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Summary

The combination of multicriteria analysis (MCA), particularly analytic hierarchy process (AHP) and
geographic information system (GIS) were applied for transmission risk assessment of Fascioloides
magna (Trematoda; Fasciolidae) in south-western Slovakia. Based on the details on F. magna life
cycle, the following risk factors (RF) of parasite transmission were determined: intermediate (RF )
and final hosts (RF_,) (biological factors), annual precipitation (RF,.), land use (RF ,), flooded area
(RF.,), and annual mean air temperature (RF,;) (environmental factors). Two types of risk analyses
were modelled: (1) potential risk analysis was focused on the determination of the potential risk of
parasite transmission into novel territories (data on F. magna occurrence were excluded); (2) actual
risk analysis considered also the summary data on F. magna occurrence in the model region (risk
factor parasite occurrence RF, included in the analysis). The results of the potential risk analysis
provided novel distribution pattern and revealed new geographical area as the potential risk zone
of F. magna occurrence. Although the actual risk analysis revealed all four risk zones of F. magna
transmission (acceptable, moderate, undesirable and unacceptable), its outputs were significantly
affected by the data on parasite occurrence what reduced the informative value of the actual trans-
mission risk assessment.
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Introduction

maps in order to model the incidence of various parasites/parasitic
diseases in the studied regions. A more complex GIS approach

The geographic information system (GIS) offers powerful tool for
disease mapping, ecological analyses and epidemiological sur-
veillance that has become indispensable for processing, analys-
ing and visualising spatial data (Rinaldi et al., 2006). GIS allows
analysis of multiple layers of map data in digital form, including
earth-observation satellite data, with standard numerical data
sets using computer-based statistical and image analysis meth-
ods (Burrough, 1986; Hugh-Jones, 1989). In parasitology, one of
the most common GIS application is the evaluation of the results
on occurrence and distribution of parasites in a form of digitalized

* — corresponding author

may be used for an assessment and quantification of their local
risk. The risk assessment is based on variable factors, such as
natural land cover (e.g. soil types), climate data, temperature, an-
nual rainfall, and different land use categories (human settlements
or protected areas, national parks, forest reserves, etc.) (Rinaldi
et al., 2006).

The multicriteria analysis method (MCA) is widely used scientific
approach, which may be implemented in the GIS environment for
risk-mapping of populations or regions and for identification of risk
zones. An analytical hierarchy process (AHP) is one of the most
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widely used multicriteria method based on the pairwise compar-
isons in order to create a ratio matrix and estimate a ranking or
weighting of each of the evaluated criteria (Saaty, 1980). As for
parasites, the integrated geospatial and multicriteria evaluation us-
ing highly specific AHP technique were used for determination of
risk zones in a limited spectrum of parasites, e.g. for determination
of epidemiologically highly important malaria risk zones in mos-
quito-borne diseases mapping (Bhatt & Joshi, 2014). Concern-
ing trematodes, risk assessment models using GIS environment
based on the effect of annual climate variation on transmission
intensity have been developed e.g. for fascioliasis (Malone et al.,
1992).

Introduction of non-native (syn. non-indigenous, alien) species of
parasites into novel territories may be accompanied by serious
economic and/or environmental changes in original ecosystems
(Pimentel et al., 2000). Aliens with tendency to spread and col-
onize new areas are classified as invasive species. The majori-
ty of introduction of invasive parasites is usually unintentionally
mediated by anthropogenic activities, especially as a result of
introduction of its final or intermediate hosts, €.g. by internation-
al trade, global transportation, markets or tourism (Lodge, 1993;
Mack et al., 2000). The invasive parasites are capable to establish
new populations and spread rapidly into new habitats, thus dis-
seminating infective propagative stages into novel localities. The
evaluation of threats caused by the alien parasites can represent
a considerable challenge due to the limited information that often
accompanies their introduction. Thus, studies on invasive species
are important not only from parasitological point of view, but also
from aspects on studies on biodiversity, ecology and environment.
Within the last decade, a lot of information on biology, spatial dis-
tribution, and population genetics have been obtained for one of
the remarkable invasive platyhelminth in Europe, giant liver fluke
Fascioloides magna (Bassi, 1875), parasitizing a wide spectrum
of free-living and domestic ruminants, mainly cervids and bovids
(Kralova-Hromadova et al., 2016). It is generally accepted that
F. magna is of North American origin; it occurs in five enzootic ar-
eas across the United States and southern Canada, particularly in
(a) northern Pacific coast; (b) Rocky Mountain trench; (c) northern
Quebec and Labrador; (d) Great Lakes region; and (e) Gulf coast,
lower Mississippi, and the southern Atlantic seaboard (Pybus,
2001). While the North American enzootic regions of F. magna are
relatively stable, different situation is in Europe, where the para-
site was several times introduced along with its cervid hosts and
established three permanent natural foci (1) northwestern Italy;
(2) Czech Republic and Poland; and (3) Danube floodplain forests
(Kralova-Hromadova et al., 2016). The original Italian focus has
remained enclosed in the Regional Park La Mandria near Turin
for more than 140 years (Bassi, 1875; Balbo et al., 1987; 1989,
Apostolo, 1996); the two other European natural foci have shown
dynamic changes in distribution of £ magna resulting in their en-
largement. For a long time, the Czech focus was restricted only
to the territory of Czech Republic (Ullrich, 1930; Leontovy¢ et al.,
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2014). However, the very recent findings of . magna confirmed
the parasite expansion into new areas in Poland, in particular Low-
er Silesian Wilderness (Pyziel et al., 2014; Kralova-Hromadova et
al., 2015) and Podkarpackie Province (Karamon et al., 2015; Ju-
hasova et al., 2016).

On the contrary, the Danube floodplain forests (DFF) represent
dynamically expanding European natural focus of fascioloidosis
even since the first £ magna findings in Austria (Pfeiffer, 1983),
Slovakia (Rajsky et al., 1994), and Hungary (Majoros & Sztojkov,
1994). DFF represent an unique biotope providing optimal envi-
ronmental conditions for intermediate (aquatic snails) and final
(cervids) hosts of F. magna, and suitable ecological conditions for
developmental stages of the parasite in exogenous environment
(e.g. temperature, moisture, etc.). Consequently, giant liver fluke
has been successfully spreading down the Danube River into nov-
el territories, such as Croatia (Marinculi¢ et al., 2002) and Serbia
(Marinkovic¢ et al., 2013). Fascioloides magna is apparently an in-
vasive parasite with good ability to establish new natural focus (or
enlarge the already established focus) in the presence of suscep-
tible intermediate/final hosts important for a completion of the life
cycle and favourable environmental conditions important for larval
stages of the parasite in an exogenous environment.

In Slovakia, F. magna was first detected in the south-western part
of the country in 1993 (Rajsky et al., 1994). Since then, giant liver
fluke has been regularly reported mainly around the Danube River
flow, in area of floodplains and meadows near the Slovak-Hungar-
ian border (Kralova-Hromadova et al., 2016). To date, the predom-
inant distribution area of F. magna is rather restricted to several
districts of south-western Slovakia, where the fluke has regularly
been reported (Bazsalovicsova et al., 2016).

Therefore, the principal aim of the current study was to evaluate a
potential risk of transmission of F. magna beyond its current distri-
bution zone along the Danube River into the broader geographical
region in south-western Slovakia, for which biological and envi-
ronmental factors important for F. magna development were eval-
uated. We were interested to find out if the model territory does
provide a suitable environment for possible parasite development
and if there is a risk of F. magna successful establishment in case
of natural migration or man-made introduction of final host into the
model region. From veterinary point of view, the risk analysis could
also indicate a potential risk of a spread of infective stages of F.
magna to domestic ruminants, which utilize grassland of model
locality.

To achieve our objectives, the combination of multicriteria analysis
(MCA) using analytic hierarchy process (AHP) method and geo-
graphic information system (GIS) were originally applied for the
transmission risk assessment of F. magna. Based on the meth-
odological specificities of procedures applied in the current work,
two particular aims have emerged; (i) to identify key causal risk
factors based on the overall knowledge on biology, life cycle, and
environmental conditions of F. magna; and (i) to determine the
importance (weights) of individual risk factors using MCA and AHP



Table 1. Specification of risk factors studied in transmission risk assessment of Fascioloides magna.

Potential risk analysis

Code of risk factor

Actual risk analysis

Analysis without parasite occurrence (RF) Analysis with parasite occurrence
intermediate hosts RF.. intermediate hosts
final hosts RF final hosts

annual precipitation
land use
flooded area
annual mean air temperature

RF

FH

PO parasite occurrence

- annual precipitation
RF, land use
RF., flooded area
RF,.. annual mean air temperature

methods. Due to the fact that the parasite occurrence in the model
territory could affect the outcome of transmission risk assessment
analysis, two types of risk analyses were modelled and evaluated;
(1) the potential risk analysis (without parasite occurrence); and
(2) the actual risk analysis (including data on parasite occurrence).
Using giant liver fluke as the parasitic model species with complex
life cycle, we aimed to compare the outputs of both analyses and
to reveal the suitable methodological scheme for future transmis-
sion risk assessment analyses.

Material and Methods

Potential and actual risk analyses

The potential risk analysis was focused on determination of a po-
tential risk of parasite transmission into novel territories. In this
type of analysis, the data on F. magna occurrence were not in-
cluded in the analysis and risk factor parasite occurrence (RF,)
was excluded from the set of risk factors (Table 1). In the actual
risk analysis, the summary data of 11-year monitoring of F. magna
occurrence in south-western Slovakia performed in the period of
2005 - 2015 (Bazsalovicsova et al., 2016) and RF,, were includ-
ed in the analysis (Table 1). It is important to highlight that data
on F. magna occurrence, as presented by the mentioned authors,
are selective since the survey study was targeted at localities with
long-term high prevalence of fascioloidosis. The full-area survey,
covering the entire model locality, has never been systematically
performed.

According to the above review, the distribution of F. magna is cen-
tralized in three zones (Fig. 1): the first one is localized between the
Gabéikovo Waterworks and Dunajské luhy Protected Landscape
Area in the Dunajska Streda District, second one is situated in
south-western part of Komarno District near the border with Duna-
jska Streda District, and the third zone is present in the Komarno
District in the north-eastern direction from Komarno town.

The transmission risk assessment was evaluated in four risk class-
es for both types of analyses; acceptable [1], moderate [2], unde-
sirable [3] and unacceptable [4] (Table 2), which were arranged ac-
cording to the MILSTD 882D Standard practice for system safety.
Risk classes were divided using Tukey’s quartile method.

Studied model region

As a base of the current work, the model region was selected
according to summary knowledge on £ magna occurrence in
south-western Slovakia (Bazsalovicsova et al., 2016; see Fig. 2).
In addition, an adjacent and so far F. magna-free territory localized
northerly from the endemic region was also included into the de-
sign of the model region. In particular, the model area represented
a southern and south-western part of the Danube Lowland, sit-
uated between the inundation territory of the Danube River, the
Little Carpathians and all other parts of the Western Carpathians,
neighbouring with the Hungarian state border in the south and the
Austrian state border in the western part of the Slovak Republic
(Fig. 2). Model territory includes 13 districts (Malacky, Pezinok,
Bratislava |, Bratislava I, Bratislava Ill, Bratislava IV, Bratisla-

Table 2. Risk classes of Fascioloides magna transmission risk assessment.

Vulnerability/

Vulnerability rate acceptability

2] moderate

Significance of F. magna occurrence

Vulnerability in region is moderate —
condition of continual monitoring

Scale of vulnerability
according to AHP

1.51-1.86

[3] undesirable

Vulnerability in region is undesirable —
protection measures

1.87-2.23

AHP analytic hierarchy process
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Fig. 1. The assessment of biological risk factor parasite occurrence (RF ) based on the summary data on the occurrence of Fascioloides magna in red deer (Cervus
elaphus) in the model area published by Bazsalovicsova et al. (2016).

va V, Senec, Galanta, Sala, Dunajska Streda, Nové Zamky and
Komarno) belonging to three Regions of Slovakia (Bratislava,
Trnava and Nitra), reaching in total about 6,572 km square. The
upper border of the studied area is formed by the northern line of
districts Malacky, Pezinok and Senec (Bratislava Region). Model
region includes also the entire flow of the Danube River in the terri-
tory of the Slovak Republic with around 172 km length, from which
only 22 km do not create a state border. Model area included pre-
dominantly the majority of the Danube Lowlands, where almost
entire analyzed territory is created by the Danubian Flat with an
extensive river network formed by Vah, Nitra, Maly Dunaj, Hron
and Danube rivers with adjacent smaller rivers, river branches and
channels created by water activity.

The important part of the model area is represented by the Duna-
jské luhy Protected Landscape Area consisting of five separate
parts along the inundation territory of the Danube River, stretch-
ing from Bratislava in the north-west near the border with Austria,
following the main course of the Danube River in the south, up to
the river island Velkolélsky ostrov in Komarno District on the Slo-
vak-Hungarian border. Dunajské luhy Protected Landscape Area
consists of more than 122 km square of protected floodplains,
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wetlands, and numerous of water bodies (e.g. lakes, oxbow lakes,
ponds or streams). It represents a unique water habitat of many
rare and protected aquatic plants and typical floodplain species
(e.g. willows, alders, oaks, ashes, elms, poplars, European horn-
beams and dogwoods), as well as a game habitat for number of
protected molluscs, water birds, fish and mammals. Many terrestri-
al animals, especially different deer species (i.e. red deer, roe deer
and fallow deer) have utilized floodplain biotope on both sides of
the Danube River, where the natural conditions enable free move-
ment and regular seasonal migration of animals between Slovakia
and Hungary.

Selection and determination of causal factors and their datasets

The crucial factor in risk assessment analysis is determination of
causal risk factors. In case of F. magna, the assessment of risk
factors has resulted from biological and environmental factors
of the parasite’s complex life cycle which involves four stages
(Fig. 3). The first developmental stage takes place in external en-
vironmental conditions, including the phase after dissemination of
eggs within the host’s faeces into water environment and hatching
of miracidium. The second developmental stage involves different
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Fig. 2. The description of studied model region in south-western Slovakia analyzed in the current study. Points indicate localities with confirmed Fascioloides magna
occurrence as resulted from the 11-year monitoring (Bazsalovicsova et al., 2016); (1) Vojka nad Dunajom, (2) Bodiky, (3) Cigov, (4) Travnik, (5) Klizska Nema, (6)
Holiare, (7) Ton, (8) Zemianska Olga, (9) Velké Kosihy, (10) Okoliéna na Ostrove, (11) Zlatna na Ostrove, (12) Calovec, (13) Chotin, (14) Svéty Peter, (15) Modrany, (16)
Batorové Kosihy, (17) Bu¢, (18) Kravany nad Dunajom, (19) Svaty Juraj, Peres. The respective localities were visualized using ArcGIS 9 version ArcView 9.3.

intramolluscan larval stages (sporocysts, mother and daughter re-
diae, cercariae) within the intermediate water snail hosts. In the
third stage, metacercariae develop after release of cercariae from
intermediate host in the humid external environment. The fourth
stage begins after the ingestion of infective metacercariae by fi-
nal hosts (e.g. cervids or other ruminants), and continues up to
the maturity of adult flukes and production of eggs. The individual
stages of life cycle of . magna were described in detail by Er-
hardova-Kotrla (1971). Based on the biological and environmental
details of F. magna life cycle, the following risk factors were deter-
mined for risk assessment (Table 1):

* Risk factor — intermediate host (RF,)

* Risk factor - final host (RF_,)

* Risk factor — annual precipitation (RF,,)

* Risk factor - land use (RF )

* Risk factor - flooded area (RF_,)

* Risk factor — annual mean air temperature (RF,)
The intermediate and final hosts are biological factors which result-

ed from the life cycle. The annual precipitation, land use, flooded
area and annual mean air temperature are environmental factors
which have an impact on development of eggs, miracidia, cercari-
ae and metacercariae in an exogenous environment.

The thematic maps were created for datasets of causative factors
RF,. RF . RF.,, RF, and RF,, using the modelling and analys-
ing tools in ArcGIS 9, version ArcView 9.3 — Geostatistical Analyst
by the Kriging method. Each causative factor was categorized
into the five classes and visualized (see Table 3). The classes for
each risk factor were based on the biology, distribution, and life
cycle of F. magna, along with data on physical and environmental
conditions necessary for development of the parasite (Erhardova,
1961; Erhardova-Kotrla, 1971; Pybus, 2001). Due to the fact that
intermediate and final hosts of F. magna occur in the environment
of the entire analysed territory of the Danube Lowland, these caus-
ative factors (RF, and RF_ ) were not categorized and visualized
in the map form; however, they were included into the assessment
using AHP method.
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Life cycle of
Fascioloides magna

precipitation (RF.e)

air temperature (RF,;) |
water temperature
time factor

land use (RF ;)

4

S water environment
..h.r grass, vegetation
W intermediate host, aquatic snails (RF )

H‘h final hosts, ruminants (RFq,)

A infective stage

Fig. 3. The schematic life cycle of Fascioloides magna with biological and environmental factors.

Risk factor — intermediate host (RF,)

The complexity of the life cycle of . magna and its ability to invade
new region is ensured by the presence of suitable intermediate
hosts, in particular aquatic pulmonate molluscs, in which larval de-
velopment of the parasite takes place. While in North America six
species of the family Lymnaeidae were found to be naturally infect-
ed with F. magna, only three snail species (Galba syn. Lymnaea
truncatula, Radix labiata and Radix peregra) were proved to serve
as intermediate hosts of F. magna in Europe (Kralova-Hromadova
et al., 2016). However, the only confirmed intermediate host of F.
magna in Slovakia is aquatic snail G. fruncatula. Since it is widely
distributed in a natural environment throughout the entire model

territory of the Danube Lowland (Horsak et al., 2016), a detailed
map of G. truncatula occurrence was not provided. A suitable en-
vironment for maintenance and further spread of G. truncatula in
the model area is assured by optimal landscape with flooded area,
aquatic environment and sufficient annual precipitation.

Risk factor - final host (RF,)

F. magna parasitizes in a broad spectrum of final hosts, mainly free
living and domestic ruminants. Final hosts of giant liver fluke are
divided into three types (definitive, dead-end and aberrant) (Py-
bus, 2001) according to interrelationships between the parasite
and the host, the ability of fluke to reach maturity and produce

Table 3. Determination of causative factors.

Classes Causative factors
RF,, (%) RF,, (mm) RF, () RF_, (-) RF..(°C)
1 0-20 0-300 urbanized area no -10-0
2 21-40 301-700 agricultural land 0.1-6
3 41-60 701-1,100 forest 6.1-11
4 61-80 1,101 - 1,500 pastures and meadows 1M.1-17
5 81-100 1,501 and more water area yes 17.1 and more

RF_,, risk factor parasite occurrence, RF,, risk factor annual precipitation, RF, , risk factor land use, RF_, risk factor flooded area, RF,; risk factor annual

mean air temperature
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eggs, pathological changes within the host organism, and the
potential to release eggs of . magna into external environment.
From epidemiological point of view, only definitive hosts contribute
significantly to further spread of propagative stages of F. magna
into the environment. The most frequent definitive hosts of giant
liver fluke in Europe are red deer (Cervus elaphus) and fallow deer
(Dama dama) along with roe deer (Capreolus capreolus) classified
as an aberrant host. In Slovakia, the most frequent definitive host
of F. magnaiis red deer, in which the majority of F. magna infections
have been detected (Kralova-Hromadova et al., 2016). Based on
Kristofik & Danko (2012), there is an overall distribution of red deer
in the natural environment of the model area with no significant
natural landscape barriers which would limit its movement and mi-
gration. Consequently, a detailed map of C. elaphus occurrence
was not provided.

Risk factor — annual precipitation (RF,,)

Average values of total annual precipitation were provided by the
Slovak Hydrometeorological Institute (SHMI) from total of 141
gauging stations in western Slovakia in the period of 1981 - 2015.
Mean numbers of annual precipitation ranged from 492.7 mm (in
station Santovka) to 949.9 mm (in station Zarnovica). Partial data
on the annual precipitation in individual stations are not listed.
Out of five classes of annual precipitation zones, the 2™ and 3
classes were presented in model area, which represents one of
the driest regions in Slovakia (Fig. 4A). Almost entire model terri-

tory belongs to the area with an annual precipitation from 301 to
700 mm per year (2 class), except the forest belt area in the Little
Carpathians in the north-western part of the model region, where
the rainfall reached from 701 to 1,100 mm per year (3" class; see
Fig. 4A).

Risk factor - land use (RF )

The land use categories of the study area were obtained from
the Corine Land Cover (2006, raster data), implemented in freely
available database of the European Environment Agency accord-
ing to the currently used mapping methodology. The majority of
model territory is formed by agricultural areas (70 %) with forest
islands (16.2 %) stretching along the entire area (Fig. 4B). Large
continuous forests are localized only in the north-western parts of
the model region, and they form forests of the Zahorie Protected
Landscape Area and the Little Carpathians. Urbanized area (8.3
%), pastures and meadows (3.5 %) are scattered throughout the
whole model region, while large bodies of water (2 %) are located
immediately next to the main flow of Danube, Vah and Hron rivers
(see Fig. 4B).

Risk factor - flooded area (RF,)

According to 2007/60/EC Directive on the assessment and man-
agement of flood risks, the EU member states had an obligation to
complete flood hazard maps and flood risk maps since December
227, 2013. Flood risk maps show the potential adverse conse-

Table 4. The matrix of pairwise comparison of causative criteria.

Potential risk analysis

RFIH RFFH RFPO RFAP RFLU RFFA RFAT
RF,, 1 1 - 5 5 5 7
RF_, 1 1 - 9 5 7 7
RF,, 1/5 119 - 1 1/5 5 1/5
RF , 1/5 1/5 - 5 1 5 5
RF_, 1/5 17 - 115 1/5 1 5
RF,. 117 117 - 5 1/5 1/5 1
Sum 2.74 2.59 - 25.20 11.60 23.20 25.20

Actual risk analysis

RFIH RFFH RFPO RFAP RFLU RFFA RFAT
RF,, 1 1 1 5 5 5 7
RF., 1 1 1 9 5 7 7
RF,, 1 1 1 9 5 7 9
RF,, 115 119 119 1 115 5 115
RF,, 115 115 115 5 1 5 5
RF., 115 17 117 115 1/5 1 5
RF,, 17 17 119 5 115 115 1
Sum 3.74 3.59 3.56 34.20 16.60 30.20 34.20

RF, risk factor intermediate hosts, RF_, risk factor final hosts, RF,, risk factor parasite occurrence, RF,, risk factor annual precipitation,
RF, , risk factor land use, RF, risk factor flooded area, RF,, risk factor annual mean air temperature, Sum summary of individual criteria
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quences associated with flood scenarios. In Slovakia, flood risk
maps were created by the Danish Hydraulic Institute (DHI Slova-
kia) according to the requirements of the Ministry of Environment
of the Slovak Republic. The DHI Slovakia provided the flood risk
map of Danube River for purposes of our research.

The flooded area occurs mainly in the basin of the Danube River
and its tributaries. A left tributary of the Danube, the Morava Riv-
er and its inundation territory around the Slovak-Austrian border,
forms a flooded area west from Bratislava. The largest flooded
area stretches along the main stream of the Danube River, direct-
ly along the Slovak-Austrian border, around the whole course of
the river up to the lower end of the Danube at Slovak-Hungarian
border (Fig. 4C). This area includes also the characteristic area
of the Dunajské luhy Protected Landscape Area with island and
semi-island regions of floodplains and meadows. Minor flooded
areas are presented by the Vah River, which flows into the Danube
near Komarno, and the Hron River flowing into the Danube further
south near Starovo (see Fig. 4C).

Risk factor — annual mean air temperature (RF,;)

Data on annual mean air temperature (RF, ) in the model area were
obtained from five meteorological stations situated in south-west-
ern Slovakia, in particular from Bratislava airport, Gabéikovo, Zi-
harec, Podhajska and Hurbanovo in the period of 1961 — 2015.
Partial data on the annual mean air temperature in individual sta-
tions are not listed. Annual mean air temperature in the studied
region varied from -9.9°C to +25.2°C. Data were provided by the
Slovak Hydrometeorological Institute (SHMI).

The model area includes only two of five annual mean air temper-
ature categories (Fig. 4D). Almost all territory lies in the tempera-
ture range from 11.1°C to 17°C. Only a small part of the analysed
region, particularly northern border of districts Malacky, Galanta,
Sala and Nové Zamky, occurs in range of 6.1°C to 11°C (see Fig.
4D).

Analytic hierarchy process

The analytic hierarchy process (AHP) developed by Saaty (1980)
was applied for determination of the importance of selected
causal factors. The matrix of pairwise comparison of causative
criteria (Table 4) was used to assess the degree of significance
of the individual criteria and measures, and to determine how
the evaluated variants fulfil the resolution of these criteria. AHP
method is a structured mathematical technique for organizing and
analyzing complex decisions. Assessments are based on expert
estimates by comparing the mutual influences of two or several
causative factors based on the selected scale (Saaty, 1980) in
order to obtain the relative importance of selected factors. The
relative weight of selected criteria was based on an iterative
process and the matrix of pairwise comparison (Table 5), where
the matrix A of type p x p (i.e. it has p rows and p columns) was
calculated by the normalization of the columns A (Boroushaki &
Malczewski, 2008) according to the relation [1]:

A= [RFq, ]pxp ]
For calculation of the element of the matrix a;t the relation
applies [2]:

. RF
12

t=p
ZRFq,
q

The matrix Ax Awas calculated and normalized in A,, subsequently
A, ..., A, were calculated until all columns of the obtained matrix
are identical. The column then gives the vector w defined by the
relation [3]:

RF,

@, =RFa(z forall g=1,2,...p  [3]

The verification of consistency for both types of analyses, for
analysis without and with RF_, is carried out in the program
Microsoft Excel and data are summarised in Table 6. It is
important to know a certain measure of discrepancy, which arises
with pair comparisons of the matrix A. To assess the measure of
consistency, it is necessary to calculate the so-called consistency
index, Cl (Boroushaki & Malczewski, 2008). Individual calculation
was performed for analysis without parasite occurrence (Table 6,
marked as “a”), and with parasite occurrence (Table 6, marked as
‘b”). The Clindex is calculated according to the relation:

oo Azp 82476 iean  [4q]
p—1_ 6-1

Cl= AP _T0165-7 _\0oo75  [4b]
p—1 71

The A value is the largest eigenvalue, which can be obtained as
soon as we have its affiliated actual vector (according to [5]). The
p value is the number of criteria (columns) of matrix A, where the
total number of criteria for analysis without RF . is p = 6 (a) and
with RF is p =7 (b).

A= RF.|Weight [5]

The consistency ratio (CR) was calculated according to the relation
(Boroushaki & Malczewski, 2008):

_ O _0.0489% 0.03947 [6a]
RI
CR :Q:M:O.OOM [6b]
R 1.32

The Rl value is the random index of consistency according to the
number of evaluated criteria p of matrix A based on the Table 6.
If the resulting consistency ratio is less than 0.1 (CR < 0.1), the
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Table 5. Calculation of normalized weight criteria for potential (without parasite occurrence) and actual (with parasite occurrence) analyses.

Potential risk analysis

RF,. RF_, RF,, RF,, RF, RF_, RF,. Weight
RF,, 0.3650 0.3861 - 0.1984 0.4310 0.2155 0.2778 0.3041
RF,, 0.3650 0.3861 - 0.3571 0.4310 0.3017 0.2778 0.3513
RF,. 0.0730 0.0425 - 0.0397 0.0172 0.2155 0.0079 0.0642
RF,, 0.0730 0.0772 - 0.1984 0.0862 0.2155 0.1984 0.1516
RF,, 0.0730 0.0541 - 0.0079 0.0172 0.0431 0.1984 0.0652
RF, 0.1400 0.1400 - 5.0000 0.0400 0.0400 0.2000 0.0636
Sum 1 1 - 1 1 1 1 1

Actual risk analysis

RF,, RF., RF,, RF,, RF, RF_, RF,. Weight
RF,, 0.2674 0.2786 0.2809 0.1462 0.3012 0.1656 0.2047 0.2286
RF_, 0.2674 0.2786 0.2809 0.2632 0.3012 0.2318 0.2047 0.2594
RF,, 0.2674 0.2786 0.2809 0.2632 0.3012 0.2318 0.2632 0.2693
RF,, 0.0535 0.0306 0.0309 0.0292 0.0120 0.1656 0.0058 0.0460
RF,, 0.0535 0.0557 0.0562 0.1462 0.0602 0.1656 0.1462 0.1049
RF,, 0.0535 0.0390 0.0393 0.0058 0.0120 0.0331 0.1462 0.0469
RF, 0.0374 0.0390 0.0309 0.1462 0.0120 0.0066 0.0292 0.0449
Sum 1 1 1 1 1 1 1 1

RF,, risk factor intermediate hosts, RF,, risk factor final hosts, RFPO risk factor parasite occurrence, RF,, risk factor annual precipitation, RFLU risk factor
land use, RF_, risk factor flooded area, RF,_ risk factor annual mean air temperature, Sum summary of individual criteria

ratio indicates an appropriate level of consistency of the pairwise
comparison; if it is higher than 0.1 (CR > 0.1), the pairwise
comparison is a fully inconsistent determination. The comparison
of resulting consistency levels for both types of analyses was as
follows:
condition: CR < 0.1

0.03947 < 0.1 (a)

0.0021 < 0.1 (b)
The resulting consistency factors in both types of analyses are
smaller than value 0.1, what indicated that the level of consistency
is appropriate, i.e. the importance of selected causal factors was
determined correctly. This process can be calculated automatically
in the Microsoft Excel, the same as in the Expert Choice (Expert
Choice Quick Start Guide, 2000 — 2004) software called Multi-
Criteria Decision Analysis (MCDA).

Results and Discussion

Results on potential and actual risk analyses
The main outputs of the transmission risk assessment of F. magna

are composite vulnerability maps (Fig. 5) generated for the model
area and displaying categories of transmission risk zones of giant
liver fluke in the studied model region. In the potential transmission
risk analysis (without RF,, ), three levels of risk zones were detect-
ed: acceptable, moderate and undesirable (Fig. 5A). The majority
of model area represented the lowest, acceptable risk level. The
moderate risk zones were scattered throughout the whole territory,
mainly in the north-western part of model area, in the Little Car-
pathians, Borska nizina and Z&horie Protected Landscape Area,
but also around the Morava, Danube and Vah rivers inundation
territories. The highest undesirable risk level was found in the main
course of the Morava River in the west, the Vah River in the central
part and the Danube River in the whole flow from south-western to
south-eastern direction.

From all environmental causal factors evaluated in the analysis,
the risk factor land use was the most important factor for risk as-
sessment (weight 0.1516), while remaining environmental causal
factors affected the risk analysis at about the same rate (0.0636 -
0.0652) (Table 5). Despite the fact that the distribution of interme-
diate and final hosts is in the entire analysed area, the risk factor

Table 6. Random index of consistency according to Saaty (1980).

NC 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 112 1.24 1.32 1.41 1.45 1.49
TA a b

NC number of criteria, R/ random index of consistency, TA type of analysis, a potential risk analysis, b actual risk analysis
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Fig. 5 The composite maps showing the transmission risk assessment of Fascioloides magna in model area created the analytic hierarchy process (AHP) method using
ArcGIS 9.3. (A) potential risk analysis without parasite occurrence; (B) actual risk analysis with parasite occurrence. The calculated area percentages of particular
vulnerability classes were 87.0 % (acceptable), 11.5 % (moderate), 1.0 % (undesirable) and 0.5 % (unacceptable), respectively.
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final host had a slightly higher impact on the risk analysis (RF
weight 0.3513), in comparison with intermediate host (RF
0.3041) (see Table 5).

In the actual transmission risk analysis (RF, included), all four
categories of risk zones were presented. Although the majority of
analysed model region was again ranked in the lowest acceptable
risk category (Fig. 5B), the distribution of other risk zones was
rather different from those detected in the potential transmission
risk analysis (Fig. 5A). The highest unacceptable risk zone was
detected in the Dunajska Streda District in the inundation territory
of the Danube River towards the Gabéikovo Waterworks. This ter-
ritory clearly corresponds with the Dunajské luhy Protected Land-
scape Area covering also the area of approximately 10 km from
the Slovak-Hungarian border in the direction to Dunajska Streda
(Fig. 5B). The second large focus of unacceptable risk zone is
localized at the border between Dunajska Streda and Komarno
districts. The first and second focus of unacceptable risk zones are
surrounded by the moderate and undesirable risk zones. The third
evident moderate risk zone with a small focus of undesirable risk
zone was present in the region around 12 km north-eastern from
Koméarno in the Komérno District. The last moderate risk area was
detected in the border between Komarno and Nové Zamky dis-
tricts, extending up to the Slovak-Hungarian border in the south.
Congruently with the first analysis without RF, the most im-
portant environmental risk factor in the actual transmission risk
analysis was land use (weight 0.1049) (Table 5). The remaining
environmental factors had approximately the same influence to the
analysis (weight 0.0449 — 0.0469) (Table 5). Concerning biological
causative factors, the risk factor parasite occurrence had the high-
estimpact to the analysis (RF,; weight 0.2693), while only slightly
lower impact was recorded for final (RF_,; 0.2594) and intermedi-
ate (RF ; 0.2286) hosts.

FH?

weight

IH’

FH?
IH?

Comparison of results on potential and actual risk analyses

The outputs of the actual transmission risk assessment (Fig. 5B)
correlated well with the data on F. magna occurrence (Fig. 1) in the
model region. It is evident that data on parasite occurrence strong-
ly influenced the actual risk assessment analysis and the weight
of risk factor RF, was the highest one (0.2693; Table 5). From
methodological point of view, this type of analysis only reproduced
the data on parasite occurrence and we would not recommend it
for risk assessment of F. magna in future. As already mentioned,
data on parasite occurrence might be in general rather selective,
targeted at localities with known prevalence of particular parasite,
and full-area surveys, covering the entire model locality, are not
frequently performed. Therefore, for more objective risk assess-
ment, it is better to omit risk factor parasite occurrence from the
analysis.

On the contrary, unique outputs resulted from the potential risk
analysis, which provided different risk distribution pattern and
more extensive geographical area was detected as a potential risk
zone of F. magna occurrence (Fig. 5A). Interestingly, the current
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theoretical risk assessment study is apparently not only hypothet-
ical. The newest data presented by Rajsky et al. (2017) revealed
presence of F. magna in Pezinok District, region which is situated
inside the newly detected moderate risk zone resulting from the
potential risk analysis. This finding underlines and highlights the
results of risk assessment presented in the current work, in par-
ticular potential risk analysis.

In conclusion, the model area of south-western Slovakia provides
a suitable environment for successful establishment and further
development of F. magna in case of natural migration or man-
made introduction of its final host into the model region. Once the
region of giant liver fluke occurrence will be further enlarged, a risk
of spread of F. magna infection to domestic ruminants will become
actual. Therefore, constant and ongoing monitoring of F. magna
occurrence in the model region is highly recommended.
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