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Abstract

Background: The uncontrolled presence of African swine fever (ASF) in Russian Federation (RF) poses a serious risk
to the whole European Union (EU) pig industry. Although trade of pigs and their products is banned since the
official notification in June 2007, the potential introduction of ASF virus (ASFV) may occur by other routes, which
are very frequent in ASF, and more difficult to control, such as contaminated waste or infected vehicles. This study
was intended to estimate the risk of ASFV introduction into the EU through three types of transport routes:
returning trucks, waste from international ships and waste from international planes, which will be referred here
as transport-associated routes (TAR). Since no detailed and official information was available for these routes,
a semi-quantitative model based on the weighted combination of risk factors was developed to estimate the risk
of ASFV introduction by TAR. Relative weights for combination of different risk factors as well as validation of the
model results were obtained by an expert opinion elicitation.

Results: Model results indicate that the relative risk for ASFV introduction through TAR in most of the EU countries
(16) is low, although some countries, specifically Poland and Lithuania, concentrate high levels of risk, the returning
trucks route being the analyzed TAR that currently poses the highest risk for ASFV introduction into the EU. The
spatial distribution of the risk of ASFV introduction varies importantly between the analyzed introduction routes.
Results also highlight the need to increase the awareness and precautions for ASF prevention, particularly ensuring
truck disinfection, to minimize the potential risk of entrance into the EU.

Conclusions: This study presents the first assessment of ASF introduction into the EU through TAR. The innovative
model developed here could be used in data scarce situations for estimating the relative risk associated to each
EU country. This simple methodology provides a rapid and easy to interpret results on risk that may be used for a
target and cost-effective allocation of resources to prevent disease introduction.
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Background
African swine fever (ASF) is one of the most devastating
diseases of swine due to the high mortality caused (mainly
in the hyper-acute and acute forms of the disease), the ab-
sence of effective vaccine, and the severe trade restrictions
associated with its presence in the affected areas. ASF is
caused by the infection of ASF virus (ASFV) which is trans-
mitted by direct contact with fluids and excretions from
infected animals. Blood, widely present in hyper-acute and
acute forms of the disease, is considered the major route of
direct transmission, containing high titers of virus for long
lasting periods [1]. Other common ways of ASFV infection
are the bites of infected ticks, and the indirect contact with
various contaminated fomites and pig products, where
ASFV remains infectious for long periods. As an example,
ASFV infectivity persists more than 1000 days in frozen
meat [2], 15 weeks in putrefied blood stored at room
temperature [3] and one month in contaminated pig pens
[4]. This long ASFV persistence explains that the introduc-
tion of contaminated pork meat or other pig products from
international transports and, its eventual use to feed pigs, is
one of the most frequents ways for ASFV introduction into
free territories. For example, this route has been hypothe-
sized to be the way of introduction in Europe, specifically in
Portugal in 1957, in the Caribbean sea (Cuba) in 1971, in
South America (Brazil) in 1978, Belgium in 1985 or, re-
cently, in Georgia in 2007 [5].
Other fomites (e.g. vehicles, animal feed, veterinarians

or contaminated material) have been also identified as
important routes for pig diseases introduction/spread
into free-territories [6]. In fact, returning trucks have
been identified as one of the most important ways of
spread of diseases such as classical swine fever (CSF) by
studies performed in Denmark and The Netherlands
[7,8]. Unfortunately, the risk associated to this route is
not easy to be quantified, mainly because of the lack of
detailed information and the need to estimate large
number of parameters which increases the complexity
and uncertainty of the models to be used. Some studies
have assessed the introduction of some animal diseases
through returning trucks in specific regions or countries
[7,8] or through illegal meat [9]. Other were aimed to
estimate the exposure of susceptible populations to swill
or catering waste (e.g. [10-12]) in countries such as Den-
mark, The Netherlands, United States of America or
United Kingdom. Even, recently published studies
addressed the risk of ASFV introduction by imports of
pigs [13]. However, to the best of the author´s know-
ledge, no studies have assessed the risk of ASFV intro-
duction through transport-associated routes (TAR) in
the whole European Union (EU).
After the introduction in Georgia in 2007, the spread

of ASFV into Trans Caucasian countries (TCC) and
Russian Federation (RF) territories has caused more than
200 notifications, with more than 120000 animals culled
in the area [14]. Currently, ASFV spread is not con-
trolled within RF, with continuous occurrence of out-
breaks. Moreover, some of those outbreaks have been
notified in very distant regions (>2500 km) from the
initial outbreaks and are close (<150 km) to the EU bor-
ders [15]. In response to this situation, the EU author-
ities carried out some scientific studies to estimate the
risk of ASFV introduction into the EU [16], which high-
lighted the need for the proper disinfection of returning
livestock vehicles coming from affected areas [17].
Considering i) the severe sanitary and economic im-

pact of ASF in the affected territories, ii) the current
situation out of control in RF [15]; iii) the closeness of
some ASFV outbreaks to the EU borders and iv) the
evident concern of the EU authorities regarding the risk
associated with returning trucks [17], it was considered
valuable to estimate the potential risk of ASFV introduc-
tion into the EU by TAR. The semi-quantitative model
presented here provides a simple and transparent
method to interpret results, identifying the most critical
TAR for each country and ranking the countries based
on their relative risk for ASFV introduction.

Methods
The study presented here was aimed to estimate
what the World Organization for Animal Health (OIE)
guidelines of risk analysis referred to as “release or entry
assessment” [18] for the three TAR analyzed. As we have
no information and detailed data regarding the subse-
quent infection associated with contaminated trucks and
with the potential illegal use of waste for animal feeding
purposes for each of the 27 EU countries, exposure
assessment was not evaluated in this work.
In collaboration with the Veterinary Epidemiology and

Public Health group from the Royal Veterinary College
(RVC) a semi-quantitative risk assessment model was
developed to estimate the risk of ASFV introduction by
the selected routes, using the combination of principles
from the knowledge driven spatial models [19] and
expert opinion elicitation methods previously used in
other animal health risk assessments [20,21]. Risk factors
related with the risk of ASFV introduction by each route
were selected based on literature review. Information for
these risk factors was gathered and further combined
weighting their importance by expert opinion (EO) to
obtain the relative risk for each country by each route.
Consequently, this study was structured in three con-
secutive steps: (1) risk pathways definition, (2) likelihood
estimation, and, (3) sensitivity analysis.

Risk pathways definition
The goal of the study was to estimate the spatial vari-
ation of the risk of ASFV introduction into the EU
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countries by TAR and to identify the TAR at highest risk
for ASFV entrance in each specific country. Based on
historical data, current awareness and previous works
[16] about ASF risk of introduction into EU, three TAR
were considered in the model. The first one was referred
as returning trucks and was intended to measure the
probability of ASFV introduction into the EU by poten-
tially contaminated livestock vehicles (i.e.. trucks) com-
ing from affected areas. The second TAR was the waste
disposal from international ships, which historically, has
been one of the most important ways for ASFV intro-
duction into free areas. The third TAR was the waste
from international planes.

Likelihood estimation
An intensive literature review was performed to select
and collect information about the risk factors that could
be used to estimate the risk of ASFV introduction by
each of the considered TAR pathways. Those risk fac-
tors, for which complete, reliable and updated data was
available for all the EU countries, were selected for the
model calculations. Sources of data, main assumptions
and uncertainty associated to each of these risk factors
have been summarized in Table 1.
The risk associated with returning trucks was esti-

mated using three risk factors which were: (1) number
of pig exports toASF-affected countries (i.e RF and
TCC) (2) number of road border cross points with non
EU countries (except borders with Switzerland, Lichten-
stein and Norway) and (3) proportion of returning
trucks not being properly disinfected. This last risk fac-
tor was defined using three different scenarios that allow
the evaluation of the effect of preventive measures (i.e.
high, medium and low percentage of truck disinfection)
on the final risk values. For final calculations, medium
scenario proportion of truck not properly disinfected
was selected for all the countries.
In order to estimate the risk associated with waste dis-

posal from international ships, we used the volume of
goods and number of persons transported by different
types of ships as an indicator of the volume of the
potential contaminated products arriving by ships to the
EU. For the purpose here, only movements coming from
ASF-infected countries were considered for the analysis.
Particularly, four different types of ship movements were
considered, based on EUROSTAT official classification.
The first type is cargo ships, which includes all type of
ships for transporting goods. The second type is passen-
ger ships, which includes ferries and other boats used
for human transportation, excluding cruises. Short sea
shipping (SSS) is the third type of ships, which includes
movements of goods within small seas. Specifically here,
only movements in Baltic and Black sea were consid-
ered, as they are surrounded by ASF infected countries.
The fourth and final type of boat is cruises, particularly,
only cruisers with at least one call in an ASF-infected
country (African countries and RF) were considered in
the analysis.
Similar to boat waste estimation, the number of com-

mercial flights coming from ASF-affected areas was
selected as risk factor for the volume of potential ASF-
contaminated waste arriving by plane to the EU.

Risk factor standardization
Country data for each risk factor was obtained and fur-
ther standardized into the same comparable scale to
allow their comparison and further combination. Specif-
ically, for each risk factor, data values of all the EU coun-
tries were transformed into six categories based on
country data distribution. These categories are based on
Natural Breaks of the data countries values for the spe-
cific risk factor, further adjusted using the Jenks
optimization method of ArcGIS 9.3 (ESRI) [26]. For each
RF, countries values were transformed into values from
0 to 5. For each category, a risk level was assigned, con-
sidering the following ranking: negligible (0); very low
(>0 - ≤1); low (>1- ≤2); medium (>2 - ≤3); high (>3 -
≤4); very high (>4).

Expert opinion elicitation
Final results for each TAR were obtained by the
weighted combination of the risk factor categories. To
estimate the importance and consequent weight for each
risk factor and route, an EO panel session was per-
formed in Lisbon, September 23rd 2011, during the
ASFRISK symposium. EO elicitation process have been
widely used in many fields (engineering, sciences, social
or medical research among others) to deal with uncer-
tainties and gather information on parameters not for-
mally described in literature. These methods are based
on the opinions or judgments of experts in the specific
field to be covered [27]. In this case, the group of
experts included twenty-three international experts, with
wide experience on animal health risk management,
including three CVOs from EU countries, eight repre-
sentatives from EU CVOs, and representatives from
FAO, OIE, DG SANCO and Russian Agriculture Minis-
try, and highly experienced researchers in ASF.
The selected methodology for developing the EO ses-

sions was a Delphi modified method, similarly to those
used by Gale et al. and Gallagher et al. in previous
works. Following basic steps of Delphi method, first of
all, experts were given an introduction about the goal of
the risk assessment, the structure and risk factors of the
model, as well as the instructions for voting. Each expert
was given an electronic remote control device associated
with an interactive presentation. This system guarantees
the anonymity of the votes and enables the on time



Table 1 Description of the risk factors used in the model for ASFV introduction into EU by TAR

Name Risk factors Parameter to be estimated Data source Assumptions Uncertainty

P1 Number of live pigs exported
from EU to ASF-affected countries
by road

Number of potential ASF
contaminated returning trucks

[22]
(Nov. 2007–2009)

Only pig exports to TCC and RF were
considered.

Other type of trucks could also get
in contact with ASFV in affected areas;
however the most probable is that a
pig truck enters into a farm.

It was assumed that trucks that export
live pigs may enter into a farm and
potentially become contaminated
with ASFV.

P2 Number of the roads crossing
EU national boundaries with
non-EU states

Number of ways (and consequently,
facility) of a truck to arrive by road
to an EU country from non-EU
countries.

[23] Borders with all non-EU member states
were included except members of the
European Free Trade Association
(Switzerland, Lichtenstein, Norway).

Other factors such as cultural relations,
effectiveness and quality of controls or
topography, were not considered.

It was assumed that higher number of
cross border points, implies higher
number of connections, and consequently
easier to share trucks movements.

P3 Three scenarios were used to
approximate the proportion of
returning trucks not properly
disinfected

Returning trucks not properly
disinfected

[7] Despite disinfection of returning trucks
from ASF affected areas is mandatory,
this measure is not always 100% effective.

As no field data is available related with
efficiency of this measure, common
scenarios were used for the 27 EU
countries. If known, differences between
countries may be simulated within the
model by the selection of different
scenarios in each country.

For the best scenario, a 5% of returning
trucks not properly disinfected was
assumed, 15% for the medium scenario,
and 25% for the worst case scenario.

P4 Inward number of cargo ships
from ASF-infected countries
to EU ports

Potential ASF-contaminated waste
introduced by cargo ships

[22]; [14] Imports of goods were considered
without differences between products.
More volume of goods implies more
waste.

Catering used in the cargo ship not
necessary comes from the departure
country.

P5 Inward number of passenger
ships coming from ASF-infected
countries to EU

Potential ASF-contaminated waste
introduced by passenger ships
(excluding cruises)

[22]; [14] More passengers imply more catering
and consequently, more waste.

Passenger ships not always have catering
and do not imply that food comes from
origin countries.

P6 Short sea shipping (SSS) ships
coming from ASF-infected
countries to EU

Potential ASF-contaminated waste
introduced by SSS movements

[22]; GIS Volume of goods transported by SSS
movements by Baltic and Black sea.
Only two sea regions were considered as
potential risk for ASF introduction
(Baltic and Black sea).

Higher volume of transported products
not always implies higher number of
crew on the boat and consequently
higher volume of catering and food
brought from origin countries.

P7 Proportion of cruise ships
coming from ASF-affected areas
by country

Potential ASF-contaminated waste
introduced by cruises

P7 ¼ CAi
Cp=p½ � Assuming that these cruises bring

catering food from departure or call
countries.

A potential stop in an affected country
does not always imply use of food from
this country.

Unknown origin of cruise catering
increase uncertainty of this measure.
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Table 1 Description of the risk factors used in the model for ASFV introduction into EU by TAR (Continued)

CA Number of cruise ships arriving at
EU ports after one stop in
ASF-infected areas.

[24] Assuming a similar number of cruises
and origins in the different years.

Data from one year to another may
change

Cp Number of cruise passengers
arriving at EU ports (Cp)

[22] Data from one year to another may
change

P Average number of passenger by
cruise ship was used to estimate
number of cruisers (P)

[25] Assuming a similar number of passengers
by cruise.

Different types of cruises with different
capacities could affect the final
estimation

P8 Commercial passenger flights
from ASF-infected countries to
EU airports

Potential contaminated waste
introduced by international
passenger flights

[22];[14] It was assumed that commercial flights
from affected areas could potentially bring
food from origin countries. The higher the
number of flights from ASF-infected
countries, the higher the risk of using ASF
contaminated products.

Unknown origin of the catering increase
uncertainty of this measure.

Detailed data about assumptions, uncertainties and data source of each risk factor used in the model was included in the table.
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Figure 1 Distribution of the relative risk for ASFV introduction into the EU by transport-associated routes.
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review of the votes, allowing the discussion and com-
ments about them on the same session.
During the EO session, experts answered ten closed

questions with a number of possible answers, for the
comparison of the importance of each risk factor by
route and within routes. The results of the EO were
combined assigning equal weights to all the experts,
which allows to obtain the weights by RF and route.
These weights were computed using the percentage of
votes that considered each RF/route as the highest risk
for ASFV introduction.

Combining the results
Once all the weights were obtained by EO and each risk
factor value was standardized, both were combined in
order to obtain the relative risk of ASF introduction into
Figure 2 Relative risk of ASFV introduction by returning trucks when
were used to approximate the proportion number of returning trucks not
and c) 25% (worst scenario).
the EU by TAR (RRTAR). The way to combine these risk
factor values (numerical values) was a linear weighted
model, similar to those used in the knowledge driven
models [19], using the weights obtained during the EO
elicitation. The detailed explanation of this combination
is described in the following formulas:

RRTAR ¼
Xn
i¼1

0:65ðR:T½ Þ þ 0:24ðW:SÞ þ 0:11ðW:P Þ�

RRTAR ¼
Xn
i¼1

h
0:65 0:33P1iþ 0:33P2iþ 0:33P3ið Þ

þ0:24 0:33P4iþ 0:42P5iþ 0:24P6ið
þ0:01P7iÞ þ 0:11P8i

i

where n is the number of countries evaluated for ASF-
TAR risk in the EU, R.T. is the risk value for returning
considering three different scenarios. Three different scenarios
properly disinfected a) 5% (best scenario), b) 15% (medium scenario)



Figure 3 Relative risk of ASFV introduction into EU by waste from international ships.
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trucks route and, WS and WP are the risk values for
waste disposal from ships and planes, respectively. The
second formula disaggregates the routes by risk factors
used for its calculations, which definitions, data sources
and uncertainties are explained in Table 1.
The final risk values were translated into qualitative

results, following the same risk categories explained be-
fore, to facilitate the comprehension of the results.
Figure 4 Relative risk of ASFV introduction into EU by waste from car
waste from cargo ships are represented with detail of the origin and destin
countries (b).
Sensitivity analysis
All weights used in the model were analyzed in the sen-
sitivity analysis (SA) by the 25% increase and decrease
from their initial values, considering twenty different SA
scenarios. Results obtained in each of these twenty SA
scenarios were compared with the results obtained in
the reference model (Figure 1). Correlation between
results of these scenarios and the reference results was
go ships. Results for the relative risk of ASFV introduction into EU by
ation of imports coming from Africa (a) and European ASF-infected



Figure 5 Relative risk of ASFV introduction into EU by waste from international flights. EU airports are shown in green dots graduated by
the volume of extra-EU flights coming from ASF affected areas.
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calculated by using the Spearman correlation coefficient
(Rho) calculated with R-language (v. 2.14.1, R Founda-
tion for Statistical Computing, Vienna, 2010). Addition-
ally, the number of countries changing their risk
category in the SA scenarios was represented.
All results were represented using choropleth maps

with ArcGIS 9.3.1 (ESRI).

Results
Most of the EU countries (16 over 27) presented a low
level of risk for ASFV introduction by TAR (RRTAR).
Figure 6 Correlation between sensitivity analysis scenarios changing
number of countries that changed their risk category in the different scena
The minimum risk (0.53) was located in Malta and the
maximum risk (3.52) in Poland. The countries at highest
risk were Poland and Lithuania followed by Finland,
Estonia and Germany, with medium risk (Figure 1).
The highest risk for ASF introduction was associated

with returning trucks, accounting for the 65% of the
total TAR risk. In the scenario with medium proportion
of disinfected trucks, Poland had an estimated very high
risk (Figure. 2) followed by Lithuania with high risk, and
Estonia, Finland, Latvia and Romania, with medium risk,
being all of them neighboring countries to current
risk factor weights (+− 25%) and the reference model results. The
rios is represented near the line.
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affected area of RF. As it is shown in Figure 2, the level
of disinfection of trucks meaningfully changes risk
categories, from level two (low risk) in the case of
Romania for the best-case scenario, to level four (high
risk) in the worst-case scenario.
Waste from international ships was the second most

relevant pathway in terms of risk. Risk map for this
pathway (Figure 3) highlighted Finland with a very high
risk, followed by several countries with a medium risk.
Nevertheless, some countries concentrated very high risk
of ASFV introduction associated to specific types of
ships. For movements of passengers, considered as the
most important type of ship movements by EO, only
Finland and Poland registered movements from ASF
affected areas, concentrating a very high and medium
risk, respectively. In the case of cargo ships, the second
most important boat type, four countries concentrated a
very high level of risk (Figure 4). The detailed analysis of
this type of movements revealed that the main origin
of these cargo ships movements was RF, followed
by Nigeria and Angola, however different patterns of
risk were found among destination countries. For SSS
movements, four countries surrounding the Baltic sea
(Denmark, Finland, Lithuania and Sweden) as well as
Bulgaria in the Black sea, concentrated very high levels
of risk. For cruise movements only five North European
countries concentrated very high risk levels, although
the relative importance of this type of movements was
considered low by EO.
Finally, waste from international planes was the path-

way posing highest risk for United Kingdom, France and
Germany (Figure 5). The main EU airports are repre-
sented in Figure 5 using graduated symbols based on the
number of extra-EU commercial flights received from
ASF-affected countries.
SA revealed that the model is robust. The lowest

correlation coefficient obtained between the reference
scenario and each of the different SA scenarios was
Rho = 0.97 (p < 0.01) (Figure 6). Analyzing the impact
that changes in inputs had on the country risk category,
none of the countries experienced a change greater than
one category. All these findings revealed that substantial
changes of 25% in the initial weight values do not mean-
ingfully affect final risk results.

Discussion
This is the first study aimed to assess the risk of
ASFV introduction into the EU associated to TAR.
Current presence of the disease without control in
areas of RF close to the EU borders, together with
results of the EFSA advise [16], other studies [28] and
recent published legislation [17], point out the im-
portance that illegal trade and other potential path-
ways such as transport fomites may have in the ASFV
introduction into the EU, which remarks the import-
ance of the study here.
However, the estimation of TAR is not a simple task.

Vehicles and waste from international means of trans-
port have been frequently suggested as a potential route
for disease spread, specifically for ASFV introduction
into free areas [29,30]; but no studies have quantified
this risk. The lack of information for these TAR does not
allow to use traditional risk assessment models making
necessary to develop alternative approaches to analyze
the risk of ASFV introduction by these pathways. The
methodology proposed here combines methods used in
the knowledge driven models used for spatial modeling
of diseases [19] as well as methods for the risk estima-
tion based on expert opinion elicitation [20,21]. More-
over, we used available data on risk factors, conveniently
standardized, weighted by EO and linearly combined (as
done in spatial modeling), to estimate the relative risk of
TAR in the different EU countries. Although results
should be cautiously interpreted considering all the
assumptions and uncertainties associated with the model
structure and data used, the approach is believed to
be useful to evaluate the TAR risk. This study was
specifically performed considering the selected routes of
entrance, and, importantly, the specific characteristics
of the pathogen, for the risk tended to be estimated. For
example, the long survival of ASFV in all kind of meat and
infected products allows to measure the risk based on
potential incoming volumes of infected material, without
considering the survival time of the virus on it. However,
when adapting the methodology presented here for other
animal diseases or routes of entrance, this important fea-
ture, as well as many other specific characteristics and
parameters, should be modified conveniently to incorpor-
ate the features of the disease under study.
One of the most important aspects to be considered

is that the model does not provide probabilities, but com-
pares the relative risk between the 27 EU countries based
on the risk factors evaluated. Indeed, a high value on the
model results does not imply an absolute high level of risk,
but a higher one compared with other EU members. On
the other hand, the selection of information for each of
the risk factors used in the model is influenced by the
quality and availability of data sources for the 27 EU coun-
tries. For example, the degree of cleaning of returning
trucks is based on scenario rather than real data due to
the absence of this data for each of the EU countries.
Therefore the results presented here depend on the
quality and reliability of this data. It is important to
consider also that the model only estimates the risk
of entrance/release of potential ASFV-contaminated
material/transports, but does not consider the subse-
quent exposure of the susceptible livestock population
in the destination country.
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Another idiosyncrasy of the model is the use of
weights obtained by EO for combination of risk factor
and pathways. EO process is a valuable method widely
use when no other “more objective” information is
available (i.e. literature, etc.) and particularly for the esti-
mation of complex parameters or parameters with sig-
nificant uncertainties, as some of the presented in this
study. Particularly, Delphi approach is one of the most
frequently used methods of EO that originally does not
allow for interaction between the experts [27]. However,
in this study small modifications were made by the little
interaction between experts during the results presenta-
tion and the use of electronic devices for voting. This
technique implies many advantages, being an adequate
way to collect information for solving problems. How-
ever, the lack of universal guidelines or standardized
procedures for its performance could arrive into difficul-
ties that should be cautiously considered [31]. Some pro-
blems of the technique could be derived from the
inappropriate selection of the experts, the lack of previ-
ous information, the inadequate performance of the
questionnaire or the combination of the results. Never-
theless, this method may provide a more realistic and
updated view of the scenarios under evaluation, in this
case related with ASF risk, based on the experts valuable
experience. Moreover, and because weights used in the
weighted combination of the risk factor are a critical as-
pect of the model, an intensive SA was performed in
order to identify the impact of these estimated weights
in the final results. This SA reveals that the model is
robust and do not significantly change when changing
the weights provided by EO. In fact, none of the coun-
tries changed more than one category in the different
SA scenarios evaluated. For example, the 25% decrease
on the weight of returning trucks, which is the scenario
with lowest correlation coefficient (Rho = 0.97), affected
categories of seven countries. Most of them (three coun-
tries) changed from low to very low risk, two decreased
from medium to low risk, and two from high to medium
risk. These changes result in a very similar risk map, but
with a slight difference of risk category in these coun-
tries, which confirms the robustness of the model.
At the same time, the use of different scenarios in

some of the measured parameters allows Animal Health
(AH) Authorities in each EU country to have the possi-
bility to select the scenario that more realistically repre-
sents their current situation based on their expert
opinion. For example, we are providing three different
results based on certain assumptions, but AH Author-
ities may consider that for their countries only the sce-
nario one is realistic, so they will have the possibility to
select it and visualize the correspondent outputs. This
flexibility, as well as, the easy update and the possibility
of incorporation of more detailed information (if
available for some countries) instead of being considered
a limitation, is considered as one of the main strengths
of the model.
Model results reveal that the median of the risk values

for ASFV by TAR in the 27 EU countries is low (for 16
of the 27 EU countries), although big differences were
found between countries and pathways. An expected
result of the model is that EU countries closer to RF and
TCC borders are the ones at higher risk for ASFV intro-
duction by TAR, being Lithuania and Poland the coun-
tries at higher risk for ASFV entrance, followed by
Finland, Estonia and Germany. Returning trucks is the
TAR at highest risk for ASFV introduction into the UE,
being almost three and six times more important than
waste from ships and planes, respectively. This result is in
agreement with the EU commission risk perception which
recently approved a legislation [17] that strengthen and
remind the importance of cleaning and disinfection for
returning livestock vehicles coming from affected areas.
In fact, the differences found in the results of the three
scenarios for the disinfection of trucks (Figure 2) high-
light the importance of that measure in preventing the
entrance of animal diseases into free territories. On the
other hand, ships waste has two times higher risk than
plane waste. Ships waste has been recently suggested as
the origin of the outbreaks in the Caucasus region [5],
which may have influenced the opinion of the experts
regarding their weights. Again we should highlight that
the risk associated to ships and planes waste would de-
pend not only on the release in the EU country, but on
the final exposure, or contact, with susceptible popula-
tions, and this fact has not been measured on this work.
The analysis in detail of the results obtained for the

different countries and the different analyzed pathways
give us a better characterization of the risk. For example,
in the case of Lithuania, although it has an overall high
risk of ASF introduction by TAR, this risk is mostly
associated to trucks, but not to waste from international
ships or planes. These results are certainly influenced by
the geographic location of the country, close to the
current affected area, and the intense commercial rela-
tions with RF, which has been demonstrated by the
amount of pig exports to this country. The opposite case
is Germany that resulted in a medium risk for the over-
all TAR, but only a very low level for returning trucks.
In this case the presence of most of the EU airports
(50%, five over ten) that receive large number of flights
from ASF-affected countries [22] determines the high
level of risk associated to waste from planes. Similarly,
Germany is a very important country in maritime trade
(cargo ships, SSS and cruises) which explains also the
high risk associated to waste from ships. Other countries
with high risk associated to waste from planes are
France and United Kingdom, where the two most
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important airports in terms of number of flights coming
from ASF-affected countries (Charles de Gaulle and
Heathrow, respectively) are located (Figure 5).
Another interesting result is related with the big differ-

ences found among the different ship types. Although
Finland is the unique country that concentrates an aver-
age very high risk for waste from ships pathway, other
countries are only highlighted when a specific type of
ship movements is analyzed. For example, Bulgaria has
an estimated very high risk by SSS movements through
Black sea, particularly associated with the port of Burgas,
the second most important port in the Black sea [32].
Several countries surrounding the Baltic sea (Denmark,
Finland, Lithuania or Sweden among others) are also
highlighted in SSS movements and cruises, mainly due
to their geographical closeness and trade with RF.
However, the most interesting results are related with

waste from cargo ships, for which, four countries con-
centrate very high risk (France, Italy, the Netherlands
and Spain). The detailed analysis of these movements,
considering origin and EU destination ports, reveals
some interesting differences among these countries. For
example, in Netherlands, the risk both from RF as well
as from Africa (mainly from Angola and Nigeria) is par-
ticularly concentrated in the port of Rotterdam, the one
that receives the biggest amount of potentially risky
cargo ships (those coming from ASF-affected countries)
in the EU. However, in Spain the risk is more distribu-
ted, with two important ports receiving high number of
cargo ships from Africa and other two from RF. In this
particular case, these countries with the same level of
risk present different profiles with one or several import-
ant ports in terms of risk. This fact enhances the import-
ance of the detailed analysis of these results (represented
in Figures 2, 3, 4 and 5) that could be much more in-
formative to the policy makers than the general overview
of the results (Figure 1).
Authors believe that this model has an important lo-

gical and biological approach as its results reflect areas
and pathways identified at high risk by experts. This
kind of models built using a simple and easy to under-
stand methodology, are faster to develop and easier to
interpret compared with the quantitative ones, and are
particularly suitable when few information is available.
For this reason this model may be considered as an ad-
equate alternative in data scarce situations to provide a
scientific support to risk managers, and ultimately, to
prevent animal diseases introduction in free territories.

Conclusions
We developed a semi-quantitative new risk assessment
approach to estimate the relative risk for ASFV into each
EU country associated with TAR. The absence of avail-
able data for this pathway and the complexity of the
estimations due to the huge uncertainties associated,
lead us to develop a semi-quantitative model based on
the use of risk factors as risk estimators. The results of
the model indicate that the median risk of ASF introduc-
tion in EU countries is low and mainly associated to
returning trucks, although some countries concentrate
higher levels of risk such as Poland and Lithuania. Meth-
ods and results of this study may help to allocate surveil-
lance and other risk reduction measures to prevent or
minimize the potential impact of ASF introduction into
the EU.

Competing interests
The authors declare that they have no competing interests.

Author’s contribution
LM, BML and JMSV designed the model structure, the expert opinion session
and decided the methodology to be used in the study. LM performed the
data collection and model development. BML and JMSV critically reviewed
the model results and suggested changes and adaptations to improve the
quality of the study. All authors participated in drafting the manuscript, and
have read and approved the final manuscript.

Acknowledgements
We thank the valuable collaboration in the methodology performance of
Dirk Pfeiffer, Barbara Wieland and Solenne Costard from the Royal Veterinary
College and Ana de la Torre from CISA-INIA. This work was funded by EU
ASFRIK project (EC, FP7-KBBE-2007-1, Project #211691) and the Spanish
Ministry of Agriculture Food and Environment. Lina Mur holds a scholarship
from Spanish Ministry of Education, Culture and Sports (FPU program).
Authors would like to acknowledge the participation of all the experts in the
Expert Opinion Elicitation developed in Lisbon, 23rd September. Dirk Pfeiffer,
Barbara Wieland, Solenne Costard and Briony Jones

Received: 23 February 2012 Accepted: 12 July 2012
Published: 30 August 2012

References
1. McVicar JW: Quantitative aspects of the transmission of African swine

fever. Am J Vet Res 1984, 45:1535–1541.
2. Adkin A, Coburn H, England T, Hall S, Hartnett E, Marooney C, Wooldridge

M, Watson E, Cooper J, Cox T, Seaman M: Risk assessment for the illegal
import of contaminated meat and meat products into Great Britain and the
subsequent exposure of GB livestock (IIRA): foot and mouth disease (FMD),
classical swine fever (CSF), African swine fever (ASF), swine vesicular disease
(SVD). New Haw: Veterinary Laboratories Agency; 2004.

3. USDA: African Swine Fever. In Keeping America Free From Foreign Animal
Diseases. Volume 2. Riverdale, USA: United States Department of Agriculture.
Animal and Plant health inspection services; 1997.

4. Spickler AR, Roth JA: African swine fever. In Book African swine fever. City:
Iowa State University, College of Veterinary Medicine; 2011.

5. Beltran-Alcrudo D, Lubroth J, Depner K, De la Roque S: African swine fever in
the Caucasus. EMPRES watch. 2008.

6. Morilla A: Las enfermedades virales emergentes de los cerdos. Ciencia
veterinaria 2003, 9:197–219.

7. Bronsvoort BMD, Alban L, Greiner M: Quantitative assessment of the
likelihood of the introduction of classical swine fever virus into the
Danish swine population. Prev Vet Med 2008, 85:226–240.

8. de Vos CJ, Saatkamp HW, Nielen M, Huirne RB: Scenario tree modeling to
analyze the probability of classical swine fever virus introduction into
member states of the European Union. Risk Anal 2004, 24:237–253.

9. Wooldridge M, Hartnett E, Cox A, Seaman M: Quantitative risk assessment case
study: smuggled meats as disease vectors. Rev Sci Tech 2006, 25:105–117.

10. Adkin A, England T, Hall S, Coburn H, Marooney CJ, Seaman M, Cooper J,
Hartnett E: Estimating the risk of exposure of British livestock to
foot-and-mouth disease associated with the importation of ship and
aircraft waste. Vet Rec 2008, 163:235–240.



Mur et al. BMC Veterinary Research 2012, 8:149 Page 12 of 12
http://www.biomedcentral.com/1746-6148/8/149
11. Corso B: Likelihood of introducing selected exotic diseases to domestic
swine in the continental United States of America through uncooked
swill. Rev Sci Tech 1997, 16:199–206.

12. Gale P: Risks to farm animals from pathogens in composted catering
waste containing meat. Vet Rec 2004, 155:77–82.

13. Mur L, Martinez-Lopez B, Martinez-Aviles M, Costard S, Wieland B,
Pfeiffer DU, Sanchez-Vizcaino JM: 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.

14. WAHID database. Disease information. http://web.oie.int/wahis/public.php?
page=disease_immediate_summary.

15. Sanchez-Vizcaino JM, Mur L, Martinez-Lopez B: African Swine Fever: An
Epidemiological Update. Transbound Emerg Dis 2012, 59s1:17–35.

16. EFSA: Scientific opinion on African swine fever. In Book Scientific opinion on
African swine fever, vol. EFSA Journal 8. 2010.

17. Anon: Commission decision on certain measures to prevent the transmission
of the African swine fever virus from Russia to the Union In Commission
decision on certain measures to prevent the transmission of the African swine
fever virus from Russia to the Union. 2011.

18. OIE: Handbook on Import Risk Analysis for Animals and Animal Products. Paris,
France: World Organization for Animal Health; 2010.

19. Stevens KB, Pfeiffer DU: Spatial modelling of disease using data- and
knowledge-driven approaches. Spat spatio-temporal epidemiol 2011,
2:125–133.

20. Gallagher E, Ryan J, Kelly L, Leforman Y, Wooldridge M: Estimating the risk
of importation of foot-and-mouth disease into Europe. Vet Rec 2002,
150:769–772.

21. Gale P, Brouwer A, Ramnial V, Kelly L, Kosmider R, Fooks AR, Snary EL:
Assessing the impact of climate change on vector-borne viruses in the
EU through the elicitation of expert opinion. Epidemiol Infect 2010,
138:214–225.

22. Statistics of External Commercial Trade Database. http://epp.eurostat.ec.
europa.eu/newxtweb/.

23. FAO Geonetwork. Roads of the World. http://www.fao.org/geonetwork/srv/
en/main.home.

24. Travelocity. http://travel.travelocity.com/ecruise/CruiseSearch.do.
25. Truecruises. http://www.truecruise.com/cruise-ship-database.aspx.
26. Jenks G: The Data Model Concept in Statistical Mapping. In Book The Data

Model Concept in Statistical Mapping, vol. 7: 186–190. City; 1967:186–190.
27. Ayubb BM: Elicitation of Expert opinions for Uncertainty and risks. London:

CRC Press LLC; 2001.
28. Wieland B, Dhollander S, Salman M, Koenen F: Qualitative risk assessment

in a data-scarce environment: a model to assess the impact of control
measures on spread of African Swine Fever. Prev Vet Med 2011, 99:4–14.

29. Costard S, Wieland B, de Glanville W, Jori F, Rowlands R, Vosloo W, Roger F,
Pfeiffer DU, Dixon LK: African swine fever: how can global spread be
prevented? Philos T R Soc B 2009, 364:2683–2696.

30. Sánchez-Vizcaíno JM: African swine fever. In Diseases of Swine. 9th edition.
Edited by Straw BE, Zimmerman JJ, D'Allaire S, Taylor DJ. Ames: Blackwell
Publishing Professional; 2006:291–298.

31. Hasson F, Keeney S, McKenna H: Research guidelines for the Delphi
survey Technique. J Adv Nurs 2000, 32:1008–1015.

32. The Mediterranean and Black sea basins. http://epp.eurostat.ec.europa.eu/portal/
page/portal/product_details/publication?p_product_code=KS-SF-11-014.

doi:10.1186/1746-6148-8-149
Cite this article as: Mur et al.: Risk of African swine fever introduction
into the European Union through transport-associated routes: returning
trucks and waste from international ships and planes. BMC Veterinary
Research 2012 8:149.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://web.oie.int/wahis/public.php?page=disease_immediate_summary
http://web.oie.int/wahis/public.php?page=disease_immediate_summary
http://epp.eurostat.ec.europa.eu/newxtweb/
http://epp.eurostat.ec.europa.eu/newxtweb/
http://www.fao.org/geonetwork/srv/en/main.home
http://www.fao.org/geonetwork/srv/en/main.home
http://travel.travelocity.com/ecruise/CruiseSearch.do
http://www.truecruise.com/cruise-ship-database.aspx
http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-SF-11-014
http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-SF-11-014

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Risk pathways definition
	Likelihood estimation
	Risk factor standardization
	Expert opinion elicitation

	link_Tab1
	Combining the results

	link_Fig1
	link_Fig2
	Sensitivity analysis

	link_Fig3
	link_Fig4
	Results
	link_Fig5
	link_Fig6
	Discussion
	Conclusions
	Competing interests
	Author´s contribution
	Acknowledgements
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


