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12 African Swine Fever
Vienna R. Brown, Julianna B. Lenoch, 
Courtney F. Bowden

Introduction

At the time of writing this chapter, a global pandemic 
of African swine fever (ASF) is ongoing with the vi
rus having moved from Eastern Europe, Asia, and 
into the Caribbean—leaving swine production in 
devastation along the way. Due to the global spread 
of African swine fever virus (ASFV), the persistence 
of the virus, and the increasing number of endemic 
countries, this disease poses an imminent threat of 
introduction into North America and other countries 
that are currently ASF free.

Throughout the chapter, we reference Eurasian 
wild boar (Sus scrofa) which are charismatic mega
fauna that are native to Europe and Asia. Wild boar 
were introduced into numerous areas in the south
eastern United States and California by early settlers 
and they subsequently augmented and hybridized 
with established feral domestic swine (Sus scrofa) to 
give rise to contemporary populations of feral swine, 
a highly invasive species that are present across much 
of the United States. Feral swine are referred to by 
various terms, including wild hogs, feral pigs, wild 
boar, wild swine, razorbacks, and other regional 
names in North America. African swine fever has 
never been introduced into the United States; as 
such, we do not discuss feral swine in specific within
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the chapter. However, experimental inoculations 
demonstrate that feral swine are acutely susceptible 
to ASFV and given its current rapid global movement 
we anticipate similar patterns of exposure, infection, 
and risk amongst these populations.

History and Global Distribution

In 1909, ASF was first detected following the impor
tation of European domestic swine into Kenya when 
nearly 100% of the animeJs succumbed to a hemor
rhagic disease (Gallardo et al. 2015, Sânchez-Cordôn 
étal. 2018). The disease was also detected in central 
and western Africa but confined to sub-Saharan Africa 
until it was reported in Portugal in 1957. In 1960, 
ASF spread to the Iberian Peninsula and other coun
tries in Europe such as France (1964), Italy (1967, 
1969, and 1983), Malta (1978), Belgium (1985), and 
the Netherlands (1986). Various countries in the

Americas were also affected by ASF during this pe
riod including Cuba (1971,1980), Brazil (1978), the 
Dominican Republic (1978), and Haiti (1979). By 
the 1990s, the disease had been successfully eradi
cated from these countries, with the exception being 
the island of Sardinia off the coast of Italy.

Transcontinental spread of ASF occurred for a 
second time in 2007 with the disease reaching Geor
gia within the Caucasus region and subsequently 
spreading further into eastern Europe (Figure 12.1; 
Revilla et al. 2018, Sanchez-Cordon et al. 2018). 
Specifically, ASF outbreaks were reported in Arme
nia, Russia, Belarus, Ukraine, Estonia, Lithuania, Lat
via, Romania, Moldova, the Czech Republic, and 
Poland (Revilla et al. 2018). In August 2018, ASF was 
reported on a small-scale pig farm in China and has 
since spread throughout the country as well as 
through much of Asia and Southeast Asia includ
ing Mongolia, Korea, Vietnam, Laos, Cambodia,
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Myanmar, the Philippines, Hong Kong, Indonesia, 
Timor-Leste, Papua New Guinea, and India (Ge et al. 
2018, Zhao et al. 2019, Li et al. 2020, Mighell and 
Ward 2021). Hungary, Bulgaria, and Belgium reported 
their first ASF outbreaks in 2018 (Martinez-Aviles 
et al. 2020), and Germany experienced their first out
break in 2020 (Sauter-Louis et al. 2021b). In the Amer- 
icais, Afric2m swine fever was detected in the Domini
can Republic in July 2021 (USDA APHIS 2021a) and 
in Haiti in September 2021 (USDA APHIS 2021b).

Etiology

African swine fever is a hemorrhagic disease caused 
by ASFV, which is a large, linear double-stranded 
DNA virus (Sanchez-Vizcaino et al. 2019). African 
swine fever virus is the only member of the family 
Asfarviridae (Alonso et al. 2018) and the only knovm

DNA arbovirus (Gaudreault et al. 2020). Whole- 
genome sequencing and subtyping has revealed that 
ASF viruses demonstrate considerable variation in 
virulence and significant genomic diversity (de Vil- 
liers et al. 2010). Wild and domestic members of the 
Suidae family (see picture on page 198) are the only 
natural, vertebrate hosts of ASF (Gallardo et al. 
2015, Golnar et al. 2019), and soft ticks of the ge
nus Ornithodoros are natural, arthropod vectors that 
play a significant role in pathogen maintenance and 
transmission.

Epidemiology and Transmission

African swine fever virus transmission dynamics are 
especially complex: there are three epidemiological 
cycles, and a fourth has been proposed, that exist in
dependent of one another (Figure 12.2).
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Sylvatic Cycle

African swine fever virus evolved in eastern and 
southern Africa in the burrows of common warthogs 
(Phacochoerus africanus) with the Omithodoros mou- 
bata soft ticks that inhabit these dwellings (Penrith 
et al. 2019). Warthogs are believed to be the original 
vertebrate host of ASFV, and trrmsmission within the

warthog population occurs exclusively between in
fected ticks and the neonatal warthogs that they feed 
upon (Figure 12.3; Costard et al. 2013). Newly in
fected juvenile wairthogs exhibit viremia for a short 
duration, which can serve to infect naïve ticks amd al
lows pathogen madntenance in the absence of vertical 
and horizonal transmission amongst warthogs. In
fected warthogs are asymptomatic carriers, although

Fig. 12.3. Components of the sylvatic epidemiological cycle of African swine fever virus; (A) a mother and juvenile 
warthog, (B) a warthog burrow, and (C) Omithodoros spp. ticks removed from a warthog burrow. Photograph courtesy 
of Dr. Charles Masembe and the African swine fever research consortium, Makerere University, Kampala, Uganda.
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they often maintain the virus for the duration of their 
lives in infected lymph nodes (Costard et al. 2013).

Similar to warthogs, bushpigs (Potamochoerus lar- 
vatus) exhibit moderate viremia when infected with 
ASFV via the bite of an infected tick but do not de
velop clinical signs (Anderson et al. 1998, Oura et al. 
1998). The contribution of bushpigs to ASFV mainte
nance and transmission is relatively unknown as they 
do not inhabit burrows (Netherton et al. 2019); how
ever, bushpigs are thought to play a minor role in 
ASFV epidemiology as their populations are less dense 
and they appear to have lower infection rates (Jori and 
Bastos 2009). Very little is known about red river hogs 
(Potamochoerus porcus) in relation to the epidemiology 
of ASF; however, ASFV genomic DNA was detected in 
a single free-ranging red river hog in Nigeria (Luther 
et al. 2007). Similarly, reports of ASFV infections have 
been limited for giant forest hogs (Hylochoerus mein- 
ertzhageni), and the contribution of giant forest hogs to 
the sylvatic cycle is believed to be negligible.

Tick-Pig Cycle

The soft tick-pig cycle is characterized by ASFV- 
infected ticks transmitting the pathogen to domes
tic swine (Costard et al. 2013). Competent tick vectors 
of the genus Omithodoros (Table 12.1) become in
fected after feeding on viremic animals and are 
then capable of transmitting the virus during blood 
meals (Costard et al. 2013). In the absence of vire
mic hosts, transstadial, transovarial, and sexual trans
mission has been documented in 0. moubata ticks, 
which contributes to ASFV persistence (Plowright 
et al. 1970, 1974; Rennie et al. 2001). This cycle is 
particularly prevalent in sub-Saharan Africa with Or- 
nithodoros moubata ticks infecting domestic swine; 
however, it also played an important role in the out
break on the Iberian Peninsula with 0. erraticus ticks 
transmitting ASFV to domestic swine (Gaudreault 
et al. 2020). The tick-pig epidemiologic cycle is par
ticularly important in outdoor swine production ar
eas that have endemic disease in soft ticks in nearby 
areas (Sanchez-Vizcaino et al. 2012).

Table 12.1. Tick vectors from the genus Omithodoros 
capable of transmitting African swine fever virus to pigs

Omithodoros species Global distribution

0. coriaceus (0, marocanus) North America
0. erraticus Africa, Asia, Europe
0. moubata complex Africa, Madagascar
0. puertoricensis Caribbean, North America
0. savignyi Africa, Asia
0. turicata North America

Domestic (Pig-Pig) Cycle

Once ASFV is introduced into domestic pig or Eur
asian wild boar populations, virus can be efficiently 
transmitted between swine hosts and does not re
quire a vector (Costard et al. 2013, Dixon et al. 
2020, Blome et al. 2021). ASFV spreads systemically 
within infected swine, and all secretions and excre
tions contain virus (Guinat et al. 2016). Direct and 
indirect contact as well as the consumption of con
taminated meat products (e.g., swill feeding prac
tices), allow for the ready transmission of ASFV 
between pigs (Costard et al. 2013). As an example, 
interactions between free-ranging domestic swine 
and wild boar are believed to have contributed to 
ASFV endemicity in some parts of Europe (Cadenas- 
Fernandez et al. 2019).

Wild Boar-Habitat

The wild boar-habitat cycle consists of direct trans
mission through contact with infected wild boar as 
well as indirect transmission from dead conspecifics 
or contaminated environments (e.g., soil, drinking 
water, crops, or feed; Chenais et al. 2018, O’Neill 
et al. 2020, Sauter-Louis et al. 2021a, Viltrop et al. 
2021). Direct transmission may occur within or be
tween herds of wild boar (i.e., sounders; O’Neill et al. 
2020) and is particularly troublesome in areas with 
high wild boar density (Guberti et al. 2019). Reports 
of wild boar scavenging on carcasses are common 
(Cukor et al. 2019, Probst et al. 2020); in wild boar 
populations in Europe, carcass-based transmission is
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the primary route of infection (EFSA 2014, Cukor 
etal. 2019, Fischer et al. 2020). Carcass-based trans
mission is estimated to account for 53-66% of 
transmission events in the ASF outbreak that took 
place in eastern Poland in 2014 and 2015 (Pepin 
et al. 2020). Failure to remove carcasses from the 
landscape provides ample opportunity for ASFV 
transmission via direct interactions between live and 
dead conspecifics. Additionally, ASFV is highly sta
ble in a proteinaceous environment, and as such, indi
rect transmission can occur through environmental 
contamination during carcass decomposition 
(Dixon et al. 2020; O’Neill et al. 2020).

Clinical Signs and Cross Lesions

With highly virulent strains of ASFV, death occurs 
very quickly in nearly 100% of affected domestic

swine or wild boar (OIF 2019). Clinical disease asso
ciated with peracute and acute cases typically mani
fests as fever, increased pulse and respiratory rate, 
reddening of the skin (especially of the extremities; 
Figure 12.4), cmorexici, vomiting, cmd dicirrhea (some
times bloody). Moderate- and low-virulence strains of 
ASFV cause weight loss, intermittent fever, and general 
malaise and result in subacute and chronic forms of the 
disease, respectively. In swine that succumb to ASFV, 
gastrohepatic and renal lymph node hemorrhage as 
well ¿is enlarged, friable spleens can often be observed 
(Figure 12.4).

Pathogenesis and Pathology

Infection with ASFV in domestic swine and wild 
boar is associated with severe lymphoid depletion 
and hemorrhages (Salguero 2020). Once the virus

Fig. 12.4. Clinical signs and gross lesions associated with African swine fever virus infection in swine: (A) reddening of 
the skin on the ear; (B) red-purple skin discoloration of the skin on the leg; (Q hemorrhagic gastrohepatic lymph nodes; 
and (D) enlarged, friable spleen. Photograph courtesy of Plum Island Animal Disease Center, Plum Island, New York, USA.
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enters the body, tonsils are the primary site of repli
cation (Heuschele 1967; Greig 1972) before spread
ing to local lymph nodes, disseminating to the 
secondary organs of replication, and ultimately 
spreading systemically via the lymphatic system. The 
lymphoid depletion characterized by ASF results 
from massive destruction of lymphoid organs, tis
sues, and cell types. Experimental infection of do
mestic swine with ASFV has demonstrated that 
tissues abundant in reticuloendothelial cells, in
cluding the lymph nodes, spleen, bone marrow, 
and liver, commonly have the highest virus titers 
and serve as secondary sites of viral replication 
(Heuschele 1967).

The pathogenesis of ASFV is largely mediated 
by the host immune response and the correspond
ing cytokine storm (Zhu et al. 2019). Monocytes and 
macrophages aie the main target for ASFV (Howey 
et al. 2013), and virus replication induces an in
tense upregulation in proinflammatory cytokines 
that ultimately results in significant apoptosis in both 
infected cells and uninfected lymphocytes (Howey 
et al. 2013; Wozni2ikowski et al. 2016). The vasculcu: 
changes are those of a disseminated intravascular co
agulopathy leading to petechial and ecchymotic hem
orrhages in multiple organs, hyperemic splenomeg
aly, and pulmonary edema (Sdguero 2020).

Diagnostics

Given that there is no effective vaccine or treatment, 
early detection of ASFV is paramount in managing 
the disease and limiting outbreak size. Validated di
agnostic tests are classified into two primary types: 
antigen and antibody-based assays (OIE 2019). Poly
merase chain reaction (PGR) is the gold standard 
antigen-based test as it is highly sensitive and spe
cific, allows for high throughput, and generates 
rapid results (Gallardo et al. 2019). Virus isolation 
can be used to detect ASFV and direct immunofluo
rescence and antigen-based enzyme-linked immuno
sorbent assays (ELISA) can detect ASFV antigens 
(Gallardo et al. 2019, OIE 2019).

Whole blood captured in EDTA tubes is the best 
suited sample for ASFV detection (Pikalo et al. 
2021); however, serological assays can be useful for 
low to moderately virulent strains of ASF, when clin
ical signs are not significant enough to trigger an 
ASF investigation (OIE 2019). It is worth noting that 
antibody testing is suboptimal for screening appar
ently healthy animals (Pikalo et al. 2021). A number 
of diagnostic tests are available for detecting ASFV 
antibodies, including ELISAs, indirect fluorescent 
antibody test (IFAT), indirect immunoperoxidase 
test (IPT), and immunoblotting test (IBT; OIE,
2019) . The recommendation for ASF antibody test
ing is screening via ELISA with nonnegatives being 
confirmed with IB, IFAT, or IPT (Beltran-Alcrudo 
et al. 2019).

Treatment and Vaccination

To date, there are no efficacious treatments to reduce 
the severity of the disease. Infected animals will 
either die rather quickly, especially with virulent 
strains of ASFV, or become convalescent (Costard 
et al. 2009). Natural infection with a low to moder
ately virulent strain of ASFV confers a high degree 
of protection against infection with a highly virulent 
homologous strain of ASFV however (Sang et al.
2020) .

The quest to develop a safe, efficacious vaccine for 
ASFV has proven to be extremely challenging, and 
there is not a licensed vaccine available to date (Das 
et al. 2021). This is driven in large part by gaps in 
knowledge related to ASFV entry and replication 
within host cells, virus immune evasion and modu
lation, and the primary antigens responsible for trig
gering immune activity (Arias et al. 2017, Rock 
2017, Sang et al. 2020, Wang et al. 2020). Several 
vaccine platforms have been evaluated and are show
ing varying degrees of promise. For example, inacti
vated ASFV vaccines are often nonprotective as they 
fail to induce a cellular immune response, even when 
administered with adjuvant (Teklue et al. 2019; 
Gavier-Widen et al. 2020). Subunit vaccines, recom-
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binant proteins, and DNA vaccines have demon
strated partial protection against wild-type ASFV 
(Teklue et al. 2019; Gavier-Widén et al. 2020; Sang 
et al. 2020). Several live attenuated vaccines have 
been developed, and this is currently the most prom
ising vaccine candidate (Bosch-Camos et ad. 2020; 
Wu et al. 2020; Muñoz -Pérez et al. 2021), as the host 
responds to the vaccine as if it were naturally en
countering ASFV (Sang et al. 2020).

In live attenuated vaccines, the virus can be modi
fied naturally, through multiple passages in a labora
tory setting, or by intentional alterations (Liu et al. 
2021). The genes deleted in live attenuated vaccines 
are typically associated with a reduction in virulence, 
a decrease in viral replication rate and dissemination, 
and a dampening of the proinflammatory immune re
sponse (Sang et al. 2020). One live attenuated vaccine 
strain, developed by the United States Department of 
Agriculture, has been shown to provide protection 
against homologous virulent strains of ASFV in pigs 
with varying backgrounds (Tran et al. 2022), although 
testing is still ongoing. The significant limitation with 
live attenuated vaccines is that unpredictable, strain- 
specific virus phenotypes are created following gene
tic alteration of ASFV (Turlewicz-Podbielska et al. 
2021). Some animals can develop clinical disease 
following vaccination, or vaccinated animals can con
tribute to virus transmission via shedding patterns 
(Bosch-Camos et al. 2020, Gavier-Widén et al. 2020). 
In addition to safety concerns in vaccinated animals, 
developing these vaccines is chadlenging due to the 
need for high-level biocontainment facilities for pro
duction, stable and suitable cell lines, and cell culture 
optimization (Sang et al. 2020). However, efficacious, 
attenuated live vaccine strains have been cultivated 
and can be produced (Borca et al. 2021a).

An important consideration for vaccine develop
ment is the ability to differentiate between infected 
and vaccinated animals (DIVA). DIVA-compatible 
vaccines are typically generated by the inclusion of 
a marker within the vaccine that can induce an im
mune response in the host that is distinct from that 
of a natural infection with a wild-type pathogen

(Hardham et al. 2020). This differentiation is para
mount for understanding pathogen epidemiology on 
the landscape, for informing management practices 
and policies, and for demonstrating disease elimina
tion following an outbreak.

Developing vaccines for wild pigs presents signif
icant ecological, logistical, and moral considerations 
that make it challenging to reach desired vaccine efifi- 
cacy and herd-level immunity (Maki et al. 2017, 
Barnett and Civitello 2020, Edwards et al. 2021). 
Vaccines for wild pigs are especially challenging in 
that they probably need to be delivered orally neces
sitating that they are both attractive and palatable to 
the swine species of interest (Balseiro et al. 2020). 
Additionally, a sufficient quantity of immunogen 
must be present and available at the induction site to 
stimulate a protective response requiring a biocom
patible encapsulation process (Cross et al. 2007). A 
DIVA-compatible, oral vaccine for classical swine fe
ver (CSF) was successfully engineered and delivered 
to wild botu: in Europe (Blome et al. 2011; Rossi et al. 
2015), and this achievement could be used as a foun
dation for the successful implementation of an oral 
ASF vaccine in wild boctr (Teklue et td. 2019).

Given the nature of the global ASFV pandemic, 
vaccine development for wild boar has been an inter
national research priority, and studies may indicate 
that oral vaccination is plausible. An experimental 
ASF vaccine that was originally developed using do
mestic swine and delivered via intramuscular injec
tion (Tran et al. 2022; Borca et al. 2020, 2021a) was 
found to confer high levels of protection against chal
lenges with a virulent strain of ASFV when the vac
cine Wcis administered via the oronasal route (Borca 
et al. 2021b). Additionally, vaccination of wild boar 
with an attenuated strain of ASFV from Latvia was 
found to be protective against a virulent strain of 
ASFV (Barasona et al. 2019), and studying shedding 
patterns of this vaccination strain demonstrated it to 
be safe for wild boar and contact animals (Kosowska 
et al. 2020). Further work is necessary to ensure 
safety and efficacy for use in free-roaming wild 
boar.
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ASFV Introduction Routes Into 
Disease-free Countries

Given the lack of a vaccine or treatment for ASF and 
the devastating consequence of the disease for pork 
production, preventing viral spread into previously

unaffected geographical areas is paramount. Intro
duction pathways vary by country; however, the pri
mary routes identified for ASFV include legal and 
illegal importation of live swine, swine products, and 
swine byproducts for commercial use or personal 
consumption (Figure 12.5; Brown and Bevins 2018,
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Jurado et al. 2019). Another introduction pathway 
that must be considered is food waste from airlines, 
trains, or ships that originated in ASF-infected re
gions. Human food waste may be discarded in land
fills that can be accessed by wild boar, improperly 
disposed of through meat composting or littering, or 
illegally sold for swill (Figure 12.5; Vergne et al. 2017, 
Beltran-Alcrudo et al. 2019, Taylor et al. 2020).

Legal importation of live swine poses a risk for 
ASFV introduction as the virus can go undetected 
during the incubation period, in which there is an 
absence of clinical disease (Vergne et al. 2017; Beltran- 
Alcrudo et al. 2019; Gao et al. 2020; Taylor et al.
2020) . This latent stage following infection is prob
lematic for countries that are historically ASF free 
and do not have any trade barriers in place for live 
animals or their products. As an example, classical 
swine fever (CSF) spread to Italy and Spain from the 
Netherlands in 1997 when infected piglets were 
shipped prior to a transportation moratorium 
(Beltran-Alcrudo et al. 2019). In ASF-endemic coun
tries, swine, their products, and their byproducts 
are often banned for trade and importation; however, 
at a local level, “emergency sales” of swine can oc
cur during ASF outbreaks to minimize economic im
pacts. If ASF is undetected in the herd, then these 
sales are silently contributing to the spread of ASFV 
into the production system (Costard et ad. 2015).

The illegal movement of swine and their products 
presents a greater risk of ASFV entry than legal ac
tivities (Beltran-Alcrudo et al. 2019; Fanelli et al.
2021) . Unregulated movement of live swine within 
or between countries for personal or commercial use 
creates opportunities for direct transmission via in
fected animals or swill as well as indirect transmis
sion via fomites. Due to the difficulty of smuggling 
live animals, this introduction pathway presents a 
lower risk of ASFV transmission than illegal move
ment of products or byproducts (Beltran-Alcrudo 
et al. 2019). Although most countries have sys
tems in place to confiscate and destroy illegally 
imported animal products, numerous transboundary 
animal disease outbreaks have been attributed to il

legal imports (Costard et al. 2013). Quantifying the 
magnitude of illegal imports is difficult and reliant 
on extrapolation from products that have been de
tected and confiscated, and data are widely variable. 
Between 2012 and 2016, approximately 68,000 
domestic swine products and specimens were con
fiscated from travelers entering the United States, 
and many confiscated products originated from 
countries known to have ASF (Brown and Bevins 
2018). Similarly, in August of 2018 custom officials 
in South Korea identified 4,064 illegal pork prod
ucts originating from China, and 4 of the 52 submit
ted for ASFV testing were positive (Kim et al. 2019).

Management Practices

Current management strategies for new ASFV in
troductions include quarantining infected swine, 
increased biosecurity practices, epidemiological in
vestigations, restricted swine movement, disposal 
of infected and exposed swine, and multiple forms 
of surveillance (i.e., passive, active, and targeted; 
Sanchez-Cordon et al. 2018; Danzetta et al. 2020). 
Given that ASFV is highly stable and easily spread, 
biosecurity is critical for preventing exposure via 
fomites or a contaminated environment (Nurmoja 
et ed. 2020). Biosecurity, defined as practices to pre
vent pathogens both coming onto a farm or commer
cial property or spreading within the premises, is 
critical. (Mutua and Dione 2021). Producers should 
minimize the introduction of animals from outside 
sources, and a quarantine period should be imple
mented if outsourcing. Access to production areas 
should be limited for people, birds, and other small 
mammals, site-specific equipment and supplies need 
to be maintained, and materials entering and exiting 
the property need to be thoroughly clemed and dis
infected (Mutua and Dione 2021). Proper disinfec
tion, which includes both mechanical cleaning and 
the application of an effective disinfectant, is neces
sary (Juszkiewicz et al. 2019). Swill feeding is widely 
considered to be a risky practice (EFSA 2014), and 
the majority of outbreaiks in ASFV-free zones have
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occurred as a result of feeding food waste products 
from infected pigs to susceptible hosts (Bellini et cJ. 

2016). Although strongly discouraged, swill should 
be heated to a minimum of 70°C if it is to be fed to 
swine.

Human-mediated activities are important drivers 
for the spread of ASFV, and baiting and hunting wild 
boar present challenges in managing the disease (Gu- 
berti et al. 2019). Supplemental feeding increases 
the carrying capacity of wild boar on the landscape, 
amplifies the opportunities for direct and indirect 
contact between animals, and changes movement 
patterns—all of which contribute to the mainte
nance and persistence of ASFV in wild boar. Regula
tions for hunters aimed at minimizing the risk of 
ASFV spread include safe storage of the carcass until 
laboratory results are completed, a prohibition of 
leaving offal piles in the forest, and washing and dis
infecting vehicles, boot, knives, and other equipment 
used during hunting that has been in contact with 
blood or tissues of excreta (Bellini et al. 2016; Gu- 
berti et al. 2019).

Controlling ASFV has proven especially challeng
ing once it is introduced into wild boar populations, 
and eradication is nearly impossible, although it has 
been accomplished on a couple of occasions. Early 
detection, a prompt and coordinated approach to 
prohibit movement of infected wild boar, and re
stricted public access have been demonstrated to be 
effective in stopping the spread of ASFV. Identifying 
and disposing of carcasses on the landscape, the use 
of strategic fencing, and culling operations to reduce 
densities can also help slow or halt the spread of 
ASFV (Danzetta et al. 2020; Gavier-Widén et al. 
2020).

In addition to field activities to manage an ASFV 
outbreak, disease-dynamic models can be helpful to 
guide ASFV preparedness efforts or response and 
management activities (Miller and Pepin 2019). 
Given ASFV’s multiple routes of transmission and 
stability, transboundary management is extremely 
challenging. Extensive collaboration and cooperation 
between governments and industry are paramount

(Shi et al. 2021), and science-based policies and ap
proaches must engage stakeholders across many dis
ciplines (Tucker et al. 2021).

Human Dimensions of ASF

The financial, social, and political implications of 
ASF are potentially tremendous and can simulta
neously impact multiple economic sectors. A system
atic literature review on the country-level economic 
impact of ASFV outbreaks found the range from 
$649,000 (USD 2019) for annual production loss 
in Nigeria to $94,539,870,064 for the total eco
nomic impact of an outbreak in Spain (Brown et al. 
2020). This meta-analysis also found that there is a 
paucity of data that allows estimation of costs and 
losses from ASF on national or global scales.

In addition to the short-term direct macroeco
nomic impacts related to outbreak management, 
production losses and exclusion from international 
export markets are secondary impacts for associated 
products. For example, with an ASF outbreak caus
ing greatly reduced pork production, the demand for 
animal feed would likely decrease drastically in the 
United States, causing decreased prices and revenue 
in the feed market (Stancu 2018). The magnitude of 
a foreign animal disease introduction event ripples 
through the economy with direct and indirect costs 
that have short- and long-term impacts.

A significant reduction in live hog prices can be 
expected in countries where ASF is reported, as the 
market clears out surplus pork that would otherwise 
be exported (Carriquiry et al. 2020), as well as in
creases to pork products with demand exceeding 
supply in other markets and regions (Mason-D’Croz 
et al. 2020). Both scenarios are likely to drive-up 
costs for alternative sources of animal-based protein, 
including beef and poultry, impacting the most vul
nerable communities globally, and negatively 
impacting food and financicd security (Abworo etal. 
2017; Plavsic et al. 2019; Matsumoto et al. 2021; 
Paulino-Ramirez et al. 2021). Pork supply-demand 
patterns are believed to have played a significant role



AFRICAN SWINE FEVER 209

in ASFV dissemination within China (Yang et al.
2021).

When ASF outbreaks occur, pig trader networks 
rush to sell their pigs to ensure that their animds do 
not succumb to infection (Lichoti et al. 2017; Pen
rith et al. 2019). This has social implications and 
been linked to rapid viral dissemination. As an inter
esting aside and a compelling tale on the intercon
nectedness of human and anim2J health, it has been 
postulated that the ASFV outbreak in China reached 
its worst impacts around December 2019, near the 
time when SARS-CoV-2 emerged (Xia et al. 2021). 
The authors suggest that the dramatic pork shortage 
led to an increase in the risk of transmission of a zoo
notic disease as human-wildlife interactions were 
more frequent.

Summary

African swine fever outbreaks in ASF-free countries 
have become commonplace in the last several years, 
and the global ASF pandemic is an example of the tre
mendous implications of diseases shaured by livestock 
and wildlife. In addition to morbidity and mortality 
events, production losses, and barriers to interna
tional trade, an outbreak of ASF has political ram
ifications. Measures to reduce the risk of ASFV 
introduction in ASF-free countries should be of 
the utmost priority as control and eradication is 
time consuming, costly, and often out of reach.

LITERATURE CITED
Abworo, E. O., C. Onzere, J. O. Amimo, V. Riitho, W. Mwangi, 

J. Davies, S. Blome, and R. P. Bishop. 2017. Detection of 
African swine fever virus in the tissues of asymptom
atic pigs in smallholder farming systems along the 
Kenya-Uganda border; implications for transmission in 
endemic areas and ASF surveillance in East Africa. 
Journal of General Virology 98:1806-1814.

Alonso, C., M. Borca, L. Dixon, Y. Revilla, F. Rodriquez,
J. M. Escribano, and ICTV Report Consortium. 2018. 
ICTV virus taxonomy profile: Asfarviridae. Journtd of 
General Virology 99:613-614.

Anderson, E. C., G. H. Hutchings, N. Mukarati, and
P J. Wilkinson. 1998. African swine fever virus infection

of the bushpig (Potamochoerus porcus) and its signifi
cance in the epidemiology of the disease. Veterinary 
Microbiology. 62:1-15.

Arias, M., A. de la Torre, L. Dixon, C. Gallardo, F. Jori,
A. Laddomada, C. Martins, R. M. Parkhouse, Y. Revilla,
F. Rodriguez, and J. M. Sánchez-Vizcaíno. 2017. 
Approaches and perspectives for development of African 
swine fever virus vaccines. Vaccines 5:35.

Balseiro, A., J. Thomas, C. Gortázar, and M. A. Risalde.
2020. Development and challenges in animal tuberculo
sis vaccination. Pathogens 9:472.

Barasona J. A., C. Gallardo, E. Cadenas-Fernández, C. Jurado,
B. Rivera, A. Rodriguez-Bertos, M. L. Arias, and
J. M. Sánchez-Vizcaíno. 2019. First oral vaccination of 
Eurasian wild boar against African swine fever virus 
genotype II. Frontiers in Veterinary Science 6:137.

Barnett, K. M., and D. J. Civitello. 2020. Ecological and 
evolutionary challenges for wildlife vaccination. Trends 
in Parasitology 36:970-978.

Bellini, S., D. Rutili, and V. Guberti. 2016. Preventive
measures aimed at minimizing the risk of African swine 
fever virus spread in pig farming systems. Acta 
Veterinaria Scandinavica 58:82.

Beltran-Alcrudo, D., J. R. Falco, E. Raizman, and K. Dietze. 
2019. Transboundary spread of pig diseases: The role of 
international trade and travel. BMC Veterinary Research 
15:64.

Blome, S., C. Gabriel, C. Staubach, I. Leifer, G. Strebelow, 
and M. Beer. 2011. Genetic differentiation of infected 
from vaccinated animals after implementation of an 
emergency vaccination strategy against classical swine 
fever in wild boar. Veterinary Microbiology 153:373-376.

Blome, S., K. Franzke, and M. Beer. 2021. African swine 
fever—A review of current knowledge. Virus Research 
287:198099.

Borca, M. V., A. Rai, E. Ramirez-Medina, E. Silva,
L. Valazquez-Salinas, E. Vuono, S. Pruitt, N. Espinoza, 
and D. P. Gladue. 2021a. A cell culture-adapted vaccine 
virus against the current African swine fever virus 
pandemic strain. Journal of Virology 95: e0012321.

Borca, M. V., E. Ramirez-Medina, E. Silva, E. Vuono, A. Rai, 
S. Pruitt, N. Espinoza, L. Velazquez-Salinas, C. G. Gay, 
and D. P. Gladue. 2021b. ASFV-G-AI177L as an effective 
oral nasal vaccine against the Eurasia strain of African 
swine fever. Viruses 13:765.

Borca, M. V, E. Ramirez-Medina, E. Silva, E. Vuono, A. Rai, 
S. Pruitt, L. G. Holinka, L. Velazquez-Salinas, J. Zhu, and 
D. P. Gladue. 2020. Development of a highly effective 
African swine fever virus vaccine by deletion of the 
I177L gene results in sterile immunity against the 
current epidemic Eurasia strain. Journal of Virology 
94:e02017-e02019.



210 WILDLIFE DISEASE AND HEALTH IN WILD UNGULATES

Bosch-Camós, L., E. López, and F. Rodriguez. 2020. African 
swine fever vaccines: a promising work still in progress. 
Porcine Health Management 6:17.

Brown, V.R., and S. N. Bevins. 2018. A review of African 
swine fever and the potential for introduction into 
the United States and the possibility of subsequent 
establishment in feral swine and native ticks. Frontiers 
in Veterinary Science 5:11.

Brown, V.R., R. S. Miller, S. C. McKee, K. H. Ernst,
N. M. Didero, R. M. Maison, M. J. Grady, and S. A. Shwiff. 
2020. Risks of introduction and economic consequences 
associated with African swine fever, classical swine fever, 
and foot-and-mouth disease: a review of the literature. 
Transboundary and Emerging Diseases 68:1910-1965.

Cadenas-Fernández, E., J. M. Sánchez-Vizcaíno, A. Pintore, 
D. Denurra, M. Cherchi, C. Jurado, J. Vicente, and 
J. A. Barasona. 2019. Free-ranging pig and wild boar 
interactions in an endemic area of African swine fever. 
Frontiers in Veterinary Science 6:376.

Carriquiry, M., A. Elobeid, D. Swenson, and D. Hayes. 2020. 
Impacts of African swine fever in Iowa and the United 
States. Iowa State University, Center for Agricultural 
and Rural Development Working Papers 618, Ames, 
USA. https://lib.dr.iastate.edu/card_workingpapers/618. 
Accessed 4 Oct 2022.

Chenais, E., K. Stahl, V. Guberti, and K. Depner. 2018. 
Identification of wild boar-habitat epidemiologic cycle 
in African swine fever epizootic. Emerging Infectious 
Diseases 24:810-812.

Costard, S., L. Mur, J. Lubroth, J. M. Sanchez-Vizcaino, and 
D. U. Pfeiffer. 2013. Epidemiology of African swine fever 
virus. Virus Research 173:191-197.

Costard, S., B. Wieland, W. de Glanville, F. Jori, R. Rowlands, 
W. Vosloo, F. Roger, D. U. Pfeiffer, and L. K. Dixon.
2009. African swine fever: How can global spread be 
prevented? Philosophical Transactions of the Royal 
Society B Biological Sciences 364:2683-2696.

Costard, S., F. J. Zagmutt, T. Porphyre, and D. U. Pfeiffer. 
2015. Small-scale pig farmers’ behavior, silent release of 
African swine fever virus and consequences for disease 
spread. Scientific Reports 5:17074.

Cross, M. L., B. M. Buddie, and F. E. Aldwell. 2007. The 
potential of oral vaccines for disease control in wildlife 
species. Veterinary Journal 174:472-480.

Cukor, J., R. Linda, P. Vaclavek, K. Mahlerova, P. Stran, 
and F. Havranek. 2019. Confirmed cannibalism in wild 
boar and its possible role in African swine fever 
transmission. Transboundary and Emerging Diseases 
67:1068-1073.

Danzetta, M. L., M. L. Marenzoni, S. lannetti, P. Tizzani, 
P. Calistri, and F. Feliziani. 2020. African swine fever: 
lessons to learn from past eradication experiences.

A systematic review. Frontiers in Veterinary Science 
7:296.

Das, S., P. Deka, P. Deka, K. Kalita, T. Ansturi, R. Hazarika, 
and N. N. Barman. 2021. African swine fever: etiology, 
epidemiology, control strategies and progress toward 
vaccine development: a comprehensive review. Journal 
of Entomology and Zoology Studies 9:919-929.

de Villiers, E. P., C. Gallardo, M. Arias, M. de Silva,
C. Upton, R. Martin, and R. P. Bishop. 2010. Phylogene
tic analysis of 11 complete African swine fever virus 
genome sequences. Virology 400:128-136.

Dixon, L. K., K. Stahl, F. Jori, L. Vial, and D. U. Pfeiffer. 
2020. African swine fever epidemiology and control. 
Annual Review of Animal Biosciences 8:221-246.

Dixon, L. K., H. Sun, and H. Roberts. 2019. African swine 
fever. Antiviral Research 165:34-41.

Edwards, S. J. L., H. J. Chatterjee, and J. M. Santini. 2021. 
Anthroponosis and risk management: a time for ethical 
vaccination of wildlife? Lancet Microbe 2:e230-e23L

European Food Safety Authority (EFSA), 2014. Scientific 
opinion on African swine fever. EFSA Journal 12:3628.

Fanelli, A., O. Muñoz, L. Mantegazza, M. DeNardi, and I. 
Capua. 2021. Is the COVID-19 pandemic impacting on 
the risk of African swine fever virus (ASFV) introduc
tion into the United States? A short-term assessment of 
the risk factors. Transboundary and Emerging Diseases 
69:e505-e516.

Fischer, M., J. Huhr, S. Blome, F. J. Conraths, and C. Probst. 
2020. Stability of African swine fever virus in carcasses 
of domestic pigs and wild boar experimentally infected 
with the ASFV “Estonia 2014” isolate. Viruses 12:1118.

Gallardo, C., A. de la Torre Reoyo, J. Fernández-Pinero,
1. Iglesias, J. Muñoz, and M. L. Arias. 2015. African 
swine fever: a global view of the current challenge. 
Porcine Health Management 1:21.

Gallardo, C., J. Fernández-Pinero, and M. L. Arias. 2019. 
African swine fever (ASF) diagnosis, an essential tool in 
the epidemiological investigation. Virus Research 
271:197676.

Gao, X., T. Liu, Y. Liu, J. Xiao, and H. Wang. 2020.
Transmission of African swine fever in China through 
legal trade of live pigs. Transboundary and Emerging 
Diseases 68:355-360.

Gaudreault, N. N., D. W. Madden, W. C. Wilson, J. D. Trujillo, 
and J. A. Rieht. 2020. African swine fever virus: an 
emerging DNA arbovirus. Frontiers in Veterinary 
Science 7:215.

Gavier-Widén, D., K. Stähl, and L. Dixon. 2020. No 
hasty solutions for African swine fever. Science 
367:622-624.

Ge, S., J. Li, X. Fan, F. Liu, L. Li, Q. Wang, W. Ren, J. Bao, 
C. Liu, U. Wang, et al. 2018. Molecular characterization

https://lib.dr.iastate.edu/card_workingpapers/618


AFRICAN SWINE FEVER 211

of African swine fever virus, China, 2018. Emerging 
Infectious Diseases 24:2131-2133.

Golnar, A. J., E. Martin, J. D. Wormington, R. C. Kading,
P. D. Teel, S. A. Hamer, and G. L. Hamer. 2019. 
Reviewing the potential vectors and hosts of African 
swine fever virus transmission in the United States. 
Vector-Borne and Zoonotic Diseases 19:512-525.

Greig, A. 1972. Pathogenesis of African swine fever in pigs 
naturally exposed to the disease. Journal of Comparative 
Pathology 82:73-79.

Guberti V, S. Khomenko, M. Masiulis, and S. Kerba. 2019. 
African swine fever in wild boar ecology and biosecu
rity. Food and Agriculture Organization of the United 
Nations, Office International des Epizooties, and 
European Commission, FAO Animal Production and 
Health Manual No. 22, Rome, Italy.

Guinat, C., A. Gogin, S. Blome, G. Keil, R. Pollin,
D. U. Pfeiffer, and L. Dixon. 2016. Transmission routes 
of African swine fever virus to domestic pigs: current 
knowledge and future research directions. Veterinary 
Record 178:262-267.

Hardham, J. M., P. BCrug, J. M. Pacheco, J. Thompson,
P. Dominowski, V. Moulin, C. G. Gay, L. L. Rodriguez, 
and E. Rieder. 2020. Novel foot-and-mouth disease 
vaccine platform: formulations for safe and DIVA- 
compatible FMD vaccines with improved potency. 
Frontiers in Veterinary Medicine 7:554305.

Heuschele, W. P. 1967. Studies on the pathogenesis of 
African swine fever. I. Quantitative studies on the 
sequential development of virus in pig tissues. Archiv 
für die gesamte Virusforschung 21:349-356.

Howey, E. B., V. O’Donnell, H. C. de Carvalho Ferreira,
M. V. Borca, and J. Arzt. 2013. Pathogenesis of highly 
virulent African swine fever virus in domestic pigs 
exposed via intraoropharyngeal, intranasopharyngeal, 
and intramuscular inoculation, and by direct contact 
with infected pigs. Virus Research 178:328-339.

Jori, F., and A. D. S. Bastos. 2009. Role of wild suids in the 
epidemiology of African swine fever. Ecohealth 
6:296-310.

Jurado, C., L. Mur, M. S. Pérez Aguirreburualde, E. Cadenas- 
Femández, B. Martínez-López, J. M. Sánchez-Vizcaíno, 
and A. Perez. 2019. Risk of African swine fever virus 
introduction into the United States through smuggling 
of pork in air passenger luggage. Scientific Reports 
9:14423.

Juszkiewicz, M., M. Walczak, and G. Wozniakowski. 2019. 
Characteristics of selected active substances used in 
disinfectants and their virucidal activity against ASFV. 
Journal of Veterinary Research 63:17-25.

Kim, H., M. Lee, S. Lee, D. Kim, S. Seo, H. Kang, and
H. Nam. 2019. African swine fever virus in pork brought

into South Korea by travelers from China, August 2018. 
Emerging Infectious Diseases 25:1231-1233.

Kosowska, A., E. Cadenas-Fernandez, S. Barrosa,
J. M. Sanchez-Vizcaino, and J. A. Barasona. 2020. Distinct 
African swine fever virus shedding in wild boar infected 
with virulent and attenuated isolates. Vaccines 8:767.

Li, Y., M. Salman, C. Shen, H. Yang, Y. Wang, Z. Jiang,
J. Edwards, and B. Huang. 2020. African swine fever in 
a commercial pig farm: outbreak investigation and an 
approach for identifying the source of infection. 
Transboundary and Emerging Diseases 67:2564-2578.

Lichoti, J. K., J. Davies, Y. Maru, P. M. Kitala, S. M. Githigia, 
E. Okoth, S. A. Bukachi, S. Okuthe, and R. P. Bishop. 
2017. Pig traders’ networks on the Kenya-Uganda 
border highlight potential for mitigation of African 
swine fever virus transmission and improved ASF 
disease risk management. Preventive Veterinary 
Medicine 140:87-96.

Liu, L., X. Wang, R. Mao, Y. Zhou, J. Yin, Y. Sun, and X. Yin. 
2021. Research progress on live attenuated vaccine 
against African swine fever virus. Microbial Pathogen
esis 158:105024.

Luther, N. J., K. A. Majiyagbe, D. Shamaki, L. H. Lombin,
J. F. Antiagbong, Y. Bitrus, and O. Owolodun. 2007. 
Detection of African swine fever virus genomic DNA in 
a Nigerian red river hog (Potamochoenis porcus). 

Veterinary Record 160:58-59.
Maki, J., A. L. Guiot, M. Aubert, B. Brochier, F. Clique!,

C. A. Hanlon, R. King, E. H. Oertli, C. E. Rupprecht,
C. Schumacher, et al. 2017. Oral vaccination of wildlife 
using a vaccinia-rabies-glycoprotein recombinant virus 
vaccine (RABORAL V-RB): a global review. Veterinary 
Research 48:57.

Martinez-Aviles, M., 1. Iglesias, and A. de la Torre. 2020. 
Evolution of the ASF infection stage in wild boar within 
the EU (2014-2018). Frontiers in Veterinary Science 
7:155.

Mason-D’Croz, D., J. R. Bogard, M. Herrero, S. Robinson,
T. B. Sulser, K. Wieve, D. Willenbockel, and H. C. J. Godfiray. 
2020. Modelling the global economic consequences of a 
major African swine fever outbreak in China. Nature Food 
1:221-228.

Matsumoto, N., J. Siengsanan-Lamont, T. Halasa, J. R. Young, 
M. P. Ward, B. Douangngeun, W. Theppangna,
S. Khounsy, J. L. M. L. Toribio, R. D. Bush, et al. 2021. 
The impact of African swine fever virus on smallholder 
village pig production: an outbreak investigation in Lao 
PDR. Transboundary and Emerging Diseases 
68:2897-2908.

Mighell, E., and M. P. Ward. 2021. African swine fever 
spread across Asia, 2018-2019. Transboundary and 
Emerging Diseases 68:2722-2732.



212 WILDLIFE DISEASE AND HEALTH IN WILD UNGULATES

Miller, R. S., and K. M. Pepin. 2019. Board invited review; 
prospects for improving management of animal disease 
introductions using disease-dynamic models. Journal of 
Animal Sciences 97:2291-2307.

Muñoz-Perez, C., C. Jurado, and J. M. Sánchez-
Vizcaino. 2021. African swine fever vaccine: turning 
a dream into reidity. Transboundary and Emerging 
Diseases 68:2657-2668.

Mutua, F., and M. Dione. 2021. The context of application 
of biosecurity for control of African swine fever in 
smallholder pig systems: current gaps and recommenda
tions. Frontiers in Veterinary Science 8:689811.

Netherton, C. L., S. Connell, C. T. O. Benfield, and 
L. K. Dixon. 2019. The genetics of life and death: 
virus-host interactions underpinning resistance to 
African swine fever, a viral hemorrhagic disease. 
Frontiers in Genetics 10:402.

Nurmoja, I., K. Motus, M. Kristian, T. Niine, K. Schulz,
K. Depner, and A. Viltrop. 2020. Epidemiological 
analysis of the 2015-2017 African swine fever outbreaks 
in Estonia. Preventive Veterinary Medicine 181:104556.

Office International des Epizooties (OIE) 2019. African 
swine fever. OIE Technical Disease Cards. World 
Organization for Animal He¿dth, Paris France.

O’Neill, X., A. White, F. Ruiz-Fons, and C. Gortaziu:. 2020. 
Modelling the transmission and persistence of African 
swine fever in wild boar in contrasting European 
scenarios. Scientific Reports 10:5895.

Oura, C. A. L., P. P. Powell, E. Anderson, and R. M. E. 
Parkhouse. 1998. The pathogenesis of African swine 
fever in the resistant bushpig. Journal of General 
Virology 79:1439-1443.

Paulino-Ramirez, R., R. Jimenez, and J. Ariel. 2021. Food 
security and research agenda in African swine fever 
virus: a new arbovirus threat in the Dominican 
Republic. Interamerican Journal of Medicine and Health 
4;e202101028.

Penrith, M. L., A. D. Bastos, E. M. C. Etter, and D. Beltran- 
Alcrudo. 2019. Epidemiology of African swine fever in 
Africa today: sylvatic cycle versus socio-economic 
imperatives. Transboundary and Emerging Diseases 
66:672-686.

Pepin, K. M., A. J. Golnar, Z. Abdo, and T. Podgorski. 2020. 
Ecological drivers of African swine fever virus persis
tence in wild boar populations: insight for control. 
Ecology and Evolution 10:2846-2859.

Pikalo, J., P. Deutschmann, M. Fischer, H. Roszyk, M. Beer, 
and S. Blome. 2021. African swine fever laboratory 
diagnosis—lessons learned from recent animal trials. 
Pathogens 10:177.

Plavsic, B., A. Rozstalnyy, J. Y. Park, V. Guberti, K. Depner, 
and G. Torres. 2019. Strategic challenges to global

control of African swine fever. Proceedings of the 
87th General Session of the OIE World Assembly. World 
Organization for Animal Health, Paris France, https:// 
www.woiih.org/fileadmin/Home/eng/Publications_%26 
_Documentation/docs/pdf/TT/2019_A_87SG_10.pdf, 
Accessed 4 Oct 2022.

Plowright, W., C. T. Perry, and A. Greig. 1974. Sexual 
transmission of African swine fever virus in the tick, 
Omithodoros moubata porcinus, Walton. Research in 
Veterinary Science 17:106-113.

Plowright, W., C. T. Perry, and M. A. Peirce. 1970.
Transovarial infection with African swine fever virus in 
the asgarid tick, Omithodoros moubata porcinus, Walton. 
Research in Veterinary Science 11:582-584.

Rennie, L., P. J. Wilkinson, and P. S. Mellon 2001. Trans
ovarial transmission of African swine fever virus in the 
argasid tick Omithodoros moubata. Medical and 
Veterinary Entomology 15:140-146.

Revilla, Y., D. Perez-Nunez, and J. A. Rieht. 2018. African 
swine fever virus biology and vaccine approaches. 
Advances in Virus Research 100:41-74.

Rock, D. L. 2017. Challenges for African swine fever vaccine 
development—“. . . perhaps the end of the beginning.” 
Veterinary Microbiology 206:52-58.

Rossi, S., C. Staubach, S. Blome, V. Guberti, H. H. Thulke, 
A. Vos, F. Koenen, and M. F. le Potier. 2015. Controlling 
of CSFV in European wild boar using oral vaccination: a 
review. Frontiers in Microbiology 6:1141.

Salguero, F. J. 2020. Comparative pathology and pathogen
esis of African swine fever infection in swine. Frontiers 
in Veterinary Science 7:283.

Sanchez-Corddn, P. J., M. Montoya, A. L. Reis, and L. K. 
Dixon. 2018. African swine fever: a re-emerging viral 
disease threatening the global pig industry. Veterinary 
Journal 233:41-48.

Sanchez-Vizcaino, J. M., A. Laddomada, and M. L. Arias. 
2019. African swine fever virus. Pages 443-452 in
J. J. Zimmerman, L. A. Karriker, A. Ramirez,
K. J. Schwartz, G. W. Stevenson, and J. Zhang, editors. 
Diseases of swine. John Wiley & Sons, Inc., Hoboken, 
New Jersey, USA.

Sdnchez-Vizcaino, J. M., L. Mur, and B. Martinez-Lopez. 
2012. African swine fever: an epidemiological 
update. Transboundary and Emerging Diseases 
59:27-35.

Sang, H., G. Miller, S. Lokhandwala, N. Sangewar,
S. D. Waghela, R. P. Bishop, and W. Mwangi. 2020. 
Progress toward development of effective and safe 
African swine fever virus vaccines. Frontiers in 
Veterinary Science 7:84.

Sauter-Louis, C., F. J. Conraths, C. Probst, U. Blohm,
K. Schulz, J. Sehl, M. Fischer, J. H. Forth, L. Zani,

http://www.woiih.org/fileadmin/Home/eng/Publications_%26


AFRICAN SWINE FEVER 213

K, Depner, et al. 2021a. African swine fever in wild 
boar in Europe—a review. Vaccines 13:1717.

Sauter-Louis, C., J. H. Forth, C. Probst, C. Staubach, A. Hlinak, 
A. Rudovsky, D. Holland, P. Schlieben, M. Goldner, J. 
Schatz, et al. 2021b. Joining the club: first detection of 
African swine fever in wild boar in Germany. Trans
boundary and Emerging Diseases. 68:1744-1752.

Shi, J., L. Wang, and D. S. McVey. 2021. Of pigs and men: 
the best-laid plans for prevention and control of swine 
fevers. Animal Frontiers 11:6-13.

Stancu, A. 2018. ASF evolution and its economic impact 
in Europe over the past decade. The USV Annals of 
Economics and Public Administration 18:18-27.

Taylor, R. A., R. Gondoleo, R. R. L. Simons, P. Gale,
L. A. Kelly, and E. L. Snary. 2020. The risk of infection 
by African swine fever virus in European swine through 
boar movement and legal trade of pigs and pig meat. 
Frontiers in Veterinary Science 6:486.

Teklue, T, Y. Sun, M. Abid, Y. Luo, and H. J. Qui. 2019. 
Current status and evolving approaches to African swine 
fever vaccine development. Transboundary and 
Emerging Diseases 67:529-542.

Tran, X. H., T. T. P. Le, Q. H. Nguyen, T. T. Do, V. D. Nguyen, 
C. G. Gay, M. V. Borca, and D. P. Gladue. 2022. African 
swine fever virus vaccine candidate ASFV-G-AI177L 
efficiently protects European and native pig breeds 
against circulating Vietnamese field strain. Transbound
ary and Emerging Diseases 69:e497-e504.

Tucker, C., A. Eagre, G. Wittemyer, T. Webb, E. O. Abworo, 
and S. VandeWoude. 2021. Parallel pandemics illustrate 
the need for One Health solutions. Frontiers in 
Microbiology 12:718546.

Turlewicz-Podbielska, H., A. Kuriga, R. Niemyjski,
G. Tarasiuk, and M. Pomorska-Mol. 2021. African swine 
fever virus as a difficult opponent in the fight for a 
vaccine—current data. Viruses 13:1212.

US Department of Agriculture Animal and Plant Health 
Inspection Service (USDA APHIS). 2021a. USDA 
statement on confirmation of African swine fever in the 
Dominican Republic. USDA APHIS, Riverdale, 
Maryland, USA. https://www.aphis.usda.gov/aphis 
/newsroom/news/sa_by_date/sa-2021/asf-confirm.
Accessed 30 Dec 2021.

US Department of Agriculture Animal and Plant He^llth 
Inspection Service (USDA APHIS). 2021b. USDA 
statement on confirmation of African swine fever in 
Haiti. USDA APHIS, Riverdale, Maryland, USA.

https://www.aphis.usda.gov/aphis/newsroom 
/stakeholder-info/sa_by_date/sa-2021/sa-09/asf-haiti. 
Accessed 30 Dec 2021.

Vergne, T., C. Chen-Fu, S. Li, J. Cappelle, J. Edwards,
V. Martin, D. U. Pfeiffer, G. Fusheng, and F. L. Roger. 
2017. Pig empire under infectious threat: risk of African 
swine fever introduction into the People’s Republic of 
China. Veterinary Record 181:117.

Viltrop, A., F. Boinas, K. Depner, F. Jori, D. Kolbasov,
A. Laddomada, K. Stähl, and E. Chenais. 2021. African 
swine fever epidemiology, surveillance and control.
Pages 229-261 in L. lacolina, M. Penrith, S. Bellini,
E. Chenais, F. Jori, M. Montoya, K. Stähl, and 
D. Gavier-Widen, editors. Understanding and combat
ting African swine fever. Wageningen Academic 
Publishers, Wageningen, The Netherlands.

Wang, T., Y. Sun, S. Huang, and H. J. Qiu. 2020. Multifac
eted immune responses to African swine fever virus: 
implications for vaccine development. Veterinary 
Microbiology 249:108832.

Wozniakowski, G., M. Fraczyk, K. Niemczuk, and Z. Pejsak. 
2016. Selected aspects related to epidemiology, 
pathogenesis, immunity, and control of African swine 
fever. Journal of Veterinary Research 60:119-125.

Wu, K., J. Liu, L. Wang, S. Fan, Z. Li, Y. Li, L. Yi, H. Ding,
M. Zhao, and J. Chen. 2020. Current state of global 
African swine fever vaccine development under the 
prevalence and transmission of ASF in China. Vaccines 
8:531.

Xia, W, J. Hughes, D. L. Robertson, and X. Jiang. 2021. 
How one pandemic led to another: ASFV, the disruption 
contributing to SARS-CoV-2 emergence in Wuhan. 
Preprints 2021:2021020590.

Yang, J., K. Tang, Z. Gao, D. U. Pfeiffer, K. Zhao, Q. Zhang, 
and D. D. Zeng. 2021. Demand-driven spreading 
patterns of African swine fever in China. Chaos 
31(6):061102.

Zhao, D., R. Liu, X. Zhang, F. Li, J. Wang, J. Zhang, X. Liu,
L. Wang, J. Zhang, X. Wu, et al. 2019. Replication and 
virulence in pigs of the first African swine fever virus 
isolated in China. Emerging Microbes and Infections 
8:438.

Zhu, J. J., P. Ramanathcm, E. A. Bishop, V. O’Donnell,
D. P. Gladue, and M. V. Borca. 2019. Mechanisms of 
African swine fever virus pathogenesis and immune 
evasion inferred from gene expression changes in 
infected swine macrophages. PLoS One 14:e0223955.

https://www.aphis.usda.gov/aphis
https://www.aphis.usda.gov/aphis/newsroom

	African Swine Fever
	

	rep2023-080-Chapter 12-African Swine Fever

