Chapter 2
Distribution of Fascioloides magna

Abstract Giant liver fluke has established permanent natural foci on two conti-
nents. North America represents the original continent of the parasite occurrence,
while Europe is the continent where F. magna was introduced along with its cervid
hosts. In North America, F. magna occurs in five enzootic regions across the United
States and southern Canada: (1) the northern Pacific coast; (2) the Rocky Mountain
trench; (3) the Great Lakes region; (4) northern Quebec and Labrador; and (5) Gulf
coast, lower Mississippi, and southern Atlantic seaboard. In Europe, giant liver
fluke has established three permanent natural foci: (1) La Mandria Regional Park in
the northern Italy; (2) Czech Republic and southwestern Poland; and (3) Danube
floodplain forests, involving Austria, Slovakia, Hungary, Croatia and Serbia. This
chapter summarizes details on F. magna distribution in all North American enzootic
regions and European natural foci. Besides permanent foci, sporadic findings of the
parasite have been reported throughout the world. Occasional findings very prob-
ably represented only single detection of the parasite introduced to the particular
region without further establishment of the permanent focus.

Keywords Giant liver fluke - Distribution - Biological invasion - North America -
Europe - Enzootic region - Natural focus

2.1 North America

North America has been recognized as the original continent of giant liver fluke. To
date, F. magna occurs in five enzootic regions across the United States and southern
Canada: (1) the northern Pacific coast (NPC); (2) the Rocky Mountain trench
(RMT); (3) the Great Lakes region (GLR); (4) northern Quebec and Labrador
(NQL); and (5) Gulf coast, lower Mississippi, and southern Atlantic seaboard
(SAS) (Fig. 2.1; Pybus 2001). The US states and Canadian provinces with con-
firmed natural infections of free-living and domestic ruminants are illustrated on
Fig. 2.2. Details on geographic localities, final hosts and prevalence of fascioloi-
dosis in all North American enzootic regions are provided in Table 2.1.
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Fig. 2.1 Schematic presentation of North American enzootic regions of F. magna

Distribution of F. magna in North America has been influenced by a natural
migration and human-directed translocations of cervids. Definitive hosts, such as
white-tailed deer, wapiti and caribou, have played major role in maintaining fas-
cioloidosis in the natural environment and its further spread into currently recog-
nized enzootic regions. It is generally accepted that F. magna have co-evolved with
ancestral Odocoileus sp. and was originally widespread in white-tailed deer in
major wetland habitats throughout North America (Pybus 2001). Interrelationships
between white-tailed deer and F. magna are finely tuned; the number of flukes
within an individual deer is usually limited, allowing maintenance of the parasite
population, but not dispersing it beyond its foci. Wapiti and caribou, sympatric with
white-tailed deer, encountered F. magna in overlapping contaminated wetland
habitats. In contrast to the situation in white-tailed deer, potential translocation of
liver flukes in wapiti is higher due to increased F. magna eggs production and
subsequent release into the environment (Pybus 2001).

The population of white-tailed deer declined steadily in 16th and 20th centuries;
this process proceeded from the east towards the west of North America and
resulted in the disappearance of the giant liver fluke over much of its former range
(Pybus 2001 and references therein). However, as claimed by Pybus (2001),
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Fig. 2.2 Details on US states and Canadian provinces with confirmed natural infections of
F. magna in free-living and domestic ruminants (codes are explained in Table 2.1; map
downloaded from www.johomaps.com)

populations of the fluke may have remained in three primary refuge areas, partic-
ularly in: (i) RMT region in persistent wapiti populations; (ii) SAS region with
continued occurrence of white-tailed deer; and (iii) NQL region, where caribou
remained unavailable for harvest. The spread of F. magna into its contemporary
North American distribution was dependent on opportunities for infected cervids
enter new regions, either via natural migration or via human-related translocation.
At present, North American populations of F. magna are separated in detached
pockets across the continent, in five enzootic regions that possess diverse ecological
conditions (Pybus 2001).

The northern Pacific coast (NPC) is westernmost enzootic region of coastal
Canadian province British Columbia (BC), and US states Oregon (OR) and
Washington (WA) (Fig. 2.2), where diverse spectrum of naturally infected final
hosts was found out. Fascioloides magna was detected in many definitive hosts
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species (white-tailed deer, wapiti, Roosevelt elk, black-tailed deer and mule deer),
but also in moose, cattle and sheep (see Table 2.1 and references therein). The
highest prevalence was documented in wapiti (77-100 %) and moose (63 %) from
Kootenay National Park (BC) (Pybus et al. 2015).

The Rocky Mountain trench (RMT) includes Canadian provinces Alberta
(AB) and adjacent Saskatchewan (SK), and US state Montana (MT) (Fig. 2.2). The
majority of giant liver fluke findings originated from the Banff National Park
(NP) and southwestern Alberta. Fascioloides magna was determined in white-tailed
deer, wapiti, Rocky Mountain elk, mule deer (definitive hosts), but also in moose,
cattle, bison, yak and sheep (see Table 2.1 and references therein). The highest
prevalence (up to 80 %) was determined in wapiti from southern Alberta and
Banff NP (Whiting and Tessaro 1994; Pybus et al. 2015) and in Rocky Mountain
elk in Banff NP (93 %; Pybus et al. 1991). Hood et al. (1997) detected 4-100 %
prevalence of fascioloidosis in wapiti from Montana.

The Great Lakes region (GLR) involves US states surrounding the Great Lakes,
e.g. Minnesota (MN), Wisconsin (WI), Michigan (MI) and New York (NY), and
Canadian province Ontario (ON). Adjacent Canadian province Manitoba (MB) and
US state North Dakota (ND) are considered to be within GLR (Fig. 2.2). Contrary
to NPC and RMT, the white-tailed deer was the only definitive host in GLR region.
Majority of natural F. magna infections were detected in moose, cattle, llama, horse
(dead-end hosts) and sheep (aberrant host) (see Table 2.1 and references therein).
The highest prevalence (up to 20 %) was documented during the long term surveys
in moose from Minnesota (Peterson et al. 2013) and North Dakota (Maskey 2011).

The Saskatchewan and Manitoba/North Dakota are not directly located in the
Rocky Mountains and Great Lakes regions, respectively. Their classification into
RMT and GLR enzootic regions is due to their location neighbouring the respective
regions.

Northern Quebec and Labrador (NQL) is the northernmost enzootic region with
Canadian provinces Quebec (QC) and Labrador (NL). The dominant definitive host
is caribou (Table 2.1); F. magna was also found in muskox (Bazsalovicsova et al.
2015). The highest prevalence (78 %) was determined in caribou from southcentral
and coastal northern Labrador in 2001 (Pollock et al. 2009).

Gulf coast, lower Mississippi, and southern Atlantic seaboard (SAS) offers for
giant liver fluke and its hosts suitable ecological conditions, in particular moist
lowlands or swamps along major drainage systems (Pursglove et al. 1977). This
enzootic region includes southeastern US states Georgia (GA), Florida (FL),
Kentucky (KY), Louisiana (LA), Mississippi (MS), North Carolina (NC), South
Carolina (SC), Tennessee (TN) and Texas (TX) (Fig. 2.2). The dominant definitive
host is white-tailed deer (see Table 2.1 and references therein). Out of dead-end
hosts, F. magna infection was found in cattle, collared peccary and wild boar.
Infection in goat and sheep (aberrant hosts) was documented in Texas (Olsen 1949).
The highest prevalence (over 64 %) was documented in white-tailed deer and wild
boar from Texas (Foreyt and Todd 1972; Foreyt et al. 1975, 1977).

Genetic interrelationships among populations of giant liver fluke from all
enzootic regions were studied by Bazsalovicsova et al. (2015) using short variable
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regions of mitochodrial coxl and nadl markers designed by Kralova-Hromadova
et al. (2008). The principal outcome was detection of two separate lineages of F.
magna in North American continent. The western lineage was formed by indi-
viduals from RMT region (in particular Alberta) and NPC region (British Columbia
and Oregon). The eastern lineage was formed by samples from GLR region
(Minnesota), SAS region (Mississippi, Louisiana, South Carolina, Georgia and
Florida) and NQL region (Quebec and Labrador). More details on mitochondrial
markers and their application in F. magna studies are provided in Sect. 5.2.

2.2 Europe

As a result of popular commercialized hunting in Europe of the 19th and 20th
centuries, wapiti and white-tailed deer were imported from North America to
European parks, zoological gardens and reservations (Slusarski 1955; Bojovié¢ and
Halls 1984). Together with the introduction of the game animals, F. magna was
transferred as an undesirable side-effect from the Nearctic zone to the Palearctic,
where it established local populations (Erhardova-Kotrla 1971; Pybus 2001).

Contrary to native North America, Europe represents the continent where
F. magna was introduced along with its cervid hosts and established three
permanent natural foci: (1) La Mandria Regional Park in the northern Italy (IT);
(2) Czech Republic and southwestern Poland (CZ-PL); and (3) Danube floodplain
forests (DFF) (Fig. 2.3). The particular European countries with confirmed natural
infections of final hosts are illustrated on Fig. 2.4. Details on geographic localities,
final hosts and prevalence of fascioloidosis in all European natural foci are provided
in Table 2.2.

Italy (IT) Fascioloides magna was introduced to the Royal Park La Mandria
(now La Mandria Regional Park) near Turin in northern Italy in 1865, as was
recorded and originally described by Bassi (1875). The Savoy King Vittorio
Emanuele II directed import of 60 wapiti from Wyoming (USA), of which 47
reached La Mandria Regional Park (Apostolo 1996). The Regional Park represents
first stable and isolated natural focus of fascioloidosis in Europe (Fig. 2.3) with
occurrence of giant liver fluke mainly in red deer (see Table 2.2 and references
therein). Besides, F. magna was also found in introduced Rocky Mountain elk and
Sambar deer (Bassi 1875 c.i. Pybus 2001). A very high prevalence (up to 100 %)
was recorded in red deer in a period of 1979-1980 (Balbo et al. 1987).
Fascioloidosis was determined in the Italian focus in rather broad spectrum of
dead-end hosts, mainly in cattle, blue bull, horse and wild boar and in sheep and
goat (aberrant hosts) (see Table 2.2 and references therein).

Czech Republic and southwestern Poland (CZ-PL) The second European focus
of fascioloidosis was determined in the Czech Republic by Ullrich (1930), who
published the first occurrence of F. magna in fallow deer in 1910. The Czech focus
was established mainly in the southern and central parts of the country, where
F. magna was found in definitive hosts, such as red deer, fallow deer, or
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Fig. 2.3 Schematic presentation of European natural foci of F. magna

white-tailed deer, also in sika deer and cattle (dead-end hosts), and roe deer
(aberrant host) (see Table 2.2 and references therein). The highest prevalence was
detected in red deer (81-100 %) and roe deer (70-80 %; Erhardova-Kotrla 1971),
and later on in red deer and fallow deer (up to 90 %; Novobilsky et al. 2007).

The Czech focus of fascioloidosis was restricted to the southern and central parts
of the Czech Republic for more than 100 years. Recently, F. magna was docu-
mented in the northern Czech-Polish border, what indicated a possible spread of
fascioloidosis from Czech Republic to Poland (Kasny et al. 2012). Indeed, para-
sitological survey of cervids of the Lower Silesian Wilderness and Bory
Zielonogorskie (southwestern Poland) performed in the period of 2012-2013 and in
2015, respectively, confirmed presence of F. magna in red deer, roe deer and fallow
deer (Pyziel et al. 2014; Demiaszkiewicz et al. 2015). Molecular genotypization of
Polish flukes using mitochondrial markers revealed close genetic interrelationships
between Czech and Polish parasites (Kralova-Hromadova et al. 2015). These
findings indicate that giant liver fluke has spread to Lower Silesian Wilderness from
well-established Czech focus, and common name “the Czech Republic and
southwestern Poland” was suggested (Kralova-Hromadova et al. 2015).

It is important to mention, that the first record on fascioloidosis in Poland
originated from red deer from the Lower Silesian Forest in the southwestern Poland
in 1953 (Slusarski 1955). Since then, the occurrence of F. magna in Poland has not
been documented for almost 60 years. Was the parasite present in the southwestern
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Fig. 2.4 Details on European natural foci with confirmed natural infections of F. magna (codes
are explained in Table 2.2; map downloaded from www.johomaps.com)

Poland during the whole period from its first discovery in 1953 till present? Or does
the recent detection of F. magna represent a new finding of the fluke in that region?
Since fascioloidosis causes macroscopically visible pathological changes in livers
of infected animals, it is difficult to imagine how giant liver fluke could escape from
an attention of veterinarians and hunters for such a long time (Kralova-Hromadova
et al. 2015). More probable explanation is that F. magna was in 50s of the 20th
century detected as a sporadic finding, but did not establish permanent focus.

The recent results of Karamon et al. (2015) confirmed that a spread of fasci-
oloidosis is still ongoing and dynamic process which requires permanent moni-
toring. Giant liver fluke was found in fallow deer in southeastern region of Poland
(Podkarpackie Province), neighbouring with Slovakia. The ribosomal ITS2 markers
were applied for verification of the taxonomy of the fluke (Karamon et al. 2015).
Since the Polish population of F. magna from Podkarpackie Province was not
genotypized with mitochondrial markers, it can not be concluded where it originates
from. It is evident that F. magna is expanding to novel territories, what represents
potential threat for susceptible free-living and domestic ruminants.

Danube floodplain forests (DFF) The third European focus of fascioloidosis is
Danube floodplain forests (Fig. 2.3). The first finding of F. magna was documented
in fallow deer from game husbandry in Lower Austria in 1982 (Pfeiffer 1983). The
infected animal apparently originated from the Netherlands; however, the infection
did not result in establishment of the permanent focus and can be considered as a
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sporadic finding. The real outbreak of fascioloidosis in Danube region was docu-
mented in 90s of the 20th century, when giant liver fluke was detected in red deer in
southwestern Slovakia (Rajsky et al. 1994), across the Slovak-Hungarian border, in
the northwestern region of Hungary named Szigetkdz (Majoros and Sztojkov
1994), in Fischamend area in Austria (Winkelmayer and Prosl 2001), Baranja
region of eastern Croatia (Marinculi¢ et al. 2002) and recently in Serbia
(Marinkovi¢ et al. 2013). Since the first findings of the parasite in the respective
countries, F. magna has been regularly and repeatedly detected in the Danube
floodplain forests (see Table 2.2 and references therein), which represents a unique
biotope located on islands of the inland delta of the Danube River. The large
trans-border wetland area lacks ecological or human barriers for the movement of
cervids and dispersal of the infective stages of their parasites (Kralova-Hromadova
et al. 2011). This natural focus of fascioloidosis is still expanding and there is a high
risk that the parasite will be determined in further countries down the Danube River
(e.g. Romania), or neighbouring countries, such as Bosna and Herzegovina
(Sinanovic et al. 2013).

Red deer represent the most frequent and dominant definitive host in Danube
floodplain forests. Besides, fascioloidosis was detected also in fallow deer and roe
deer (see Table 2.2 and references therein). Danube floodplain forests represent so
far the only European natural focus with no documented F. magna infection in
domestic ruminants. High prevalence (over 60 %) was repeatedly detected in red
deer in southwestern Slovakia (Rajsky et al. 1994, 1995, 1996, 2002; §pakulové
et al. 1997), Fischamend in Austria (Winkelmayer and Prosl 2001; Ursprung and
Prosl 2011), in northwestern Hungary (Giczi 2008) and Baranja region in eastern
Croatia (Slavica et al. 2006).

Genetic interrelationships among F. magna populations from all European foci
using short variable fragments of mitochondrial coxl and nadl revealed two
independent phylogenetic lineages (Kralova-Hromadova et al. 2011). The Italian
population represented one phylogenetic lineage, while the second one included
populations from the Czech focus and the Danube floodplain forests. Molecular
data did not show any genetic relationships between flukes from Italy and other
European foci. It was confirmed that F. magna did not spread further to Europe
from Italy and this focus remained rather isolated. On the other hand, the results
indicated multiple introductions of F. magna to Europe (Kralova-Hromadova et al.
2011). More details on mitochondrial markers and their application in F. magna
studies are provided in Sect. 5.2.

Germany (DE) The first record on fascioloidosis in Germany originated from
1930, when F. magna was found in red deer in Lower Silesia, region neighbouring
Poland (Salomon 1932). This finding may be closely related with detection of F.
magna in red deer in the Lower Silesian Forest (southwestern Poland) in 1953
(Slusarski 1955). Similarly to the history of F. magna occurrence in Poland, it can
be hypothesized that after introduction of giant liver fluke to Germany, the per-
manent focus was not established maybe due to lack of some ecological factors.

More than seven decades later, Novobilsky et al. (2007) detected F. magna in
the southwestern border of the Czech Republic indicating a threat of its possible
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spread into Germany. This suspicion was proved to be correct, since fascioloidosis
in red deer, roe deer, sika deer, and fallow deer was reported in northeastern Bavaria
(Rehbein et al. 2012; Plotz et al. 2015). Fascioloides magna specimens from
Germany have not been genotypized, hence their exact origin is not known. Giant
liver fluke in Bavaria very probably originates from the Czech focus; however,
molecular characterization and studies on population genetics of the parasite in this
region need to be performed in order to determine its origin.

2.3 Sporadic Reports

In Europe, the occasional finding of fascioloidosis was reported from Spain
(Almarza 1935). In a global scale, fascioloidosis was documented in Brahman
heifer in the South Africa (Boomker and Dale-Kuys 1977), ox in Australia (Arundel
and Hamir 1982), and from wapiti in Cuba (Lorenzo et al. 1989). The giant liver
fluke was imported to these localities mainly from North America. Probably due to
unsuitable environmental and climate conditions, the life cycle of the parasite could
not be completed and permanent foci were not established (Pybus 2001).
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