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Abstract: African swine fever (ASF) is a notifiable viral disease of pigs and wild boars that could
lead to serious economic losses for the entire European pork industry. As no effective treatment or
vaccination is available, disease prevention and control rely on strictly enforced biosecurity measures
tailored to the specific risk factors of ASF introduction within domestic pig populations. Here,
we present a review addressing the risk factors associated with different European pig farming
systems in the context of the actual epidemiological scenario. A list of keywords was combined into
a Boolean query, “African swine fever” AND (“Risk factors” OR “Transmission” OR “Spread” OR
“Pig farming” OR “Pigs” OR “Wild boars”); was run on 4 databases; and resulted in 52 documents of
interest being reviewed. Based on our review, each farming system has its own peculiar risk factors:
commercial farms, where best practices are already in place, may suffer from unintentional breaches
in biosecurity, while backyard and outdoor farms may suffer from poor ASF awareness, sociocultural
factors, and contact with wild boars. In the literature selected for our review, human-related activities
and behaviours are presented as the main risks, but we also stress the need to implement biosecurity
measures also tailored to risks factors that are specific for the different pig farming practices in the
European Union (EU).
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1. Introduction

African Swine Fever virus (ASFV), a large DNA virus belonging to the family Asfaviri-
dae, is one of the most worrying swine pathogens, and its spread into new countries of
the EU would lead to devastating and unrecoverable economic losses to the entire swine
production sector. Within Europe, the first ASFV incursion was reported in Portugal in 1957.
It took until 1995 to officially eradicate the disease from the continent, with the exception
of Sardinia island, where ASF is still endemic to this day. In 2007, a new introduction of the
highly virulent genotype II of ASFV was reported in Georgia, where pigs were probably
ted ASFV-contaminated pork brought in on ships [1]. Following the incursion into Georgia,
the disease spread to other countries in the Caucasian region and to the Russian Federation.
Despite all the preventive measures put in place since 2007, in early 2014, ASF reached
the EU, with the first case reported in Lithuania, followed by other cases in different
countries [2-5]. Since at present there is no veterinary treatment or vaccination option,
prevention and control of ASF must rely mainly on biosecurity measures in all those situa-
tions where a potential risk of introduction and/or diffusion is identified. To better address
preventive and control measures, risk assessments need to be tailored to the targeted
disease and to the farming systems in which they are to be implemented, taking into con-
sideration the epidemiology of the disease, the duration of pathogen excretion in infected
animals, the main routes of excretion, survival of the pathogen in the environment, and its
routes of infection [6,7]. In the EU, pig farming is one of the most significant economic
sectors: it represents 8.5% of the EU agricultural industry output (year 2016), 50% of the
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entire European meat production (year 2018), and 62% of the total meat exports from EU
(year 2018) [8]. European pork production is scattered among several types of farms with
much variation among Member States. Three quarters of pigs are reared by just 1.5% of
the largest fatteners. Small pig producers are mostly found in the 13 Member States that
joined the EU since 2004, which creates a decreasing size of the herd [9]. Considering the
Working Document of the Directorate General for Health and Food Safety: “African swine
fever strategy for Eastern part of the European Union. SANTE/7113/2015-Rev 12” [8],
European pig farms are classified into three categories: (1) non-commercial farms (NCF),
where pigs are kept only for fattening for own consumption and neither pigs nor any of
their products leave the holding; (2) commercial farms (CF), which sell pigs, send pigs to a
slaughterhouse, or move pig products off the holding; and (3) outdoor farms, in which pigs
are kept temporarily or permanently outdoors. Rather than taking into account the size of
the farm or the type of establishment (breeding, fattening, etc.), this classification considers
the commercial attitude of the holdings. In this way, it considers the risk of spreading the
disease by trading pigs and the risk for the farm of being exposed to an external source of
infection, such as the presence of infected wild pigs or soft ticks. In a nutshell, pig farms are
categorized on the basis of the risk of ASF spread and, based on that, targeted biosecurity
measures have been established. A peculiar subtype of outdoor farming, common in
the south-eastern countries of Europe and the Iberian peninsula, is free range farming,
a traditional practice in which autochthonous pig breeds are usually reared in extensive
or semi-extensive production systems that may facilitate contact between pigs and wild
boars, contributing to the possible spread of ASFV [10]. As ASF is a disease transmitted
by contact with other infected animals or fomites, outbreaks in domestic pigs have been
correlated with wild boar cases, pointing to a link between the risk of ASFV introduction
into domestic pig herds and the degree of contamination of the external environment [11].
Moreover, due to its high resistance, it is often difficult to pinpoint ASF primary route of
transmission which, in most cases, might be mediated by human activities rather than by
contact with wild animals [4,11-14]. The worldwide spreading of ASFV and its dreaded
effects on the agricultural pork production sector have led to a plethora of studies that
identified several risk factors deemed responsible for the transmission of ASFV to domestic
pig populations: farm visitors, wild boar presence, unlawful behaviours, legal animal and
product trade, lack of biosecurity measures, ticks, and other arthropods, just to mention a
few [2,15-18]. However, so far, risk factors have been examined with specific focuses on
specific scenarios in several parts of the world [12,13,19,20], but a systematic approach to
the ASFV transmission risks associated with domestic pig farming within the EU area is
still lacking. The aim of this review is to identify the main risk factors for the spread of ASF
in the domestic pig sector, taking into consideration the epidemiological characteristics of
the current scenario in the EU and the different pig farming systems. This information can
be relevant in assessing the level of risk of individual holdings in order to plan specific
preventive measures.

2. Results and Discussion

Few analytical studies have been conducted to identify risk factors involved in the
introduction and spread of ASF at the farm level. For this review, a total of 52 publications
were finally selected and reviewed. Risk factors that can promote the introduction and
spread of the virus at the farm level are multiple: poor farming practices and low biosecurity
levels [5,7,21,22], swill feeding and slaughtering on the farm [23], introduction of purchased
pigs [24] and products, human behaviours and activities, environmental factors, factors
related to society, and the cultural background of the farmers [13,21,22,25]. In other cases,
factors deemed to increase the risk of outbreaks at the farm level include the density
or the size of the herd [26], a free-ranging husbandry system [27], the proximity to an
infectious farm [18,28], usage of out-of-farm semen [29], ova or embryos on breeding farms,
contact with wild boars and external pigs [2,16], and improper disposal of carcasses and
manure [21,22]. The European Food Safety Authority (EFSA), assessing the risk of spread
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of ASF in south-eastern Europe in 2019, considered the following as the main risk factors
for ASF spread in domestic pig populations: swill feeding, the presence of free-ranging
pigs in some areas of a country, the presence of a substantially high number of smallholders
in the country, and home-slaughtering [10]. Jurado et. al. [2] reviewed 52 documents, and a
panel of experts in the field identified 37 preventive measures to prevent ASF introduction
and diffusion among domestic pigs. In their effort, the authors described the following
risk factors for the three types of farms (commercial, non-commercial, and outdoor):
identification of animals and animal movements, swill feeding, contacts among pigs from
different farms, and the presence of feral pigs and wild boars. We grouped the risk factors
presented by the literature selected within our review process into 7 categories: biosecurity,
swill feeding and slaughtering on farm, trading of pigs and products, human activity
factors and farm management, sociocultural risk factors, ASF in wild boars as a risk for
neighbouring farms, and ticks and other blood feeding arthropods.

2.1. Biosecurity

High levels of farm biosecurity are considered the most important tools for preventing
ASFV introduction on a farm [7]. Biosecurity measures on farms and especially at the farm
entrance (thorough cleaning and disinfection of buildings, transport vehicles, and personal
protective equipment) and health and safety regulations on farms have a role in the
introduction of ASFV that remains difficult to quantify [12,30]. Lamberga et al. [21,22]
recently described an ASF outbreak in a large commercial pig farm in Latvia, where the
weakest points identified were the entrances of the farm and the sanitary filters (locker
rooms) for the staff that did not provide clear and clean separation between staff reception
areas and the animal accommodation. Contaminated fomites and meat or meat products
were a potential risk factor for the introduction of ASFV in the herd, considering that farm
employees were allowed to bring and eat their own food inside the farm. Additional risk
factors identified in the study were contaminated vehicles transporting pigs or carcasses,
feed or bedding originating from areas in which wild boars have had access, and the
possibility that farm employees or other persons visiting the farm participated in hunting
or were otherwise involved in activities linked to wild boars [21,22]. Outdoor-bred pigs
and pigs with access to the outside of farm facilities could have contact with the wild boar
population. This type of pigs farming, typical of most small backyard farms, represents
one of the weakest links in the biosecurity chain and the biggest risk factor for ASF
introduction [10,31]. Low biosecurity farms, high density of wild boars, and vector presence
are deemed to be the most dangerous combinations for the spread and persistence of ASFV
in domestic low biosecurity farming [32]. A different scenario was reported in Romania
where, despite the high rate of outbreaks in domestic farms, primarily with low levels of
biosecurity, only a few cases of ASF in wild boars were detected [11]. Even if a correlation
between domestic pig outbreaks and wild boar cases was considered possible, the most
significant contribution to the introduction of ASF into domestic farms was deemed to be
the inadequate biosecurity level of small domestic farms and, more precisely, the indirect
contact through contaminated fomites or environment [11].

2.2. Swill Feeding and Slaughtering on Farm

While swill feeding was banned in the EU in 2002 after the UK Foot-and-Mouth Dis-
ease (FMD) epidemic, epidemiological studies of ASF outbreaks [5,18,31,33] have shown
that this practice is still used in many countries and that there is a lack of detailed informa-
tion on the nature, frequency, and distribution of swill usage in the pig production sector.
Some European pig herds were infected via the introduction of swill feeding since the long-
term survival of the virus in pig meat and animal remains represents an important risk for
indirect disease transmission [5,31,33]. In non-commercial farms, swill as a supplementary
feed is probably commonly used and ASFV-contaminated pork or pig products could rep-
resent a possible source of infection. A study on the risk factors affecting the distribution of
ASF in Sardinia after the beginning of the eradication program in 1993 correlated the high
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number of close farms within a municipality with a higher risk of ASF incursion probably
due to a more frequent adoption of swill feeding in small-scale closed farms [34]. Often,
the contaminated meat may have been stored chilled, frozen, or treated and may have been
kept over long periods of time, thus acting as the main mechanism for ASFV maintenance
and reintroduction [3]. Illegal imports of pork and meat products could be a risk factor
for ASFV introduction in a farm if in combination with swill feeding, for domestic pigs
and also for wild pigs if they have access to food waste [7]. Swill feeding together with
illegal movements of infected pork meat, suspected cases underreporting, and “emergency
sales” represent important risk factors in the spread of the disease [17,18,35-37] as do
illegal slaughtering and slaughtering of sick animals [38]. These behaviours are often
rooted in the socioeconomic situation of poor farming regions characterized by inadequate
understanding of the ASF threat and by disinterest of citizens and owners of animals in
ASF eradication due to a misunderstanding of the problem and unwillingness to undertake
the costs of any change to their traditional animal farming system. Within these contexts,
reduced trust in the veterinary surveillance system and in the official authorities leads to
the sale of pigs and pork without veterinary certificates and illegal turnover, while fear
of insufficient compensation upon culling leads to emergency slaughtering on farm and
failure to disclose early cases of the disease or animal deaths [39,40].

2.3. Trading of Pigs and Products

ASF spread has been linked to trade-related factors, with transport implicated in the
transmission of the disease as well as pig restocking and pig exchange with neighbouring
districts. A spatiotemporal analysis of the outbreaks in the Russian Federation identified a
correlation between the distribution of cases among domestic pigs, the main transporta-
tion routes, and the population density distribution. Thus, it was hypothesized that the
trade of animals and animal products could have a possible causal effect on the disease
spread [26,41-48]. Taylor et al. [49] used data from cases of ASF in 2018 within Europe
to estimate the prevalence of diseases in the pig population and in wild boars in order to
compute the risk of initial infection via 3 potential routes: legal trade of live pigs, legal trade
of pig meat products, or wild boar movements. Their results showed that, for Eastern
European countries, where numerous cases of ASF had already been reported, movement
of wild boars was a high risk of ASFV transmission to domestic pigs, while legal trade of
pigs was considered a high risk of introduction of ASF into Western European countries.
Among animal movements, illegal trade is a risk factor due to the difficulty in quantifying
this type of activity. Costard et al. [50] tried to close this knowledge gap using a semiquan-
titative mathematical approach based on factors that influence the likelihood of release of
contaminated smuggled meat and products, and subsequent exposure of the susceptible
population to ASFV. Their results showed that illegal importation of pork and products
is a considerable risk factor of ASFV introduction in new countries [50]. More precisely,
on a relative risk scale with 6 categories from negligible to very high, France, Italy, Poland,
Romania, and Spain scored at high risk of exposure upon ASF release, while Austria,
Bulgaria, Germany, Greece, Hungary, Latvia, Lithuania, Portugal, Sweden, and United
Kingdom were at a moderate exposure risk [50].

2.4. Human Activity Factors and Farm Management

Pejsak et al. [51], after studying the characteristics of the spread of ASF in Poland from
February to August 2014, evidenced that the disease spread slowly and that the probability
of ASFV dispersion to further areas was associated with human activities, movement,
and trade of ASFV-contaminated pork and wild boar meat. Adding to the already men-
tioned risks associated to swill feeding, emergency slaughtering on farm, legal and illegal
introduction of pigs and pork, human activities mainly associated with visits by veteri-
narians or para-veterinarians may pose an issue. Boklund et al. [18], in their risk analysis
of incursion of ASF in Romanian domestic farms, identified the number of professional
visitors during the high-risk period to be a significant risk factor for ASF incursion in
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backyard farms. In Latvia, a study conducted on 32 ASF outbreaks revealed that primary
outbreaks were most probably due to contact with wild boars and swill feeding practices,
but secondary outbreaks were related to the entrance of visitors previously spotted on
other infected farms [5]. Once again, this finding correlates with the low biosecurity level
of such types of pig rearing, as already pointed by other experts [7]. As anticipated above,
indirect transmission of ASFV via contaminated feed products is possible [52]. Recently,
ASF outbreaks were detected in pig herds located in different countries, with thousands of
kilometres separating affected herds, and according to European and Asian recent epidemi-
ological analyses, long-distance (transboundary and transcontinental) movement of ASFV
through contaminated feed and feed ingredients should be regarded as a suitable route
of ASFV spread, especially within ASF-free areas [52]. ASFV in fact can be transmitted
orally through the consumption of both liquid and feed, adding to the role of feed in the
emergence of this virus in pig populations worldwide [53]. In fact, a study identified the in-
fectious doses of ASFV (Georgia 2007 strain) for liquid and feed [53], and despite the results
showing a higher dose for feed than for liquid, the authors hypothesized that the high fre-
quency of exposure and the higher volumes consumed might make feed an important risk
factor for transmission in modern pig farming systems. Moreover, considering that feed
production is often highly centralized, there might be a high risk that contaminated feed-
stuff could be disseminated across a high number of pig farms [53]. Additionally, the low
infectious dose of ASFV when ingested via liquid consumption should be considered
another risk factor of ASFV spreading through water. The results of an epidemiological
investigation in Romanian counties, where the outbreaks were registered especially near
the Danube river, seem to point in this direction [11]. The EFSA [4] reported that, in Latvia
and Lithuania, transmission of the virus to domestic pigs could have happened via fresh
grass and seeds contaminated by wild boar faeces containing ASFV. Moreover, a study [5]
conducted on ASF in Latvia suggested that fresh grass or crops contaminated by wild boars
and used as feed had been a risk factor for ASF occurrence in backyard holdings. In their
recent study, Fischer et al. [54] took six different types of ASF-contaminated field crops
(wheat, barley, rye, triticale, corn, and peas) and tested the efficacy of drying and heat
treatment towards the inactivation of ASFV. They analysed samples for the presence of viral
DNA and infectious virus after drying at room temperature or at moderate temperature
(between 40 °C and 75 °C). Their results showed that no infectious virus could be detected
after drying but that ASF DNA was detected in all samples by PCR. The authors concluded
that the risk of ASFV transmission via contaminated crops (incubated for a minimum time
of 2 h at room or higher temperature) is probably low, but they underlined that, to minimize
the risk of transmission, crops from ASF-affected zones should not be used for pig feeding.

2.5. Sociocultural Risk Factors

The importance of social factors in the context of animal disease control is well
recognized. Culture and human behaviour can influence the epidemiology of animal
diseases. ASF introduction and persistence are correlated with different aspects like social,
cultural, and religious factors. Regarding ASF in Sardinia, the association between culture,
habits in animal breading, and disease spreading is strong [40]. The risk of ASF maintenance
in Sardinia increases in municipalities with higher levels of human deprivation (defined
as a lack of goods, services, amenities, and physical environment), reduced educational
levels, and low employment [39,40]. In detail, Loi et al. [40] studied indicators for the
presence of ASF in municipalities in Sardinia and evidenced that common indicators
for ASF presence could be the age and sex of the farmer, a material deprivation index,
the number of farms and animals, a micro-criminality index, and the rate of reported
thefts [40]. In Sardinia, the disease has been historically associated with free-ranging
pig farming, which is rooted in sociocultural factors and traditional practices defining
the very consciousness of self in local people [2,16,39,55]. This type of traditional pig
farming is mainly practiced in mountainous areas that are economically deprived and
with limited outside access [16,39,40]. It has been proposed by several authors that the
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difficulties associated with removing free-ranging pigs from Sardinia are seeded in the
cultural self-identity of the farmers that refuse to change their habits because this would
mean losing their cultural identity [16,39,40]. Moreover, illegal trade of products and pigs
has been a characteristic of pig production in Sardinia and is regarded as a factor for the
persistence of ASF on the island [27]. Chenais et al. [35] reported the peculiar diffusion
pattern of actual ASF epidemics in the Russian Federation and Eastern European countries,
which is characterized by long-distance spread most probably caused by human-related
actions, as said before. Reported human factors are the transport of contaminated meat and
products, swill feeding to domestic pigs, or abandoning contaminated leftovers in wild boar
environments. While the latter examples show behaviours driven by improper education
over the ASF threats, Costard et al. [36] showed that, although increased awareness of
smallholder farmers is desirable, their actions are driven by social acceptance, fear of
insufficient compensation upon culling, or economic damages due to trade restrictions
imposed by local authorities; hence, adequate financial compensation seems to be the
real key driver for these producers. All these social and economic motivations may lead
farmers and local operators to adopt behaviours that might negatively affect control of the
disease [56]. Compliance with the legal requirements laid down by veterinary authorities,
in fact, is central to the success of control and eradication efforts, including ASF [10]. Vergne
et al. [28] conducted a study in Germany, Bulgaria, and the Russian Federation with the
objective of investigating farmers” and hunters’ attitudes to reporting suspected ASF cases.
They showed that most of them were willing to comply with the regulations: 87% of farmers
would timely report an ASF suspicion, 52% of hunters would test hunted wild boars for
ASF diagnosis, and 83% of them would report found-dead wild boars. Factors associated
with farmers’ unwillingness to immediately report suspected cases were the laboratory
incapacity to provide a diagnostic result within one week, fear that reporting suspect cases
might have adverse effects on their reputation at the local level, and not feeling able to
cope with an ASF outbreak by themselves. As for hunters, the main factor was being
unaware of a mechanism by which they could report the presence of wild boar carcasses.
The current ASF epidemic in Europe recognizes human behaviours as the major cause of
long-distance transmission and virus introduction in domestic pig farms [35]; therefore,
these human aspects must always be taken into consideration. Moreover, many times in
ASF outbreak investigations, the source of introduction cannot be reliably identified and
farmers and other epidemiologically relevant actors may perceive it as a justification for
avoiding changes in biosecurity behaviour [57] and may not report noncompliance in the
application of legal rules.

2.6. ASF in Wild Boars as a Risk for Neighbouring Farms

One of the most controversial risk factors always taken into consideration when as-
sessing the possibility of ASF incursion and spread within the domestic pig population
is the presence and propagation of the disease in wild boars. ASFV can be efficiently
transmitted by direct contact between wild boars and domestic pigs and by environmental
contamination [58-60]. Wild boars can in fact contribute to the spread of the virus during
the infectious phase of the disease, eliminating it into the environment through infected
excretions, secretions, carcasses, or contacts with domestic pigs. Wild boars can mix with
domestic pigs, particularly in free-range settings or when farm biosecurity is poorly im-
plemented. In times of scarce feed, wild boars are more likely to approach farms. In such
situations, the habitats of domestic pigs and wild boars overlap, facilitating the spread of
the disease. Similarly, in Sardinia, the persistence of the disease is significantly associated
with free-range farming, a difficult practice to remove because of the cultural identity of the
island. Unregistered free-range pigs represent an important virus reservoir and may serve
as an ASFV link between the wild boar and domestic pig populations, thus facilitating the
spread of ASFV and jeopardizing its control [61]. Therefore, the interaction between wild
boars and pigs can prolong ASFV circulation, as observed in many outbreaks in Sardinia
and in the Russian Federation [55,62]. Many factors may contribute to the risk of introduc-
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tion and spread of ASF in wild boar populations and at the wildlife-domestic interface,
but many knowledge gaps still exist in this field. The more important knowledge gaps
are wild boar density, the presence of a suitable habitat for wild boars, the effect of some
measures aimed at reducing wild boar population density, wild boar feeding, human in-
volvement, environmental and biological factors, the role played by wild boar carcasses,
and the presence of ASF asymptomatic forms as well as survivors. The EFSA, assessing the
risk of spread of ASF in south-eastern Europe in 2019 [10], considered the average wild boar
density and the presence of a suitable habitat as the main risk factors for ASF spread in wild
boar populations. In EU Member States, wild boars seem to play the main role in ASF infec-
tion spread and maintenance, not only for wildlife but also for the domestic pig sector [35].
This seems to depend largely on the population density of wild boars and their interaction
with low-biosecurity pig production sites (free-ranging and scavenging pigs in particular).
Smietanka et al. [63] evaluated ASF spread in Poland for 18 months between February 2014
and August 2015 and evidenced that the number of cases in domestic pigs were positively
correlated with wild boar density. Carcasses of infected animals and food waste containing
infected pork products are also thought to be involved [64]. Cadenas-Ferndndez et al. [65]
monitored the interactions between free-ranging pigs and wild boards in an ASF-endemic
area of Sardinia. The authors observed that the majority of indirect interactions involved
animals that were in movement, suggesting that wild boars and free-ranging pigs do not
share resting areas. The authors also reported that indirect interactions were much more
frequent near water sources. The authors concluded that free-ranging pigs can act as a
bridge in transmitting ASFV between wild boars and domestic pigs, especially in extensive
pig production systems [65]. It should be noted though that not all the authors agree in
the fact that wild boar density seems to be an important risk factor for ASF spread in the
wild boar population [66]. The EFSA [11] evidenced that, from field observations, no wild
boar density threshold seems to exist for ASF transmission. ASF outbreaks have occurred
and have been reported also in areas with very low wild boar density. The EFSA [11]
observed that there are significant knowledge gaps about ASF transmission routes and
epidemiology in wild boars and possibly many drivers may determine whether ASF can be
sustained in an ecological setting. These may include several factors related to small-scale
social structure of wild boars, animal-to-animal transmission, transmission from contami-
nated environments or infected carcasses, and the role of mechanical vectors in the ASF
epidemiology [11]. Moreover, epidemiological analyses conducted by the EFSA on ASF
in the Baltic countries and Poland in 2014-2016 did not evidence wild boar density as
a potential risk factor associated with the presence of ASF in a region for the countries
under study [31,33]. Nevertheless, transmission of the disease in domestic pig farms in
the Baltic countries and Poland was related mainly to the epidemic occurring in the wild
boar population, the wild boar habitat suitability, and the neighbouring distance from
infected wild boars and domestic pigs [15,67]. On the contrary, Croft et al. [68] developed a
model to evaluate the possible introduction and spread of ASFV in a wild boar population
in England, and their results suggested a relationship between animal density and the
rate of disease spread and that the extent of the wildlife-host distribution could be an
important factor predicting the duration of an outbreak. Pautenius et al. [69], after studying
the spatiotemporal distribution of ASF outbreaks in Lithuania, concluded that there is no
correlation between the population density of wild boars and ASFV prevalence in a given
region but that it might have an effect on the risk of ASFV introduction into another wild
boar population in the case of an increased dispersal distance of adult males. Maintaining
low wild boar population levels might prevent long-range dispersals of adult males [69].
Epidemiological analyses conducted by the EFSA on ASF in the Baltic countries and Poland
in 2014-2016 showed that the environmental and biological risk factors potentially involved
in the occurrence of ASFV in the wild boar population were: the number of settlements,
the human population size, the number of domestic pigs, the number of pig farms, roads,
and forest cover percentage. The association of ASF presence with human population size,
domestic pigs, and pig farms might be an indicator of an involvement of humans in the
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spread of the disease or could be explained by a higher probability to detect dead wild
boars [31,33]. After the introduction of ASFV in Estonia, Latvia, Lithuania, and Poland in
2014, the EFSA [3] analysed the spatiotemporal distribution of notifications and concluded
that, from January to September 2014, in several cases, notifications were located too far
from each other to be explained by direct contact between animals. This indicated a human
involvement in the initial spread of ASFV in the domestic pig population. From September
2014 until March 2015, instead, the expansion of ASF remained local and was mediated
by wild boars. The introduction of ASF in Lithuania, in 2014, was linked to infected
wild boar movements from the endemic zone in Belarus, while the persistence of the
virus in wild boars has been linked to close contact with infected wild boar carcasses [69].
Some authors also observed that the practice of wild boar supplementary feeding could
increase the population contact rate and consequently facilitate ASF spread [70]. Also for
the EFSA, artificial feeding of wild boars might increase rather than reduce the risk of
ASFV spread [4]. EFSA developed a model to identify risk factors for ASF occurrence
in wild boars in Estonia using data from 2014 to 2019. The model evidenced that, in
Estonia, the probability of finding an ASFV-positive wild boar is directly correlated with
the density of pigs farmed in small holdings per local administrative unit (LAU) (animals
in small holdings/km?). The model also ruled out, as not significant, several other risk
factors like average quality of wild boar habitat, average yearly snow depth, average
yearly minimum temperature, density of hunters/km?, density of hunting dogs/km?,
density of feeding/baiting places/km?, and density of hunted wild boar/km? [17]. ASFV
is generally considered extremely resistant, especially if protected by organic material;
thus, contaminated wild boar carcasses might facilitate virus persistence for months or
even years within a region, significantly influencing the course of an ASF epidemic [35].
Interactions between wild boars and carcasses have been described in several studies
based on camera-trapping [71,72] and can represent a serious risk of disease transmission
within the wild boar population [72]. Masiulis et al. [73] also studied wild boar behaviours
towards domestic pig carcasses disposed in the forest, and they too evidenced that wild
boars seem to be more interested in the soil underneath or next to carcasses than to the
carcasses themselves. Due to the possibility that carcasses can represent a risk for virus
transmission, during the 2017 epidemic in the Czech Republic, public authorities were able
to rapidly confine the disease thanks to the great efforts put in place in order to timely find
and remove wild boar carcasses. Carcass finding and removal should be done as quickly
and effectively as possible, as this type of action is an extremely valid measure for ASF con-
trol [35,72,74]. The soil from underneath the carcasses contaminated with ASFV may also
play a role in the epidemiology of ASF [35]. Several factors influence the probability that
wild boars become infected via direct contact with contaminated soil: the susceptibility of
the animals and the type, the frequency, and the intensity of contact. Moreover, considering
the short virus excretion phase, the behaviour of wild boars, their ecology, their population
density, and the virus resistance in carcasses, ASFV spread through carcasses is considered,
for wild boars, a more significant factor than direct contact with live infectious animals [58].
Pepin et al. [75] modelled carcass-based transmission based on data from Eastern Poland.
The authors identified carcass-based transmission as the key factor in ASF persistence,
especially in low-density host populations where between live animals contact rates were
low, and they inferred that contact of a live animal with an infected carcass caused between
53% and 66% of all transmission events.

2.7. Ticks and Other Blood Feeding Arthropods

Soft ticks of the genus Ornithodoros are the major biological vectors with a significant
role in ASFV transmission. They can be infected over long periods of time and act as
biological reservoirs of ASFV, allowing the virus to persist locally in the environment [76].
The biological lifecycle of these ticks involves blood-feeding on a host for brief periods
of time and then dropping off the host to the ground and either hiding in humid cavities
or looking for another host [77]. Ornithodoros ticks mainly feed on animals living in
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burrows or hide in cracks and surfaces that provide sufficient humidity like those found
in pigsties in old buildings [78]. Pigs are generally accidental hosts, while wild boars
that never rest inside borrows and rarely in the same spot do not seem to be infested by
Ornithodoros soft ticks. In the Iberian Peninsula, ticks of the O. erraticus complex have been
reported [77] and their important role in transmission and maintenance of the disease has
been demonstrated [78,79]. In Portugal, an outbreak was caused by ticks that harboured the
virus for more than 5 years [80]. The presence of ticks was identified as one of the reasons
for the longer persistence of the disease in south-west Spain, where extensively farmed pigs
could potentially be exposed to O. erraticus [78]. Ornithodoros ticks have not been implicated
yet in the ASF cycle, nor their presence has been clearly demonstrated in other European
countries, but information and data about the spatial distribution of Ornithodoros ticks are
still not detailed. Vial et al. [81] developed a broad scale distribution model for Ornithodoros
soft ticks in the Western Palearctic region. The Mediterranean region, with hot dry summers
and cool winters, as well as the semiarid zones in South-West and Central Asia are highly
suitable habitats for Ornithodoros soft ticks. Several studies tried to evaluate the presence of
antibodies against Ornithodoros ticks in the sera of backyard pigs in Sardinia, providing
negative results. These field studies suggest that Ornithodoros ticks are absent from the
island, and consequently, it is assumed that this tick species is not involved in the epizootic
cycle of ASF in Sardinia [27,50,79]. Another study did not provide stringent evidence for
soft tick-wild boar contact in Germany, so a relevant involvement in the epidemiology
of ASF in German wild boars is considered unlikely [60]. In Central Europe and in the
Baltic States, hard ticks represent the major group of these parasites, while soft ticks are
almost absent [58]. Currently, no study has demonstrated ASFV replication in the organs
of hard ticks in Europe. On the other hand, while excluding their role as biological vectors,
studies showed that viral DNA can persist in these ticks from 6 to 8 weeks, allowing them
to become potential mechanical vectors [82]. Ribeiro et al. [83] showed that Ornithodoros
erraticus sensu stricto ticks can become competent vectors when feeding on highly viremic
pigs and on pigs with lower virus titres (i.e., animals with sub-acute and or chronic infection
forms) [83]. Biting flies, such as Stomoxys calcitrans, may play a role in the spread of ASFV
through their feeding cycle (via bites) [84,85] or by oral ingestion of infected flies [86,87].
ASFV was transmitted to susceptible pigs by S. calcitrans infected one hour and 24 h before,
and the virus survived in those flies for at least two days without apparent loss of titre [84].
The possibility of transmission through stable flies is also supported by the persistence
of high viral titres in these arthropods for up to two days [88]. Ingestion of blood-fed
flies could be one possible route of transmission over short distances (e.g., within farms),
but it is considered uncommon between wild boars or between pigs within a stable. In a
pilot study conducted in an outbreak farm in Estonia, ASFV DNA was detected in small
quantities in two samples from flies and mosquitoes. The authors concluded that, even if a
role in local transmission cannot be ruled out, the impact of flies and mosquitoes in ASFV
local spread is rather low [89].

3. Materials and Methods

This review aimed to identify factors related to the risk of introduction and spread of
ASF in domestic pigs in Europe, as described by scientific publications. The literature search
was performed on the 10th of October 2020 using the CAB Abstracts, PubMed, Scopus,
and Web of Science databases for scientific articles and publications. A list of key words was
combined into a Boolean query to identify titles and/or abstracts of documents of interest.
The key words identified as relevant for the search were “African swine fever”, “Risk
factors”, “Transmission”, “Spread”, “Pig farming”, “Pigs”, and “Wild boars”. Based on
these search terms, the following search string was generated: “African swine fever” AND
(“Risk factors” OR “Transmission” OR “Spread” OR “Pig farming” OR “Pigs” OR “Wild
boars”). A schematic representation of the search and the selection/exclusion process
is reported in Table 1. These searches generated 205 hits for CAB Abstracts, 927 hits for
PubMed, 1367 hits for Scopus, and 942 hits for Web of Science, for a total of 3441 records.
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Hits for each single database were separately imported into Rayyan QCRI [90] for further
filtering and selection handling. In the first step of the exclusion process, articles were
removed based on the following criteria:

(1) published before 1970;

(2) full article not written in English, Italian, or Spanish;
(3) not related to the European Union scenario; or

(4) abstract not available or conference proceedings.

Table 1. Search and selection criteria used to compile available evidence for risk factors associated with the introduction of

African swine fever (ASF) in the European farming system.

Cabs Abstracts Pubmed Scopus Wc:eb of Total
Science
Primary Search results 205 927 1367 942 3441

Published before 1970; full article not

written in English, Italian, or Spanish;

not related to the European Union 135 223 394 242 994
scenario; abstract not available or

conference proceedings

Deemed not related to the theme of

. 49 575 761 578 1963
the review
Remaining records 484
Duplicates 199
Not original data or study; in vitro
study; not containing information on 233
risk factors for farms; cell-level study;
reviews
Remaining records 50
Final records included in this review 52

A total of 994 hits were removed after this first round of exclusion criteria. The re-
maining 2447 records underwent a second step of processing done by reading the title and
abstract of each hit and by excluding all those that were deemed not related to the theme
of this review. Another 1963 records were discarded, and the remaining hits (484) were
pulled together and screened for duplicates, leaving 285 publications. In the last step of
handling, abstracts and/or full texts of each record were read, and the following exclusion
criteria were applied:

(1) reviews;

(2) not original data or study;

(3) invitro study;

(4) cell-level study; and

(5) not containing information on risk factors for farms.

Scientific opinions and expert opinion elicitations were included when judged relevant
to the subject of this review, for a total of 50 remaining papers. Two additional publications
were found through scanning and reading the 50 selected works, resulting in a final number
of 52 records included in this review.

4. Conclusions

ASF is a serious, notifiable viral disease of domestic pigs and wild boars that could lead
to devastating losses for the entire European pork industry. The current epidemiological
situation in the eastern part of Europe represents a constant threat to the EU livestock
sector, particularly if the infection pressure remains high at the eastern borders of the EU.
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No vaccine is currently available to prevent ASF infection; hence, primary prevention
measures have a key role in the control strategy of the disease. Our work reviewed
the main risk factors involved in the introduction and spread of ASF in the EU as this
information can be relevant in assessing the level of risk of individual holdings in order to
plan specific preventive measures. The search framework considered the epidemiological
characteristics of the current scenario in the EU and took into account the different pig
farming systems. Indeed, pig production in the EU is highly heterogeneous regarding
farm type (industrialised, outdoor, or backyard), biosecurity standards, and purpose
(commercial and own consumption), and the risk of exposure to ASF depends on the
country, area and farm location, and the epidemiological situation of the territory. A recent
survey on biosecurity implementation was conducted by the World Organisation for
Animal Health (OIE) with the aim of examining the way biosecurity is applied across
Europe. The survey covered the main fields related to implementation of biosecurity in
countries to analyse current strengths and weaknesses and to identify best practices [6].
The study revealed that biosecurity is mostly implemented on farmed animals, with poultry
and pigs being the farming sectors with most frequent application of biosecurity practices.
Most likely, this is linked to the recent epidemics of avian influenza and ASF in Europe.
Additionally, it showed that biosecurity is normally targeted at commercial holdings;
however, even other holdings that have access to markets, for example for trade, should be
included in the biosecurity programme. Although non-commercial farms can be a dead end
in terms of disease spread, backyard units that sell animals at the local or regional levels
can have a role in the spread of diseases. The respondents also highlighted the necessity
of having mitigation measures to prevent disease spread from wild to domestic animals,
and this is particularly relevant for outdoor farming systems [6]. Based on our review of
the potential risk factors of introduction and spread of ASFV in pigs farming in Europe,
we could conclude that different types of risks affect different types of farming systems,
and they need to be specifically considered when preparing a biosecurity program.

Author Contributions: Writing—original draft preparation, G.D.L. and G.C.; writing—review and
editing, S.B., M.T., and G.C.; and supervision, S.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This work is part of the DEFEND project (www.defend2020.eu) funded by the European
Union’s Horizon 2020 research and innovation programme under grant agreement No. 773701.

Acknowledgments: The authors gratefully thank Monica Marchino for writing assistance and
Annalisa Santi for critical proofreading.

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

References

1.  Rowlands, RJ.,; Michaud, V.; Heath, L.; Hutchings, G.; Oura, C.; Vosloo, W.; Dwarka, R.; Onashvili, T.; Albina, E.; Dixon, L.K.
African Swine Fever Virus Isolate, Georgia, 2007. Emerg. Infect. Dis. 2008, 14, 1870-1874. [CrossRef]

2. Jurado, C.; Martinez-Avilés, M.; De La Torre, A.; gtukelj, M.; de Carvalho Ferreira, H.C.; Cerioli, M.; Sanchez-Vizcaino, J.M.;
Bellini, S. Relevant Measures to Prevent the Spread of African Swine Fever in the European Union Domestic Pig Sector. Front. Vet.
Sci. 2018, 5. [CrossRef] [PubMed]

3.  European Food Safety Authority. Evaluation of Possible Mitigation Measures to Prevent Introduction and Spread of African
Swine Fever Virus through Wild Boar. EFSA |. 2014, 12, 3616. [CrossRef]

4. EFSA Panel on Animal Health and Welfare (AHAW). Scientific Opinion on African Swine Fever. EFSA |. 2015, 13. [CrossRef]

5. Olsevskis, E.; Guberti, V.; Serzants, M.; Westergaard, J.; Gallardo, C.; Rodze, I.; Depner, K. African Swine Fever Virus Introduction
into the EU in 2014: Experience of Latvia. Res. Vet. Sci. 2016, 105, 28-30. [CrossRef]

6.  Bellini, S. Application of Biosecurity in Different Production Systems at Individual, Country and Regional Levels; O.L.E (World Organisa-
tion for Animal Health): Paris, France, 2018.

7. Bellini, S.; Rutili, D.; Guberti, V. Preventive Measures Aimed at Minimizing the Risk of African Swine Fever Virus Spread in Pig
Farming Systems. Acta Vet. Scand. 2016, 58. [CrossRef] [PubMed]

8.  Directorate General for Health and Food Safety Strategic Approach to the Management of African Swine Fever for the EU 2020.

Available online: https://ec.europa.eu/food/sites/food/files/animals/docs/ad_control-measures_asf_wrk-doc-sante-2015-7
113.pdf (accessed on 12 October 2020).


www.defend2020.eu
http://doi.org/10.3201/eid1412.080591
http://doi.org/10.3389/fvets.2018.00077
http://www.ncbi.nlm.nih.gov/pubmed/29713637
http://doi.org/10.2903/j.efsa.2014.3616
http://doi.org/10.2903/j.efsa.2015.4163
http://doi.org/10.1016/j.rvsc.2016.01.006
http://doi.org/10.1186/s13028-016-0264-x
http://www.ncbi.nlm.nih.gov/pubmed/27899125
https://ec.europa.eu/food/sites/food/files/animals/docs/ad_control-measures_asf_wrk-doc-sante-2015-7113.pdf
https://ec.europa.eu/food/sites/food/files/animals/docs/ad_control-measures_asf_wrk-doc-sante-2015-7113.pdf

Pathogens 2021, 10, 84 12 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Marquer, P.; Rabade, T.; Forti, R. Statistics in Focus 15/2014. Pig Farming in the European Union: Considerable Variations from
One Member State to Another. 2014. Available online: https:/ /ec.europa.eu/eurostat/statistics-explained /pdfscache/3688.pdf
(accessed on 12 October 2020).

EFSA Panel on Animal Health and Welfare (AHAW); Nielsen, S.S.; Alvarez, J.; Bicout, D.; Calistri, P.; Depner, K.; Drewe, J.A.;
Garin-Bastuji, B.; Gonzales Rojas, J.L.; Michel, V.; et al. Risk Assessment of African Swine Fever in the South-eastern Countries of
Europe. EFSA J. 2019, 17. [CrossRef]

European Food Safety Authority (EFSA); Boklund, A.; Cay, B.; Depner, K.; Foldi, Z.; Guberti, V.; Masiulis, M.; Miteva, A.; More,
S.; Olsevskis, E.; et al. Epidemiological Analyses of African Swine Fever in the European Union (November 2017 until November
2018). EFSA J. 2018, 16. [CrossRef]

Nurmoja, I.; Métus, K.; Kristian, M.; Niine, T.; Schulz, K.; Depner, K.; Viltrop, A. Epidemiological Analysis of the 2015-2017
African Swine Fever Outbreaks in Estonia. Prev. Vet. Med. 2020, 181, 104556. [CrossRef]

Zani, L.; Dietze, K.; Dimova, Z.; Forth, ].H.; Denev, D.; Depner, K.; Alexandrov, T. African Swine Fever in a Bulgarian Backyard
Farm-a Case Report. Vet. Sci. 2019, 6, 94. [CrossRef]

EFSA Panel on Animal Health and Welfare (AHAW). Scientific Opinion on Animal Health Risk Mitigation Treatments as Regards
Imports of Animal Casings. EFSA J. 2012, 10. [CrossRef]

De la Torre, A.; Bosch, J.; Iglesias, I.; Mufioz, M.].; Mur, L.; Martinez-Lopez, B.; Martinez, M.; Sanchez-Vizcaino, ].M. Assessing
the Risk of African Swine Fever Introduction into the European Union by Wild Boar. Transbound. Emerg. Dis. 2015, 62, 272-279.
[CrossRef] [PubMed]

Jurado, C.; Fernandez-Carrién, E.; Mur, L.; Rolesu, S.; Laddomada, A.; Sanchez-Vizcaino, ]. M. Why Is African Swine Fever Still
Present in Sardinia? Transbound. Emerg. Dis. 2018, 65, 557-566. [CrossRef] [PubMed]

European Food Safety Authority (EFSA); Miteva, A.; Papanikolaou, A.; Gogin, A.; Boklund, A.; Botner, A.; Linden, A.; Viltrop, A.;
Schmidt, C.G.; Ivanciu, C.; et al. Epidemiological Analyses of African Swine Fever in the European Union (November 2018 to
October 2019). EFSA |. 2020, 18, €05996. [CrossRef]

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

Chenais, E.; Boqvist, S.; Sternberg-Lewerin, S.; Emanuelson, U.; Ouma, E.; Dione, M.; Aliro, T.; Crafoord, F.; Masembe, C.; Stahl,
K. Knowledge, Attitudes and Practices Related to African Swine Fever Within Smallholder Pig Production in Northern Uganda.
Transbound. Emerg. Dis. 2017, 64, 101-115. [CrossRef]

Kabuuka, T,; Kasaija, PD.; Mulindwa, H.; Shittu, A.; Bastos, A.D.S.; Fasina, F.O. Drivers and Risk Factors for Circulating African
Swine Fever Virus in Uganda, 2012-2013. Res. Vet. Sci. 2014, 97, 218-225. [CrossRef]

Lamberga, K.; Serzants, M.; Olsevskis, E. African Swine Fever Outbreak Investigations in a Large Commercial Pig Farm in Latvia:
A Case Report. Berl. Miinchener Tierirztliche Wochenschr. 2018, 131. [CrossRef]

Lamberga, K.; Olsevskis, E.; Serzants, M.; Berzing, A ; Viltrop, A.; Depner, K. African Swine Fever in Two Large Commercial Pig
Farms in LATVIA-Estimation of the High Risk Period and Virus Spread within the Farm. Vet. Sci. 2020, 7, 105. [CrossRef]
Arias, M.; Jurado, C.; Gallardo, C.; Fernandez-Pinero, J.; Sanchez-Vizcaino, ]. M. Gaps in African Swine Fever: Analysis and
Priorities. Transbound. Emerg. Dis. 2018, 65, 235-247. [CrossRef]

Bech-Nielsen, S.; Fernandez, J.; Martinez-Pereda, F.; Espinosa, J.; Perez Bonilla, Q.; Sanchez-Vizcaino, ]. M. A Case Study of an
Outbreak of African Swine Fever in Spain. Br. Vet. ]. 1995, 151, 203-214. [CrossRef]

Mansfield, K.L.; Jizhou, L.; Phipps, L.P.; Johnson, N. Emerging Tick-Borne Viruses in the Twenty-First Century. Front. Cell. Infect.
Microbiol. 2017, 7. [CrossRef] [PubMed]

Gulenkin, V.M.; Korennoy, F1.; Karaulov, A K.; Dudnikov, S.A. Cartographical Analysis of African Swine Fever Outbreaks in the
Territory of the Russian Federation and Computer Modeling of the Basic Reproduction Ratio. Prev. Vet. Med. 2011, 102, 167-174.
[CrossRef] [PubMed]

Mur, L.; Atzeni, M.; Martinez-Lopez, B.; Feliziani, F; Rolesu, S.; Sanchez-Vizcaino, .M. Thirty-Five-Year Presence of African Swine
Fever in Sardinia: History, Evolution and Risk Factors for Disease Maintenance. Transbound. Emerg. Dis. 2016, 63, e165—177.
[CrossRef] [PubMed]

Vergne, T.; Guinat, C.; Petkova, P.; Gogin, A.; Kolbasov, D.; Blome, S.; Molia, S.; Ferreira, J.P.; Wieland, B.; Nathues, H.; et al.
Attitudes and Beliefs of Pig Farmers and Wild Boar Hunters Towards Reporting of African Swine Fever in Bulgaria, Germany
and the Western Part of the Russian Federation. Transbound. Emerg. Dis. 2016, 63, e194—-e204. [CrossRef]

Guérin, B.; Pozzi, N. Viruses in Boar Semen: Detection and Clinical as Well as Epidemiological Consequences Regarding Disease
Transmission by Artificial Insemination. Theriogenology 2005, 63, 556-572. [CrossRef]

Guinat, C.; Vergne, T.; Jurado-Diaz, C.; Sanchez-Vizcaino, ] M.; Dixon, L.; Pfeiffer, D.U. Effectiveness and Practicality of Control
Strategies for African Swine Fever: What Do We Really Know? Vet. Rec. 2017, 180, 97. [CrossRef]

European Food Safety Authority (EFSA); Depner, K.; Gortazar, C.; Guberti, V.; Masiulis, M.; More, S.; Olsevskis, E.; Thulke, H.;
Viltrop, A.; Wozniakowski, G.; et al. Epidemiological Analyses of African Swine Fever in the Baltic States and Poland. EFSA ].
2017, 15. [CrossRef]

Bernaldo, C.S.; Garcia, A.T.; Paez, A.S. Problematica de la peste porcina africana en Europa. Alternativas futuras. Rev. Complut.
Cienc. Vet. 2017, 11, 158-163. [CrossRef]


https://ec.europa.eu/eurostat/statistics-explained/pdfscache/3688.pdf
http://doi.org/10.2903/j.efsa.2019.5861
http://doi.org/10.2903/j.efsa.2018.5494
http://doi.org/10.1016/j.prevetmed.2018.10.001
http://doi.org/10.3390/vetsci6040094
http://doi.org/10.2903/j.efsa.2012.2820
http://doi.org/10.1111/tbed.12129
http://www.ncbi.nlm.nih.gov/pubmed/23926953
http://doi.org/10.1111/tbed.12740
http://www.ncbi.nlm.nih.gov/pubmed/29027378
http://doi.org/10.2903/j.efsa.2020.5996
http://doi.org/10.1038/s41598-020-66381-3
http://doi.org/10.1111/tbed.12347
http://doi.org/10.1016/j.rvsc.2014.07.001
http://doi.org/10.2376/0005-9366-18031
http://doi.org/10.3390/VETSCI7030105
http://doi.org/10.1111/tbed.12695
http://doi.org/10.1016/S0007-1935(95)80012-3
http://doi.org/10.3389/fcimb.2017.00298
http://www.ncbi.nlm.nih.gov/pubmed/28744449
http://doi.org/10.1016/j.prevetmed.2011.07.004
http://www.ncbi.nlm.nih.gov/pubmed/21840611
http://doi.org/10.1111/tbed.12264
http://www.ncbi.nlm.nih.gov/pubmed/25212957
http://doi.org/10.1111/tbed.12254
http://doi.org/10.1016/j.theriogenology.2004.09.030
http://doi.org/10.1136/vr.103992
http://doi.org/10.2903/j.efsa.2017.5068
http://doi.org/10.5209/RCCV.55492

Pathogens 2021, 10, 84 13 of 15

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

European Food Safety Authority (EFSA); Abrahantes, J.C.; Gogin, A.; Richardson, J.; Gervelmeyer, A. Epidemiological Analyses
on African Swine Fever in the Baltic Countries and Poland. EFSA |. 2017, 15. [CrossRef]

Martinez-Lépez, B.; Perez, A.M.; Feliziani, F.; Rolesu, S.; Mur, L.; Sanchez-Vizcaino, J.M. Evaluation of the Risk Factors
Contributing to the African Swine Fever Occurrence in Sardinia, Italy. Front. Microbiol. 2015, 6. [CrossRef]

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

Costard, S.; Zagmutt, FJ.; Porphyre, T.; Pfeiffer, D.U. Small-Scale Pig Farmers’ Behavior, Silent Release of African Swine Fever
Virus and Consequences for Disease Spread. Sci. Rep. 2015, 5. [CrossRef]

Harikumar, S.; Davis, J.; Anil, K.S. Use of Unconventional Feed in Pig Production. J. Indian Vet. Assoc. Kerala (JIVA) 2016, 14, 5-11.
Yun, C.-H. Unforeseen Enemy: African Swine Fever. Asian-Australas |. Anim. Sci. 2020, 33, 1-3. [CrossRef]

Cappai, S.; Rolesu, S.; Coccollone, A.; Laddomada, A.; Loi, F. Evaluation of Biological and Socio-Economic Factors Related to
Persistence of African Swine Fever in Sardinia. Prev. Vet. Med. 2018, 152, 1-11. [CrossRef]

Loi, F; Laddomada, A.; Coccollone, A.; Marrocu, E.; Piseddu, T.; Masala, G.; Bandino, E.; Cappai, S.; Rolesu, S. Socio-Economic
Factors as Indicators for Various Animal Diseases in Sardinia. PLoS ONE 2019, 14. [CrossRef]

Korennoy, EIL; Gulenkin, V.M.; Malone, J.B.; Mores, C.N.; Dudnikov, S.A.; Stevenson, M.A. Spatio-Temporal Modeling of the
African Swine Fever Epidemic in the Russian Federation, 2007-2012. Spat. Spatiotemporal Epidemiol. 2014, 11, 135-141. [CrossRef]
Beltran-Alcrudo, D.; Falco, J.R.; Raizman, E.; Dietze, K. Transboundary Spread of Pig Diseases: The Role of International Trade
and Travel. BMC Vet. Res. 2019, 15, 1-14. [CrossRef]

Horst, H.S.; Dijkhuizen, A.A.; Huirne, R.B.M.; De Leeuw, P.W. Introduction of Contagious Animal Diseases into The Netherlands:
Elicitation of Expert Opinions. Livest. Prod. Sci. 1998, 53, 253-264. [CrossRef]

Kyyré, J.; Sahlstrom, L.; Lyytikdinen, T. Assessment of the Risk of African Swine Fever Introduction into Finland Using NORA—a
Rapid Tool for Semiquantitative Assessment of the Risk. Transbound. Emerg. Dis. 2017, 64, 2113-2125. [CrossRef] [PubMed]
Mur, L.; Martinez-Lépez, B.; Martinez-Avilés, M.; Costard, S.; Wieland, B.; Pfeiffer, D.U.; Sdnchez-Vizcaino, ].M. Quantitative Risk
Assessment for the Introduction of African Swine Fever Virus into the European Union by Legal Import of Live Pigs. Transbound.
Emerg. Dis. 2012, 59, 134-144. [CrossRef] [PubMed]

Mur, L.; Martinez-Lépez, B.; Costard, S.; de la Torre, A.; Jones, B.A.; Martinez, M.; Sanchez-Vizcaino, F.; Mufioz, M.].; Pfeiffer,
D.U.; Sanchez-Vizcaino, ] M.; et al. Modular Framework to Assess the Risk of African Swine Fever Virus Entry into the European
Union. BMC Vet. Res. 2014, 10. [CrossRef] [PubMed]

Mur, L.; Martinez-Lopez, B.; Sdnchez-Vizcaino, ].M. Risk of African Swine Fever Introduction into the European Union through
Transport-Associated Routes: Returning Trucks and Waste from International Ships and Planes. BMC Vet. Res. 2012, 8, 149.
[CrossRef] [PubMed]

Relun, A.; Grosbois, V.; Sanchez-Vizcaino, ].M.; Alexandrov, T.; Feliziani, F.; Waret-Szkuta, A.; Molia, S.; Etter, EEM.C.; Martinez-
Lopez, B. Spatial and Functional Organization of Pig Trade in Different European Production Systems: Implications for Disease
Prevention and Control. Front. Vet. Sci. 2016, 3. [CrossRef]

Taylor, R.A.; Condoleo, R.; Simons, R.R.L.; Gale, P; Kelly, L.A.; Snary, E.L. The Risk of Infection by African Swine Fever Virus in
European Swine Through Boar Movement and Legal Trade of Pigs and Pig Meat. Front. Vet. Sci. 2020, 6. [CrossRef]

Costard, S.; Jones, B.A.; Martinez-Lépez, B.; Mur, L.; de la Torre, A.; Martinez, M.; Sanchez-Vizcaino, F.; Sanchez-Vizcaino, ] M.;
Pfeiffer, D.U.; Wieland, B. Introduction of African Swine Fever into the European Union through Illegal Importation of Pork and
Pork Products. PLoS ONE 2013, 8. [CrossRef]

Pejsak, Z.; Truszczynski, M.; Niemczuk, K.; Kozak, E.; Markowska-Daniel, I. Epidemiology of African Swine Fever in Poland
since the Detection of the First Case. Pol. . Vet. Sci. 2014. [CrossRef]

Mazur-Panasiuk, N.; Zmudzki, J.; Wozniakowski, G. African Swine Fever Virus — Persistence in Different Environmental
Conditions and the Possibility of Its Indirect Transmission. J. Vet. Res. 2019, 63, 303-310. [CrossRef]

Niederwerder, M.C.; Stoian, A.M.M.; Rowland, R.R.R.; Dritz, S.S.; Petrovan, V.; Constance, L.A.; Gebhardt, ].T.; Olcha, M.; Jones,
C.K.; Woodworth, ].C,; et al. Infectious Dose of African Swine Fever Virus When Consumed Naturally in Liquid or Feed. Emerg.
Infect. Dis. 2019, 25, 891-897. [CrossRef]

Fischer, M.; Mohnke, M.; Probst, C.; Pikalo, J.; Conraths, E]J.; Beer, M.; Blome, S. Stability of African Swine Fever Virus on
Heat-Treated Field Crops. Transbound. Emerg. Dis. 2020, 1-6. [CrossRef]

Iglesias, I.; Rodriguez, A.; Feliziani, F.; Rolesu, S.; de la Torre, A. Spatio-Temporal Analysis of African Swine Fever in Sardinia
(2012-2014): Trends in Domestic Pigs and Wild Boar. Transbound. Emerg. Dis. 2017, 64, 656-662. [CrossRef] [PubMed]

Kukielka, E.A.; Martinez-Lopez, B.; Beltran-Alcrudo, D. Modeling the Live-Pig Trade Network in Georgia: Implications for
Disease Prevention and Control. PLoS ONE 2017, 12, e0178904. [CrossRef] [PubMed]

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

Guinat, C.; Gubbins, S.; Vergne, T.; Gonzales, ].L.; Dixon, L.; Pfeiffer, D.U. Experimental Pig-to-Pig Transmission Dynamics for
African Swine Fever Virus, Georgia 2007 /1 Strain. Epidemiol. Infect. 2016, 144, 25-34. [CrossRef]

Gabriel, C.; Blome, S.; Malogolovkin, A.; Parilov, S.; Kolbasov, D.; Teifke, ].P.; Beer, M. Characterization of African Swine Fever
Virus Caucasus Isolate in European Wild Boars. Emerg. Infect. Dis. 2011, 17, 2342-2345. [CrossRef]


http://doi.org/10.2903/j.efsa.2017.4732
http://doi.org/10.3389/fmicb.2015.00314
http://doi.org/10.1186/s40813-018-0109-2
http://www.ncbi.nlm.nih.gov/pubmed/30637117
http://doi.org/10.1038/srep17074
http://doi.org/10.5713/ajas.2020.0001ED
http://doi.org/10.1016/j.prevetmed.2018.01.004
http://doi.org/10.1371/journal.pone.0217367
http://doi.org/10.1016/j.sste.2014.04.002
http://doi.org/10.1186/s12917-019-1800-5
http://doi.org/10.1016/S0301-6226(97)00098-5
http://doi.org/10.1111/tbed.12633
http://www.ncbi.nlm.nih.gov/pubmed/28303673
http://doi.org/10.1111/j.1865-1682.2011.01253.x
http://www.ncbi.nlm.nih.gov/pubmed/21831148
http://doi.org/10.1186/1746-6148-10-145
http://www.ncbi.nlm.nih.gov/pubmed/24992824
http://doi.org/10.1186/1746-6148-8-149
http://www.ncbi.nlm.nih.gov/pubmed/22935221
http://doi.org/10.3389/fvets.2016.00004
http://doi.org/10.3389/fvets.2019.00486
http://doi.org/10.1371/journal.pone.0061104
http://doi.org/10.2478/pjvs-2014-0097
http://doi.org/10.2478/jvetres-2019-0058
http://doi.org/10.3201/eid2505.181495
http://doi.org/10.1111/tbed.13650
http://doi.org/10.1111/tbed.12408
http://www.ncbi.nlm.nih.gov/pubmed/26392004
http://doi.org/10.1371/journal.pone.0178904
http://www.ncbi.nlm.nih.gov/pubmed/28599000
http://doi.org/10.1146/annurev-animal-021419-083741
http://doi.org/10.1017/S0950268815000862
http://doi.org/10.3201/eid1712.110430

Pathogens 2021, 10, 84 14 of 15

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.

79.

80.

81.

82.

83.

84.

85.

Pietschmann, J.; Guinat, C.; Beer, M.; Pronin, V.; Tauscher, K.; Petrov, A.; Keil, G.; Blome, S. Course and Transmission Characteris-
tics of Oral Low-Dose Infection of Domestic Pigs and European Wild Boar with a Caucasian African Swine Fever Virus Isolate.
Arch. Virol. 2015, 160, 1657-1667. [CrossRef]

Laddomada, A.; Rolesu, S.; Loi, E; Cappai, S.; Oggiano, A.; Madrau, M.P,; Sanna, M.L.; Pilo, G.; Bandino, E.; Brundu, D.; et al.
Surveillance and Control of African Swine Fever in Free-Ranging Pigs in Sardinia. Transbound. Emerg. Dis. 2019, 66, 1114-1119.
[CrossRef]

Lange, M.; Siemen, H.; Blome, S.; Thulke, H.-H. Analysis of Spatio-Temporal Patterns of African Swine Fever Cases in Russian
Wild Boar Does Not Reveal an Endemic Situation. Prev. Vet. Med. 2014, 117, 317-325. [CrossRef]

Smietanka, K.; Wozniakowski, G.; Kozak, E.; Niemczuk, K; Fraczyk, M.; Bocian, L.; Kowalczyk, A.; Pejsak, Z. African Swine
Fever Epidemic, Poland, 2014-2015. Emerg. Infect. Dis. 2016, 22, 1201-1207. [CrossRef]

Beltran-Alcrudo, D.; Arias, M.; Gallardo, C.; Kramer, S.; Penrith, M.L. African Swine Fever: Detection and Diagnosis—A Manual for
Veterinarians; FAO Animal Production and Health Manual; FAO: Rome, Italy, 2017; ISBN 978-92-5-109752-6.
Cadenas-Fernandez, E.; Sanchez-Vizcaino, ].M.; Pintore, A.; Denurra, D.; Cherchi, M.; Jurado, C.; Vicente, J.; Barasona, J.A.
Free-Ranging Pig and Wild Boar Interactions in an Endemic Area of African Swine Fever. Front. Vet. Sci. 2019, 6. [CrossRef]
[PubMed]

Bosch, J.; Rodriguez, A.; Iglesias, I.; Mufioz, M.].; Jurado, C.; Sanchez-Vizcaino, ].M.; de la Torre, A. Update on the Risk of
Introduction of African Swine Fever by Wild Boar into Disease-Free European Union Countries. Transbound. Emerg. Dis. 2017, 64,
1424-1432. [CrossRef] [PubMed]

Lu, Y;; Deng, X.; Chen, ].; Wang, J.; Chen, Q.; Niu, B. Risk Analysis of African Swine Fever in Poland Based on Spatio-Temporal
Pattern and Latin Hypercube Sampling, 2014-2017. BMC Vet. Res. 2019, 15. [CrossRef] [PubMed]

Croft, S.; Massei, G.; Smith, G.C.; Fouracre, D.; Aegerter, ] N. Modelling Spatial and Temporal Patterns of African Swine Fever in
an Isolated Wild Boar Population to Support Decision-Making. Front. Vet. Sci. 2020, 7. [CrossRef]

Pautienius, A.; Grigas, J.; Pileviciene, S.; Zagrabskaite, R.; Buitkuviene, J.; Pridotkas, G.; Stankevicius, R.; Streimikyte, Z.;
Salomskas, A.; Zienius, D.; et al. Prevalence and Spatiotemporal Distribution of African Swine Fever in Lithuania, 2014-2017.
Virol. J. 2018, 15. [CrossRef]

Gavier-Widén, D.; Stahl, K.; Neimanis, A.S.; Segerstad, C.H.; Gortazar, C.; Rossi, S.; Kuiken, T. African Swine Fever in Wild Boar
in Europe: A Notable Challenge. Vet. Rec. 2015, 176, 199-200. [CrossRef]

Carrasco-Garcia, R.; Barroso, P,; Perez-Olivares, J.; Montoro, V.; Vicente, ]. Consumption of Big Game Remains by Scavengers:
A Potential Risk as Regards Disease Transmission in Central Spain. Front. Vet. Sci. 2018, 5. [CrossRef]

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

Masiulis, M.; BuSauskas, P.; Jonusaitis, V.; Pridotkas, G. Potential Role of Domestic Pig Carcasses Disposed in the Forest for the
Transmission of African Swine Fever. Berl. Miinchener Tierirztliche Wochenschr. 2018, 131. [CrossRef]

Lange, M.; Thulke, H.-H. Elucidating Transmission Parameters of African Swine Fever through Wild Boar Carcasses by Combining
Spatio-Temporal Notification Data and Agent-Based Modelling. Stoch. Environ. Res. Risk. Assess. 2017, 31, 379-391. [CrossRef]
Pepin, KM.; Golnar, AJ.; Abdo, Z.; Podgérski, T. Ecological Drivers of African Swine Fever Virus Persistence in Wild Boar
Populations: Insight for Control. Ecol. Evol. 2020, 10, 2846-2859. [CrossRef] [PubMed]

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

EFSA Panel on Animal Health and Welfare (AHAW). Scientific Opinion on African Swine Fever. EFSA J. 2010, 8. [CrossRef]
Sanchez-Vizcaino, J.M.; Mur, L.; Bastos, A.D.S.; Penrith, M.L. New Insights into the Role of Ticks in African Swine Fever
Epidemiology. Rev. Sci. Tech. 2015, 34, 503-511. [CrossRef]

Boinas, F,; Ribeiro, R.; Madeira, S.; Palma, M.; de Carvalho, I.L.; Nuncio, S.; Wilson, A.J. The Medical and Veterinary Role of
Ornithodoros Erraticus Complex Ticks (Acari: Ixodida) on the Iberian Peninsula. J. Vector Ecol. 2014, 39, 238-248. [CrossRef]
Boinas, FS.; Wilson, A.J.; Hutchings, G.H.; Martins, C.; Dixon, L.]. The Persistence of African Swine Fever Virus in Field-Infected
Ornithodoros Erraticus during the ASF Endemic Period in Portugal. PLoS ONE 2011, 6. [CrossRef]

Vial, L.; Ducheyne, E.; Filatov, S.; Gerilovych, A.; McVey, D.S.; Sindryakova, I.; Morgunov, S.; Pérez de Ledn, A.A.; Kolbasov,
D.; De Clercq, E.M. Spatial Multi-Criteria Decision Analysis for Modelling Suitable Habitats of Ornithodoros Soft Ticks in the
Western Palearctic Region. Vet. Parasitol. 2018, 249, 2-16. [CrossRef]

De Carvalho Ferreira, H.C.; Weesendorp, E.; Quak, S.; Stegeman, J.A.; Loeffen, W.L.A. Quantification of Airborne African Swine
Fever Virus after Experimental Infection. Vet. Microbiol. 2013, 165, 243-251. [CrossRef]

Ribeiro, R.; Otte, J.; Madeira, S.; Hutchings, G.H.; Boinas, F. Experimental Infection of Ornithodoros Erraticus Sensu Stricto with
Two Portuguese African Swine Fever Virus Strains. Study of Factors Involved in the Dynamics of Infection in Ticks. PLoS ONE
2015, 10, e0137718. [CrossRef]

Mellor, PS.; Kitching, R.P.; Wilkinson, P.J. Mechanical Transmission of Capripox Virus and African Swine Fever Virus by Stomoxys
Calcitrans. Res. Vet. Sci. 1987, 43, 109-112. [CrossRef]

Saegerman, C.; Bonnet, S.; Bouhsira, E.; Regge, N.D.; Fite, J.; Etoré, E; Garigliany, M.M.; Jori, E; Lempereur, L.; Potier, M.FL.; et al.
An Expert Opinion Assessment of Blood-Feeding Arthropods Based on Their Capacity to Transmit African Swine Fever Virus in
Metropolitan France. Transbound. Emerg. Dis. 2020, 1-15. [CrossRef]


http://doi.org/10.1007/s00705-015-2430-2
http://doi.org/10.1111/tbed.13138
http://doi.org/10.1016/j.prevetmed.2014.08.012
http://doi.org/10.3201/eid2207.151708
http://doi.org/10.3389/fvets.2019.00376
http://www.ncbi.nlm.nih.gov/pubmed/31737649
http://doi.org/10.1111/tbed.12527
http://www.ncbi.nlm.nih.gov/pubmed/27354186
http://doi.org/10.1186/s12917-019-1903-z
http://www.ncbi.nlm.nih.gov/pubmed/31118049
http://doi.org/10.3389/fvets.2020.00154
http://doi.org/10.1186/s12985-018-1090-8
http://doi.org/10.1136/vr.h699
http://doi.org/10.3389/fvets.2018.00004
http://doi.org/10.1098/rsos.170054
http://doi.org/10.2376/0005-9366-18014
http://doi.org/10.1007/s00477-016-1358-8
http://doi.org/10.1002/ece3.6100
http://www.ncbi.nlm.nih.gov/pubmed/32211160
http://doi.org/10.1186/s40813-015-0013-y
http://www.ncbi.nlm.nih.gov/pubmed/28405426
http://doi.org/10.2903/j.efsa.2010.1556
http://doi.org/10.20506/rst.34.2.2375
http://doi.org/10.1111/jvec.12098
http://doi.org/10.1371/journal.pone.0020383
http://doi.org/10.1016/j.vetpar.2017.10.022
http://doi.org/10.1016/j.vetmic.2013.03.007
http://doi.org/10.1371/journal.pone.0137718
http://doi.org/10.1016/S0034-5288(18)30753-7
http://doi.org/10.1111/tbed.13769

Pathogens 2021, 10, 84 15 of 15

86.

87.

88.

89.

90.

Olesen, A.S.; Lohse, L.; Boklund, A.; Halasa, T.; Gallardo, C.; Pejsak, Z.; Belsham, G.J.; Rasmussen, T.B.; Botner, A. Transmission of
African Swine Fever Virus from Infected Pigs by Direct Contact and Aerosol Routes. Vet. Microbiol. 2017, 211, 92-102. [CrossRef]
[PubMed]

Olesen, A.S.; Lohse, L.; Boklund, A.; Halasa, T.; Belsham, G.J.; Rasmussen, T.B.; Botner, A. Short Time Window for Transmissibility
of African Swine Fever Virus from a Contaminated Environment. Transbound. Emerg. Dis. 2018, 65, 1024-1032. [CrossRef]
[PubMed]

Baldacchino, F.; Muenworn, V.; Desquesnes, M.; Desoli, F.; Charoenviriyaphap, T.; Duvallet, G. Transmission of Pathogens by
Stomoxys Flies (Diptera, Muscidae): A Review. Parasite 2013, 20. [CrossRef]

Herm, R.; Tummeleht, L.; Jiirison, M.; Vilem, A.; Viltrop, A. Trace Amounts of African Swine Fever Virus DNA Detected in Insects
Collected from an Infected Pig Farm in Estonia. Vet. Med. Sci. 2020, 6, 100-104. [CrossRef]

Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—A Web and Mobile App for Systematic Reviews. Syst. Rev.
2016, 5. [CrossRef]


http://doi.org/10.1016/j.vetmic.2017.10.004
http://www.ncbi.nlm.nih.gov/pubmed/29102127
http://doi.org/10.1111/tbed.12837
http://www.ncbi.nlm.nih.gov/pubmed/29457702
http://doi.org/10.1051/parasite/2013026
http://doi.org/10.1002/vms3.200
http://doi.org/10.1186/s13643-016-0384-4

	Introduction 
	Results and Discussion 
	Biosecurity 
	Swill Feeding and Slaughtering on Farm 
	Trading of Pigs and Products 
	Human Activity Factors and Farm Management 
	Sociocultural Risk Factors 
	ASF in Wild Boars as a Risk for Neighbouring Farms 
	Ticks and Other Blood Feeding Arthropods 

	Materials and Methods 
	Conclusions 
	References

