASFV stored at room temperature was positive
for virus isolation for less than 5 days, but was positive for virus isolation at least 60 days when stored frozen.!%6 According to a
systematic literature review performed in 2021 by the European Food Safety Authority (EFSA), viral persistence for cereals, oil

seeds, and legumes were published. No data was available tubers, forage and roughage, or tote bags.!47
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FIGURE 8. EXAMPLE OF A PATHWAY FOR WHICH FEED SERVES AS AN INDIRECT PATHWAY FOR
TRANSMISSION OF ASFV FROM FERAL SWINE TO DOMESTIC PIGS.

3.6.2 Bedding

Transmission of ASFV is possible via naturally derived bedding such as straw!33 or the hulls/husks of rice or other
cereals!®6, In Poland and other Baltic states, fresh grain and grass contaminated by infected wild boars was implicated as a direct
source of infection of ASFV, because infected wild boars were found in the same areas as the domestic pig outbreaks!#8. In a risk
factor analysis study of the ASF incursion in Romania in 2019, 21 of the ASFV positive farms reported that “wild boars had
access to the bedding storage”.!%9 According to a systematic literature review performed in 2021 by EFSA, other bedding

material such as dust, wood chips, turf or hulls/husks of rice or other cereals, were not available.146
3.7. Aerosols

Acrosol spread of ASF is limited to short distances'?> and can be a form of indirect transmission of ASFV. A report
from China noted positive ASFV in aerosols, dusts and air outlet samples, but these samples were limited to those of the
piggeries.'50 Another study determined the half-life of ASFV in air to be 19 minutes when tested by PCR.9* There was no
identified literature that explored aerosol spread between feral swine and domestic pigs, nor were there epidemiological
accounts of aerosol spread over long distances. Although long-distance cannot be completely discounted, it is more likely that if
transmission were to occur from feral swine via aerosols, that feral swine and domestic pigs would need to be in close contact

with each other.
3.8. Vehicles and Equipment

3.8.1 Vehicles
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Given that AFSV survives in secretions and excretions of swine such as saliva, nasal
fluids, urine, and feces, they may be important sources of contamination coming from feral swine and their environments. If
those materials contaminate equipment and vehicles, they can then serve as fomites to spread disease to susceptible swine.
Contaminated livestock vehicles have been implicated as a source of ASFV in outbreaks!>!, although according to the EFSA, no
data exists for ASFV survival on or in vehicles used for live pig transport, vehicles visiting pig farms, or any other vehicle
types.!#7 In Vietnam, ASFV-DNA was isolated from feed delivery vehicles, but samples were not tested for live virus.!52 Infected

feral swine could also, theoretically, contaminate vehicles if a collision!%3 or other contact occurs.

3.8.2 Equipment

Equipment and its surfaces may be contaminated with ASFV when in contact with infectious material from feral swine.
Although there is no evidence to support this exposure pathway between feral and domestic swine it remains possible. ASFV-
DNA has been isolated from an animal contact surface in Vietnam and it is possible that feral swine could contaminate feeders
and waterers with their saliva. In Vietnam, ASFV from dried infectious blood persisted on various porous and non-porous

fomites, between 2 days on paper and more than 7 days on glass!5%.
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FIGURE 9. EXAMPLE OF PATHWAYS FOR WHICH VEHICLES AND EQUIPMENT CAN INDIRECTLY
TRANSMIT ASFV FROM FERAL SWINE TO DOMESTIC PIGS.

3.9. People
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People can serve as a means of indirect transmission of ASFV from feral swine to domestic pigs. The clothing or shoes
of a person following contact with infected feral swine, their carcass, or a contaminated environment may serve as a pathway of

transmission!%, especially during normal hunting or slaughter practices!20.
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FIGURE 10. EXAMPLE OF A PATHWAY FOR WHICH PEOPLE CAN SERVE AS INDIRECT PATHWAY FOR
TRANSMISSION OF ASFV FROM FERAL SWINE TO DOMESTIC PIGS.
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Another possibility is the movement of contaminated feral swine meat or offal, or other sub-products such as skins,
skulls, tusks, and other hunting trophies.!'® Hunters that eviscerate hunted feral swine on the spot may introduce additional virus
into the environment.!2” Hunters that dress their hogs elsewhere and improperly dispose of offal could introduce ASFV into the

environment, as has been described in areas of Europe.!!7
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FIGURE 11. EXAMPLE OF A PATHWAY FOR WHICH HUNTERS (I.E., PEOPLE) CAN SERVE AS AN INDIRECT
PATHWAY FOR TRANSMISSION OF ASFV FROM FERAL SWINE TO DOMESTIC PIGS.

3.10. Biological Materials

Biological materials are those that are derived from a variety of natural sources or produced by biotechnological

processes.156 Products may be composed of sugars, proteins, nucleic acids, cells, tissues, or combinations of these.!56 The
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biological materials that may be used on domestic pig farms include vaccines, bacterins, diagnostic kits, and oral, injectable, or
topical medications. Any of the ingredients that are used in these products, that are derived from infected feral swine or infected
domestic pigs could serve as an indirect pathway transmission.

Another form of biological materials is semen for the use in artificial insemination. ASFV has been detected in semen at 2 days
following experimental infection?2, semen from infected feral swine being used for artificial insemination could serve as an

indirect pathway of indirect transmission from feral swine to domestic pigs.

4. Mitigation Measures for ASFV Transmission from Feral Swine to Domestic Pigs

This section will review mitigation measures that have been proposed or are in use outside the US in countries that are
ASFV positive, have eradicated ASFV, and/or have borders with ASFV positive countries. The mitigation measures reviewed
are designed to either decrease or eliminate the likelihood of indirect or direct transmission of ASFV from wild boars/feral swine
to domestic pigs. In addition to the detailed information on the mitigation measures, regulations and recommendations from the
USDA to mitigate disease transmission between feral swine in the US and domestic pigs are included where appropriate.

In Section 3, the potential pathways of transmission for ASFV transmission from feral swine to domestic pigs in the US
were presented. Some of the pathways overlap and therefore one mitigation measure may interrupt more than one transmission
pathway. For example, educating hunters on the proper disposal of entrails or offal could not only mitigate transmission via the
mortality and cull management pathway (Section 3.2) but also the wild/peri-domestic animals (Section 3.2) and people
(Section 3.9) pathways. Therefore, instead of repeating information for each pathway, the different mitigations measures
identified in the literature will be described, along with the various pathways they mitigate. For reference, the following
pathways in Section 3 are (Table 6).

TABLE 6. POTENTIAL PATHWAYS OF ASFV TRANSMISSION FROM FERAL SWINE TO DOMESTIC PIGS IN
THE US.

Pathways of Transmission

3.1 Wild and peri-domestic animals
3.1.1 Feral Swine

3.1.2 Other Wild Animals

3.1.3 Peri-domestic animals

3.2 Mortality and cull management

3.3 Domestic animals

3.4 Insects and arthropods
3.4.1 Arthropods

3.4.2 Insects

3.5 Water

3.6 Feed and Bedding
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3.6.1 Feed

3.6.2 Bedding

3.7 Aerosols

3.8 Vehicles and equipment
3.8.1 Vehicles

3.8.2 Equipment

3.9 People

3.10 Biological materials

4.1 Prevention, Surveillance, and Communication

4.1.1 Prevention

4.1.1.1 Vaccination

The vaccination of domestic pigs, wild boars, and feral swine against ASFV have all been proposed as preventative
measures. Vaccination that targets domestic pigs would help mitigate transmission from feral swine by increasing the domestic
pig population’s resistance to infection and decreasing the severity of clinical disease. Vaccination of wild boars and feral swine
will mitigate this pathway by reducing the amount of virus shed which should then decrease the probability of virus transmission
to domestic pigs. Although vaccines would be a great preventative tool, there are no commercially available ASFV vaccines in
the United States.

Although there are no approved vaccines for use in the US, there are a few vaccines being considered as potentially
effective (and safe) to control ASFV in domestic pigs in Vietnam?, China!®7, and EU%. The proposed EU vaccine is also being
considered for use in wild swine?. There are limitations to the use of vaccines in free ranging populations. A vaccine for wild
animals must be orally administered, must be effective after a single dose, and must be stable in the environment, especially
under extreme conditions.!!7 A suitable delivery device for oral administration is also necessary, most likely in the form of

bait.!!7 Finally, this bait must be safe and traceable, not only for wild boars, but also for non-target species.!!?

Pathways Maitigated: 3.1.1 Feral Swine

Another type of vaccine that has been proposed for the prevention of ASFV is an anti-tick vaccine. There are currently
two anti-tick vaccines that have been used in Australia, Cuba, Mexico, and Columbia using Rhpicephalus microplus antigens for
use in cattle!%8, but none against Omuthodoros spp'>9. It is also important to note, that an anti-tick vaccine would only prevent
transmission of ASFV from ticks and would not be effective against other transmission pathways of ASFV from feral swine to

domestic pigs.
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Pathways mitigated: 3.4.1 Arthropods

4.1.2 Surveillance

An important part of preventing transmission of ASFV from feral swine to domestic pigs is to first recognize its presence
in the feral swine population. Surveillance is a tool that has been used by previously negative and currently positive ASFV
countries for early detection of infections in wild swine populations.!!’7 Depending on the ASFV status in a region or country,
passive or active surveillance of wild boars that were found dead or hunted, has been effective.!60 Active or passive surveillance
of ticks may also be performed in tick habitats or pig farms.160 The US has targeted active surveillance of feral swine in certain

regions. More information of this program can be found

https://www.aphis.usda.gov/animal health/downloads/animal diseases/swine/hemorrhagic-fevers-integrated-surveillance-

plan.pdf.

Pathways Mitigated: 3.1.1 Feral Swine; 3.2 Moriality and cull management

4.1.2.1 Diagnostics

Diagnostic assays are necessary for the detection of ASFV. Many of the validated diagnostic methodologies in use have
been validated for use in wild suids, some of which may have better sensitivity in this population. For example, in a comparative
study of the most widely used ASF diagnostic assays in the EU, the confirmatory IPT might be a better serological tool for
evaluating prior viral infection in wild boars compared to three commercial ELISAs available in Europe.!6! They were
Ingenasa-Ingezim PPA Compac K3 (Ingenasa, Madrid, Spain), IDvet-ELISA (ID Screen African swine feer indirect assay;
Grabels, France), and indirect Svanova-ELISA (Svanovir ASFV-Ab; Boehringer Ingelheim Svanova, Uppsala, Sweden).!6! In
the US, any samples submitted for testing of ASFV is currently performed at the National Veterinary Services Laboratory of the
USDA.

Pathways Mitigated: 3.1.1 Feral Swine; 3.2 Moriality and cull management

4.1.3 Communication

Communication offers a way to provide information on recommendations for mitigation measures used to reduce the
likelihood of ASFV spread from feral swine to domestic pigs. Although state and federal regulators are charged with controlling
ASFV, control cannot be achieved without the engagement, cooperation, and efforts from the individuals who own or handle
wild swine or domestic pigs. To foster the public/private partnership necessary to prevent and respond to ASFV, appropriate

communication campaigns are needed that provide, at the very least, basic information about the disease and preventative
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measures.!% In addition to pig producers, all those involved in the pig production and marketing chain should be involved,
including backyard holdings, transporters, service providers and slaughterhouses. !5

Following the outbreak in China in August 2018, South Korea started education on ASF through seminars, posters,
and specific education for livestock farmers. Their purpose was to indicate “the importance of rapid reporting of pig diseases”.162
Education was not only for farmers but also for the public to discourage bringing or leaving of “dangerous foods or food wastes
in areas where wild boars are present”.162 It was also noted that communication is needed to raise awareness of hunters,
especially with their involvement in detecting potentially infected wild swine and contaminated carcasses.!!9

Pathways Matigated: 3.1.1 Feral Swine; 3.2 Mortalily and cull management; 3.9 People

4.2 Containment of ASFV in native wild suid species

4.2.1 Outbreak Zones

Following positive ASF cases in wild swine, many countries have used containment zoning. Each of the zones in a
nation will have specific regulations in place, regarding hunting or surveillance. For example, in South Korea positive wild boar
areas have been zoned into occurrence areas (outbreak areas), buffer zones, and border zones.162 In Belgium and the Czech
Republic, the zones that were created were the infected zone, buffer zone, and a control zone.!!7 In 2008, South Africa declared
an ASFV control zone where Omithodoros spp. ticks and potentially infected warthogs were present.163

Pathway(s) Mitigated: 3.1.1 Feral Swine; 3.2 Mortality and cull management; 3.9 People

4.3 Mitigation Measures Targeting the Wild Boar/Feral Swine Populations

4.3.1 Reduction of Population Density

Decreasing the population density of wild swine has been proposed as a mitigation measure for ASFV transmission
from wild swine to domestic pigs. It is thought, that by decreasing the susceptible population of wild swine, there will be less
disease pressure exerted on the susceptible domestic pig population.!* There are many ways to decrease population density, the
following are examples of wild swine population reduction methods.

Pathway(s) Mitigated: 3.1.1 Feral Swine

4.3.1.1 Hunting

A 2014 scientific report of EFSA reported that “no evidence was found in scientific literature proving that wild boar

populations can be drastically reduced by hunting...in Europe”.16¢ This extrapolation was based on the adaptive behavior of
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wild boars in which these practices may disperse groups of boars, potentially increasing the geographic spread of ASFV.16¢
Driven hunts of wild boar in active areas of ASFV circulation is performed have recently shown to be ineffective because these
types of hunts resulted in the dispersal of the wild boars, especially when dogs are used, potentially spreading ASFV even
further.119

The Food and Agriculture Organization (FAO) recommends that in areas where hunting biosecurity compliance is
difficult a total ban on hunting should be considered, especially if proper surveillance or ASFV testing is unlikely and/or proper
disposal of carcasses is impossible.!1? This mitigation measure decreases the disturbance and dispersal of infected and susceptible
wild swine and also places a restriction on the movement of potentially contaminated killed animals.!19

In the Czech Republic, strict hunting practices to reduce disturbance of the wild boar population as much as possible
was deployed as part of a depopulation strategy in the control zone.!!7 The hunting involved hunting communities who were
only allowed to hunt under special permit and only outside the second-layer fences.!65 While it is possible that driven hunts
could be effective, the experience in the Czech Republic suggests that hunting should be done over a very large area and involve
multiple hunters, hunting clubs, and landowners.

Some countries have used armed forces for hunting wild swine.!'? The Czech Republic used trained snipers with
thermal vision methods and silencers!%6. It has been noted that hunters with knowledge of a targeted area and wild boar
behavior are best suited to the activity.!!9 Belgium used trained local forest officers to assist in finding wild boar, night vision
equipment, and Global System for Mobile Communications (GSM) camera traps at bait sites to cull the last wild boars in their
ASFV infected area.!?

In northern and eastern European countries, selective hunting of reproducing females can be more effective at reducing
population density in those regions, but may lead to adaptive behavior of the wild swine groups in the future; however,
information is incomplete and may differ regionally.!19

For hunting to be effective, the location of the hunt must be considered. Aerial hunting over dense forest or in areas
with high human population might not be possible!!9. Seasonality can also affect hunting effectiveness; cold temperatures may
make it easier to hunt wild swine during the day because they are more likely to forage at this time compared to the spring and
summer when they are nocturnal.l7 Farrowing season can also complicate tracking efforts as sows will build farrowing nests in
areas of dense foliage and will stay in or near the nest for approximately 3 weeks following farrowing.!67 In Europe, wild boar
become more difficult to track during farrowing because the dense green foliage of the forests complicate identification of their

location.!19
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4.3.1.2 Trapping

According to a report by EFSA, “the success of trapping depends on a variety of factors, including topography, time of
year, type of trap used, number and density of traps deployed, trap location, number of nights each trap is used, type of bait
used and duration of pre-feeding before the traps are set”.164 They also noted that trapping is considered to be more costly and
less efficient when compared to hunting.!6¢ Cage traps were used inside a second layer fence in South Korea.!6> The use of traps
have been employed in the US, and Gaskamp et. al, (2021) has published information on the different types of traps and their
effectiveness and efficiency for capturing wild pigs in the state of Oklahoma.168

When used in conjunction with euthanasia, and when managed appropriately, trapping can be a highly effective
method of reducing wild swine populations.!!¥ Trapping and euthanasia was used effectively in small classical swine fever-

affected populations in Bulgaria and Belgium.!19

4.3.1.3 Contraception

Contraception has been proposed as a method of reducing the wild boar population in Europe.!!9 Of course, there are
numerous criteria that must be met for contraception use.!!9 To date (c. 2022), there are no effective oral contraceptives that are
available and marketed, only injectable, making it logistically difficult to administer to wild suids.!19 Although the use oral

contraceptives in feral swine is desirable, more research on its formulation and application is necessary.!19

4.3.1.4 Poisoning (Biocides)

Poisoning, or the use of biocides, has been proposed to control wild boar populations.!6¢ This strategy has not been
applied in the EU, as regulations restrict biocide use in this manner. This tool has been used for other wildlife in the Americas
and Oceania with mixed results.!19 In Australia, poisoning has been effective at managing pig populations, using toxin 1080
(sodium fluoroacetate) or sodium nitrite-dosed baits.!69 Most successful applications of poisoned bait follow pre-feeding with
untreated bait.!%9 A general downside of using bait is that once boars have perished, carcasses may be difficult to locate for
disposal.!6? Like oral contraception, there are many considerations needed for the use of biocides as a tool for the reduction of

wild swine populations.!!9

4.3.1.5 Artificial Feeding Stations
The use of artificial feeding stations has been proposed to keep wild boar in a specific geographic area to restrict their
movement, and subsequently the geographical spread of diseases such as ASF.16¢ Outside of restricting wild boar movement,

they have also been used to facilitate trapping, hunting, or as a deterrent or distraction from agricultural fields.!6* Although
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there are benefits of artificial feeding stations for the restriction of movement and other mitigations to decrease population
density, it has also been noted that they increase the concentration of wild boar in a given area which might facilitate spread of
ASFV within the wild boar population.!6* Additionally, artificially feeding could also increase wild suid populations through
“improved survival during winter and reproductive output™.164

The FAO has proposed regulating supplementary feeding as a more appropriate mitigation.!!9 This can either be a
complete ban on supplementary feeding, or a restriction on the total amount used in an area.!'9 For example, the EU set a limit
of ten kilograms per square kilometer per month in most parts of northern and eastern Europe.!!9 This is especially important
for hunters who use supplementary feed as an attractant for wild boar.!9 An alternative that was suggested was using salt licks

instead of feed.!19

4.3.1.6 Manipulation of Habitat (of wild boar) Carrying Capacity

The manipulation of the carrying capacity of wild boar habitats was also proposed during a European World Café
workshop.166 The general purpose of manipulating habitats is generally targeted at reducing the population of wild boar in a
given geographical area. Examples proposed are the fencing off of water or food sources or clearing away bushes and trees.!%6 In
the Czech Republic, farmers were not allowed to harvest their agricultural fields in an attempt to attract wild boars so they
remain in the area. The strategy seemed to be effective in reducing further spread of ASFV .166 This manipulation of a wild boar

habitat may only be effective in a small ASFV affected area.!66

4.3.1.7 Comparing Mitigations for the Reduction of Population Density

There are many contradictions for the effectiveness of the mitigation strategies presented (e.g., hunting, trapping,
fencing) for the reduction of wild swine populations. For example, hunting has been known to scatter groups of wild swine,
potentially furthering the spread of ASFV. Yet, in a few accounts, hunting has been successful in helping eradicate ASFV from
the wild swine population. Other mitigations like trapping could be less effective than hunting but could also be highly effective.
There are important caveats to consider when ensuring a measure employed is effective for the reduction of wild swine
population density. The caveats and considerations include, but are not limited to, these three areas.

I. Clear Objectives. There must be clear objectives in the mitigation measure used. Capturing a whole group of wild

swine would be more effective than only hunting/trapping a few of them, as the wild swine that were not successfully

captured could scatter.!19
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I1. Wild Swine Ecology and Behavior. It is important to consider wild swine ecology and behavior when choosing
which mitigation measure to use. Location (e.g., dense forests or open range), seasonality (e.g., winter or spring), and
wild swine population can all play an important part in how successful a mitigation measure can be.!64

IT1. Layering of mitigation measures. All the population reduction strategies presented should not be considered
exclusive measures and could be used in conjunction with one another to make their use more effective. An example of

this in the literature was the use of artificial feeding to get wild swine to concentrate in a smaller area before trapping. 64

4.3.2 Fencing

4.3.2.1 To restrict movement of wild swine
In South Korea, fences were installed at the boundaries between ASF outbreak areas and wild boar buffer zones.!62 In the
Czech Republic, fences were used to physically isolate the infected zone to decrease the further spread of ASF.117 Although
there are numerous accounts for the use of fencing to restrict the movement of wild boar, it may not be useful in all situations.
Information on the spatial distribution of wild boar populations is necessary to identify the locations wherein fencing can be
effective.!6* Fencing was used a control measure in South Korea to limit the spread of ASFV in wild boar.165 A three-layer
fencing system was used. The first layer was an electrical fence 1-2 kilometer (km) away from a confirmed wild boar carcass.!%°
The second was “semi-rigid 1.5 meter high wire mesh” about 5-10km away from the electrical fence. The third was a 250km
long fence, about 20-30km away from the second fence.!65

The FAO recommendations regarding permanent boar-proof fencing are to use fences made of woven wire mesh at a
minimum of 1.5-1.8 meters high, fixed to the ground, and with barbed wire on the sides and along the top.!!9 To mitigate local
spread and implement more focused control of ASFV spread, temporary fencing, such as that used in the Czech Republic and
Belgium!19, is an option. The FAO also noted that electric fencing alone is not sufficient to completely block animal movements
but could be used as a deterrent, especially to protect smaller areas of land. Other examples of deterrents that have been used
include chemical, visual, and acoustic methods, all of which may have non-target effects, especially when used over a long term

and for large areas.!19

Pathway(s) Mitigated: 3.1.1 Feral Swine

4.3.2.2 To exclude feral swine from domestic pig farms (Appendix C)
The EU Commission requires that animals should be “kept in a way that ensures that no direct nor indirect contact

occurs with wild boar or feral pigs”.170 Wild boar- and feral swine-proof fences have been described, and have been in used for
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hunting preserves (to keep wild boar in) and also in agricultural or ecological environments (to keep wild swine out).!6¢ Therefore
in the US, these wild boar-proof fences, either single or double, might also be used on domestic pig farms to keep feral swine
from entering the premises or pasture by preventing direct contact between feral swine and domestic pigs!70.

The EU commission prescribes that any perimeter fence should “delimitate the commercial holding” and that for
outdoor farms fences be “preferably doubled, at least 1m apart, and proofed against wild boar and pigs. Fences should be at
least 2m high of which 50cm should be under the ground”.!70 In the ASFV control area of South Africa in 2008, the only pig
farms allowed were those that used double-fence barriers and other biosecurity measures to prevent contact between domestic
pigs and the wild swine.!63 The Veterinary Services of South Africa required domestic pigs be kept in secure, pig-proof pens,
with cement flooring.!7! These pens had to be surrounded by pig-proof fencing that was at least 1.3 meters high and anchored
into the ground with concrete.!”! In South Korea, pig farms are required to have double fences.!%5 In Sardinia, regulations state
that farms “should have perimeter barriers of at least 1.5m high and wild boar proofed and fenced fields have a maximum
extension of 3 hectares?”.170

Pathway(s) Mitigated: 3.1.1 Feral Swine; 3.2 Mortality and cull management

4.3.3 Confinement of Domestic Pigs

Bellini et. al (2016) recommended that domestic pigs in backyard holdings be confined in stables to minimize the risk of
ASFV spread.155 In 2015, the EU Commission banned outdoor keeping of pigs.170

In certain countries where ASFV is considered epidemic, in an attempt to decrease further spread of the disease, the
establishment of backyard herds has been prohibited, although such discriminatory practices should be carefully evaluated due

to high risk of poor compliance.!%

4.3.4 Hunting Practices

In the EU, hunters play an important part in helping contain and further prevent the spread of ASFV. Recreational
hunters in the US could also play an important part in the mitigation of ASFV transmission from feral swine to domestic pigs;
however, as in the EU, the hunting must be properly designed and overseen. Given this caveat, if hunting is ineffective,
unguided, or poorly regulated, hunters may increase the risk of ASFV spread when they contact infected wild swine, their
carcasses, and environment. Therefore, the following are mitigation strategies specific to hunters that would make hunters an

asset rather than a liability.

2 hectare. Defined as a metric unit of square measure, equal to 2.471 acres or 10,000 square meters.
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4.3.4.1 Education
A few biosecurity recommendations specific to hunting practices have been proposed by Bellini et al. (2016) and include:
e “Hunters shall be authorized to hunt in the area only after a specific training on basic hygiene and biosecurity
practices.” 155
e  “Hunting suits, including boots/shoes should be kept in specific bags. Boots are worn in the dressing room before
hunting and re-placed in the same bag after hunting.”1%5
In a survey in Serbia, Montenegro, and Kosovo, hunters reported “regularly disinfect[ing] their hands, clothing, footwear
and equipment after the manipulation or handling of offal or dead animals (72% in Kosovo, 83% in Montenegro and 89% in
Serbia)”.127

Pathway(s) Mitigated: 3.1.1 Feral Swine; 3.2 Mortality and Cull Managemeni; 3.8.2 Equipment; 3.9 People

4.3.4.2 Dressing facilities
Special, dedicated carcass dressing facilities for hunting have been proposed to be available for hunters, to assist with
biocontainment of potentially contaminated wild boar carcasses following hunting. A few biosecurity recommendations specific
to dressing facilities by the EU Commission!’2 and further addressed by Bellini et al. (2016) and include:
e “Transport of hunted animals to the dressing facility is carried out using dedicated vehicles. Private cars shall be parked
outside the hunting house, possibly on the main road.”!5
e “The use of the dressing facilities should be authorized only in case its available: tap water, electricity, waste water
collection and freezers.”1%5
e “Animal dressing should be performed using appropriate aprons which must remain in the facility. Working tools
cannot be transported to other places.”!%
e  “Boots and apron shall be cleaned and disinfected after each use.”1%
e  “Dressing rooms are to be equipped with effected disinfectants.”155
e  “Offals should be stored in proper containers inside the dressing areas and before storing, containers shall be cleaned
and sprayed with effective disinfectants.”155
e “Ground pits for offal disposal should be at least 1.5 meters deep, fenced and closed with a locked closure. Pits should
be located in close proximity to the dressing room.”!55
In a study of hunting environments in the Balkan countries, only in Serbia (not in either Montenegro or Kosovo) is

disinfection widely used to clean and disinfect these facilities.!27
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Pathway(s) Mitigated: 3.1.1 Feral Swine; 3.2 Moriality and Cull Management; 3.8.1 Vehicles; 3.8.2 Equipment; 3.9 People

4.3.4.3 Quarantine Testing (of hunted wild swine)

These dedicated dressing facilities could have a holding facility where the freshly hunted wild boar carcasses are
quarantined while awaiting the results from ASFV testing.!5 A few biosecurity recommendations specific to quarantine and
carcass testing from the EU Commission!72 that has been laid out by Bellini et al. (2016) and include:

e  “Hunted wild boar should never leave the hunting area unless checked and tested and the carcasses released only when

resulted negative to ASFV.”155

e  “Wild boar carcasses shall be individually identified before storing. In case of ASFV positive outcome all stored

carcasses have to be disposed under veterinary supervision and the whole dressing room cleaned and disinfected.”1%

Pathway(s) Mitigated: 3.2 Mortality and Cull Management

4.3.5 Cleaning & Disinfection
In a study evaluating the stability of ASFV in different soil matrices, the use of citric acid or calcium hydroxide resulted
in complete inactivation of the virus after 1 hour of treatment, although the authors noted that the depth of carcass fluid

drainage might affect the efficacy of treatment.!04

Pathway(s) Mitigated: 3.1.1 Feral Swine; 3.2 Mortality and Cull Management

4.3.6 Reporting, Testing, and Removal of Wild Swine Carcasses

The European Union (EU) Commission has recommended procedures for the control of ASFV. One of those
recommendation is the reporting of all dead boars and the testing of wild boars hunted/killed in ASF control zones.!%2 In South
Korea, all hunted wild boars were tested for the presence of ASFV162 in addition to the active search for carcasses. In the Czech
Republic, boars found dead were collected and rendered “under strict biosecurity measures”. 117

Pathway(s) Mitigated: 3.2 Mortality and Cull Management

4.3.7 Domestic Animals

A minimum biosecurity requirement of the EU commission is that all farm buildings should “be built in such a way that
no...other animals (e.g. dogs and cats) can enter the stable”. The US also has regulations for dogs and cats that are imported
from ASFV positive countries in that the dogs and cats must be bathed at the US post-entry point(s) within two days of
arrival.173

Pathway(s) Mitigated: 3.3 Domestic Animals
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4.3.8 Insects and Arthropods

Stable flies can be restricted with the use of “sanitation, biological, and chemical controls”. An example is the
elimination of “fly breeding sites in combination with placing insecticide-treated nets”.170

In Spain and Portugal where Ormnithodoros erraticus, a known ASFV vector, is present, it is recommended that pig-housing
facilities used in outdoor production are kept in good repair to help prevent tick harborage and thus ASFV. If the pig-housing
facility 1s no longer in use, the facility should be fenced off to keep domestic swine from entering. If ticks are present, the pig-
housing facility should be destroyed.!70 If in use and in good repair, methylene bromide should be applied to the facilities
and/or the domestic pigs treated with ivermectin. If infected ticks are found, it is recommended to keep a building empty of
swine for six years.170

Pathway(s) Mitigated: 3.4 Insects and Arthropods

4.3.9 Water

Fencing has been used to exclude wild swine from highly sensitive environmental areas, such as mound springs and
freshwater lagoons.169 Virkon S® (active components: sodium chloride and potassium peroxymonosulfate) can be used to
disinfect watering equipment against ASFV.119 The location and depth of surface and ground water should be considered when

disposing of ASFV contaminated wild swine carcasses!!9, to prevent leeching of ASFV into these bodies of water.

Pathway(s) Matigated: 5.5 Walter

4.3.10 Feed and Bedding

In the EU, in regions where there may be a risk of ASFV contamination on locally harvested grasses or grains, there is a
ban on feeding fresh grass or untreated grains to pigs.146
Drying for two hours of dry wheat, barley, rye, triticale, corn and peas inactivates ASFV.146
In the EU, in regions where there may be a risk of ASFV contamination on locally harvested grasses or grains, the use of straw
bedding for pigs is discouraged, unless a treatment for inactivation is used, or the straw has been stored for at least 90 days
before use.!46

Pathway(s) Matigated: 3.6 Feed and Bedding

4.3.11 Vehicles and Equipment

In South Korea, the government started a “ban of vehicle entrance close to pig-raising barns program that prohibits related

vehicles from entering the area of pig houses”.!% These vehicles could be for the transport of feed, pigs, and manure. When this
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was enacted, some farms needed to be reconfigured to make this possible.!165 It is recommended that “cleaning and disinfection
protocols are established and periodically performed on every farm facility, vehicle, and piece of equipment”!70 to mitigate the
transmission of ASFV from these surfaces.

It is recommended that “sharing of equipment between holdings should be discouraged.!70

Pathway(s) Maitigated: 5.8 Vehicles and Equipment

4.3.12 People

In addition to routine biosecurity measures, a mitigation measure recommended by the EU Commission!72 is that
footbaths “should be used at the entrance of every unit where animals are held” 170 and that “organic material should be
removed from footwear prior to disinfecting” 170,

Pathway(s) Mitioated: 3.9 People

4.3.13 Biological Materials

The EU commission minimum biosecurity requirements for breeding farms are that semen, ova, or embryos should
come from free-ASFV certified farms.!70

Pathway(s) Manigated: 3.10 Buological Materials

4.4 Other Mitigation Measures

There were no specific mitigation measures specifically found in the literature for the transmission of ASFV from wild swine to
domestic pigs by wild animals other than wild swine, peri-domestic animals, or acrosols. General mitigation strategies applicable

for these pathways, but non-specifically for wild swine, include the following.

4.4.1 Other Wild Animals and Peri-domestic Animals

The US currently has recommended industry biosecurity practices in swine operations regarding wildlife include
pest/rodent-control plans and exclusion of birds and other wildlife species by bird proof walls and fencing.*6 EFSA recommends

the prompt removal of animal feed or any other elements that might attract certain types of birds.!24

4.4.2 Aerosols

In Spain, in an effort to decrease the spread of infectious disease in pigs, a minimum distance of 1-2km (dependent on
pig production type) between pig farms is required by royal decree.!7* Planting trees around premises is another suggested

biosecurity measure in the livestock industry, for poultry farms in particular, as greenery may act as a vegetative environmental
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buffer (VEB), or natural filter of airborne particles going into and out of a farm.!75.176 There is evidence for U.S. sow farms of a

protective effect from disease on premises located in an area of shrubs and trees.!77

4.5 Conclusion

This section has provided mitigation measures that have been proposed or are currently in action in the US or
internationally. The mitigation measures presented are designed to either decrease or eliminate the likelihood of indirect or
direct transmission of ASFV from wild swine to domestic pigs. There are many considerations that should be made when

deciding which mitigations are more appropriate to be implemented, which will be discussed in the next section (Section 5).

5. Final Considerations and Conclusion
The purpose of this literature review is to identify the pathways by which feral swine might transmit ASFV to domestic

pigs in the US. Using literature from current or previously ASFV infected countries, mitigations that have been used to address
these pathways are also described. A risk estimation is not included since this requires gathering additional information on US
practices, climate, pig density, etc. A risk assessment, if completed, would provide a risk estimation, therefore a risk assessment is
a clear next step.

In the literature identified and reviewed, there are many reports from the EFSA in which specific knowledge gaps
related to pathways of ASFV transmission from wild swine to domestic pigs have already been identified, including feed!46 and
insects!24. Additionally, anecdotal reports are included to provide the evidence that water!?9 and peri-domestic animals!2!.122
are pathways for ASFV121,122,129 However, there are no confirmatory studies available regarding water and peri-domestic
animals. Therefore, additional work is needed to provide more definitive evidence of some of the potential pathways of ASFV
transmission from feral swine to domestic pigs to really understand their importance in the US.

As expected, mitigations to prevent wild suid to domestic pig exposure collected from various countries facing different
types of ASFV challenges cover a range of recommendations. The following eight considerations may be used to guide
development of US standards while keeping in mind the situations or settings in which the use of specific interventions might be
implemented.

I. Geography or Topology: While the use of electric fences to deter wild swine may be appropriate for a small area, electric

fencing might be difficult for a larger area or in areas with dense forests.!19
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II. Control versus Eradication: Some countries like the Czech Republic and Belgium were aggressive in their actions to
eradicate ASFV from feral swine, whereas Poland has created zones with the intent to control ASFV in the wild suids in their
country rather than pursue eradication.
ITI. ASFV strain characteristics: Some virus strains are more virulent than others. Strain virulence has an impact on
morbidity and mortality in the wild swine population and subsequently the effectiveness of surveillance in the population.!6% In
other words, highly virulent strains that cause high mortality are easier to detect due to the increased numbers of dead suids
present for testing. In contrast, moderately or mildly virulent strains may go undetected if sublethal and surveillance efforts are
focused only on dead animal testing. In addition, strains that are mildly virulent in wild suids may spread more easily due to the
movement of subclinically infected suids.
IV. Funding: Many countries discussed the high cost of fencing for zoning purposes and the remarkable expense of building
border fences to restrict the movement of wild boars. Economics may limit the use of fences.
V. Regulations or Policy: Some of the mitigation measures in effect in other countries are written in their regulatory or
governmental policy. These policies may require or restrict certain on-farm practices that mitigate the spread of ASFV from
wild swine to domestic pigs. For example, the farming of free-ranging domestic swine is illegal in Sardinia!?9, and South Korea
has a national program prohibiting vehicles from entering areas where pigs are held!%.
VI. Proximity to “risk”: The type of preventative or mitigation measures carried out in a country were primarily dependent
on risk. South Korea began education campaigns in response to the outbreak in neighboring Chinal62. However, other
mitigation measures, such as the program prohibiting vehicles from entering areas where pigs are held!6>, were not enacted until
after ASFV was confirmed in the country itself.
VII. Culture: The use of some mitigations may become contentious, especially when it pertains to the regulations on how pigs
are raised. For example, in Sardinia, the production of free-range pigs is a traditional way of farming in the mountainous
regions!?Y. Although the Sardinian government has made the farming of free-ranging pigs illegal, the removal of these
traditional practices has been difficult because this practice is deeply-rooted in these farmers’ cultural identities.!29
VIII. Protection of animals and trade: Many countries decided to build border fences to keep wild swine moving into their
country from neighboring ASFV positive countries. Denmark is a large exporter of pork and built a fence along the border with
Germany to protect Danish trade status with non-European countries.!78

In conclusion, there are many considerations to make when choosing which mitigation strategy (or strategies) may be
the most effective at reducing the transmission of ASFV from feral swine to domestic pigs in the US. It is important to

understand that feral swine ecology and behavior in North America differs from that of wild boars in Europe and Asia.
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Additionally, the different wild swine and tick species in Africa make the sylvatic transmission cycle a unique exposure pathway
particularly for countries with competent tick vectors, susceptible hosts, and hospitable climates. In the North American
ecosystem, some pathways will be less important and some of the mitigations that work where ASFV currently is located might
not be effective in the US. Additional knowledge gaps exist for the potential pathways of ASFV transmission from wild swine to
domestic pigs in other countries that also need further elucidation. In particular, there is a lack of information regarding
environmental contamination from ASFV shedding.!46

Additionally, some mitigation strategies in Section 4 are currently in place in the US regarding the control of feral swine
population density. Although US pork producers may have little input in the success or failure of feral swine population
reduction efforts, the very existence of federal feral swine control efforts should be considered a protective measure to keep in
place indefinitely. Finally, it is expected that risk of transmission from feral swine to domestic pigs will vary across the regions
and sectors of the US pork industry. Clear and targeted mitigations are needed in the US that are specifically targeted to meet
regional and sector risks and should be considered in future work.
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