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Abstract 

Introduction: The giant liver fluke, Fascioloides magna, has spread across Europe over the years posing a serious threat to 

the Polish cervid population. Material and Methods: Macroscopic and histopathological studies of the liver of 22 roe deer 

(Capreolus capreolus), 10 red deer (Cervus elaphus), and 6 fallow deer (Dama dama) were performed. Species determination of 

the recovered liver flukes and eggs was performed by PCR protocol amplifying fragments of ribosomal DNA (ITS2), according 

to a standard method. Results: The presence of F. magna was confirmed in three (13.6%) roe deer, seven (70.0%) red deer, and 

two (33.3%) fallow deer. The fluke eggs were found only in the stools of five red deer and one fallow deer. Conclusion: This 

study presents detailed pathological and histopathological changes in the liver of wild Polish cervids, including roe deer, which 

were subjected to such study for the first time. The hepatic lesions typical for different stages of liver cirrhosis varied depending 

on the host species and stage of the disease. 
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Introduction 

Non-native wild game species, including the white-

tailed deer (Odocoileus virginianus) and wapiti (Cervus 

elaphus canadensis), were introduced to Europe in the late 

nineteenth century (4). Some animals carried parasites and 

among them was Fascioloides magna, previously 

unknown on the continent. The liver fluke F. magna 

(Trematoda: Fasciolidae) is important in veterinary 

science and has a complex life cycle that includes 

intermediate snail hosts (Lymnaeidae) and definitive 

mammalian hosts (ungulates) (4). In Europe, the definitive 

host group includes roe deer (Cervus elaphus), red deer 

(Capreolus capreolus), and fallow deer (Dama dama) 

(16). There has been an increase in the number of 

infections by this parasite in Central Europe in recent 

years. The giant liver fluke has established three 

permanent natural foci: La Mandria Regional Park in 

northern Italy, the Danube floodplain forests, including 

Austria, Slovakia, Hungary, Croatia, and Serbia, and lastly 

the Czech Republic and southwestern Poland (7, 11, 12, 

15, 18, 22). F. magna was first noted in red deer in Poland 

by Salomon in 1932 (19), followed by Ślusarski in 1953 

(21). The infection was regional, affecting several parts of 

Silesia into which wapiti had previously been imported. 

The spread of this parasite among wild cervids (mainly 

roe and red deer) and in herds of farmed fallow deer is 

now encompassing larger areas of southern Poland (2, 3, 

6, 17). The study presented here indicates detailed 

pathological and histopathological changes in the liver of 

wild cervids, including roe deer in Poland, which were 

subjected to such study for the first time. Giant liver flukes 

are pathogenic for their hosts, causing extensive 

pathological changes in the liver. Migration of immature 

flukes in the liver tissue results in the creation of tunnels 

within the hepatic parenchyma, and the parasites’ eggs 

may block bile ducts or stimulate the production of  

a pseudocyst, which may rupture the hepatic parenchyma 

via pressure atrophy (16). In roe deer, an infection with  

a few flukes may cause severe symptoms and may lead to 
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death, even if these lesions are much smaller than in red 

deer (4). Coproscopic and post-mortem examinations in 

roe, red, and fallow deer indicate that F. magna is 

spreading to new areas of southern Poland and poses a real 

threat to the native cervid population. The aim of the study 

was to assess the nature and extent of lesions caused by 

the F. magna liver fluke in three species of wild cervid 

and to confirm this infection using coproscopic and 

molecular methods. 

Material and Methods 

The study was carried out on harvested roe deer, red 

deer, and fallow deer from the southwest part of Poland 

(Lower Silesia, Jawor) and the Lubusz region (Nowogród 

Bobrzański) (Fig. 1). The animals were shot as part of  

a programme controlling the deer population and their 

livers were submitted to the Laboratory of Ecology and 

Diseases of Game at the University of Environmental and 

Life Sciences in Wroclaw. The liver of 38 wild cervids 

(22 roe deer, 10 red deer, and 6 fallow deer) was assessed. 

Liver samples were fixed in 8% buffered formalin, and 4 

µm thick paraffin sections were stained with haematoxylin 

and eosin. Parasitological examination of faecal samples 

from the recta of 19 roe deer, 9 red deer, and 1 fallow deer 

were also performed. Decantation according to the method 

of Żarnowski and Josztowa (24) was performed on three 

grams of stool to evaluate the presence of parasite eggs. 

Parasites removed from the liver were examined 

macroscopically and with the use of a stereo microscope 

(magnification 10–20×). Liver flukes were preserved in 

75% ethyl alcohol. Species determination of the recovered 

flukes was performed by PCR protocol amplifying 

fragments of ribosomal DNA (ITS2), according to  

a standard method. Universal and species-specific primers 

designed for F. magna and F. hepatica were used in 

molecular studies (1, 10) and are described in Tables 1 

and 2. The genomic DNA was isolated from 20 mg of 

adult F. magna tissue obtained from parenchymatous liver 

cysts, 30 eggs of F. magna fixed in 75% ethanol, and  

20 mg of a homogenised liver sample using the 

GeneMATRIX Tissue DNA Purification Kit (EURx, 

Poland) according to the manufacturer’s recommen-

dations. It was later diluted in 50 μL of deionised water 

and stored at −20°C. The conditions necessary to perform 

the reaction using species-specific primers are presented in 

Table 3. The obtained PCR products were sequenced 

(Genomed, Poland), and the sequence was assessed using 

the BLAST Sequence Analysis Tool 

(http://blast.ncbi.nlm.nih.gov). 

 
Fig. 1. Distribution of F. magna in Poland – the study region 

 

Table 1. Species-specific primers used to identify Fasciola hepatica 
(FH) and Fascioloides magna (FM) and targeted to amplify 

ribosomal ITS2 (10)  

Sequence PCR product size  

FH_ITS_SPEC_F 

5’-CTTATGATTTCTGGGATAATT-3’ 
112 bp 

FH_ITS_SPEC_R 

5’-CCGTCGCTATATGAAAA-3’ 

FM_ITS_SPEC_F 
5’-ACCAGTTATCGTTGTGTTG-3’ 

152 bp 
FM_ITS_SPEC_R 

5’-CCGTCTTTAAACAACAG-3’  

Table 2. Universal primers designed for F. magna and F. hepatica 
used to amplify ribosomal ITS2 and targeted to develop the 

sequenced product  

Sequence  
PCR product 

size  

FAS_uni1 

5’-CTATCACGACGCCCAAAAAGTCGT-3’ 
 358 bp 

FAS_uni2 
5’-GAAGACTGATCACGAAGGATACC-3’ 

 

 

Table 3. PCR conditions when using species-specific and universal primers  

 Species-specific primers Universal primers 

Initial denaturation 94°C / 5 min 94°C / 3 min 

Amplification 

denaturation 94°C / 1 min 94°C / 30 s 

annealing 51°C / 1 min 54°C / 30 s 

elongation 72°C / 2 min 72°C / 30 s 

Number of cycles 30 30 

 

Table 4. Intensity of hepatic lesions and the presence of parasite eggs  

                                                              Liver Stool 

Species 
Number of 

tested 

samples 

Number of 
samples with 

flukes 

Intensity of the lesions 
Number of 

tested 

samples 

Number of 

samples with 

eggs of  
F. magna 

severe         mild none 

Roe deer 22 3 (13.6%) 8 (36.4%) 7 (31.8%) 7 (31.8%) 19 - 

Red deer 10 7 (70.0%) 8 (80.0%) 2 (20.0%) 0 (0%) 8 5 
Fallow deer 6 2 (33.3%) 3 (50.0%) 2 (33.3%) 1 (16.7%) 1 1 
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Results  

Out of 22 roe deer, 10 red deer, and 6 fallow deer 

livers, the presence of flukes was confirmed in three 

(13.6%), seven (70.0%), and two (33.3%) respectively. 

Hepatic lesions varied depending on the host species 

and stage of the disease. Extensive hepatic changes 

covering the whole organ were described as severe but 

localised mild hepatic lesions were also observed 

(Table 4). Perforations and milk spots were visible on 

the capsular surface of the liver at an early stage of the 

infection and indicated the site of liver penetration by 

the migrating flukes (Fig. 2). The migration of young 

flukes through the liver parenchyma caused the 

formation of dark-brown irregular linear depressions 

particularly visible in roe deer. These were the 

remnants of organised small tunnels (Fig. 3). As the 

flukes grew, they created increasingly larger migratory 

tunnels of up to 1–3 cm in diameter, which were filled 

with blood or dark brown clots (due to the presence of 

haematin). Secondary bacterial infections occurred in 

some of the animals and necrotic foci of various sizes 

were formed. These were yellowish in colour or were 

filled with blood and haematin. The advancing fibrosis 

led to the development of various liver deformations 

and scarring. Fibrin was present in small amounts on 

the liver capsule of the roe deer. In the red deer and 

fallow deer, large areas of the liver capsule were coated 

with fibrin of a jagged or filamentous structure, which 

formed adhesions between the liver and the surface of 

the diaphragm. From one to four cystic structures 

located superficially, 6–8 cm large, consisting of a  

2–3 mm thick wall and filled with a dark brown fluid 

were also found, particularly in fallow deer. Adult 

flukes were present in the migratory tunnels and cysts 

(Fig. 4). In red deer liver, from under ten to several 

dozen flukes were found, which ranged in size from 6 

to 9 cm. The fluke infections were less marked in 

fallow deer. In roe deer, on the other hand, cysts 

containing three to four adult flukes were found 

sporadically. They were found in 2 out of the 6 

examined fallow deer and 3 out of the 22 roe deer. In 

advanced stages of infection, bloody, serous, dark-

brown exudate was present in the peritoneal cavity, 

which stained the omentum and other organs. The walls 

of the migratory tunnels underwent gradual 

organisation as they transformed into fibrous 

connective tissue with deposits of haematin of various 

sizes, visible in the microscopic examination (Fig. 5). 

Lymphocytic and histiocytic infiltrates were present in 

certain areas and indicated local inflammation. The 

peripheral bile ducts were proliferated. The lumen of 

the tunnel decreased or was divided by the growing 

connective tissue leading to the formation of numerous 

fissures. The walls of the large cystic formations had  

a similar structure, although they were much thicker, 

indicating collagenisation. These cystic structures were 

most likely local expansions of the migratory tunnels. 

Fluke eggs were present in cysts as well as in the tunnel 

fissures.  

Using the sedimentation method, fluke eggs were 

found in the stools of five red deer and one fallow deer. 

They were not found in those of any roe deer (Table 4). 

An F. magna infection was also confirmed using PCR 

with DNA isolated from adult fluke, fluke eggs, and 

liver homogenate (Fig. 6), while the BLAST Sequence 

Analysis Tool confirmed the obtained sequences. None 

of the tested animals had an F. hepatica infection, 

which nevertheless does occur naturally in Polish 

ruminants. 

 

 
Fig. 2. Red deer liver – point perforations and condensations of the 
capsule indicate the migratory route of the juvenile flukes in the 

digestive tract and liver  

 

 
Fig. 3. Roe deer liver – dark-brown irregular linear depression visible 

on the surface of the organ   

 

 
Fig. 4. Roe deer liver – a fluke is visible in the hepatic cyst  

 



  

 

 
Fig. 5. Red deer liver – a fibrotic wall of the liver tunnel filled with 
haematin created by a migrating fluke. Numerous fluke eggs are 

visible in the lumen of the tunnel 

 

 
 
Fig. 6. An electrophoresis image showing the obtained PCR products 

using (A) – specific F. magna primers and (B) – universal FAS 

primers for F. magna and F. hepatica. 1 – homogenised liver sample, 
2 – eggs, 3 – adult F. magna, 4 – adult F. hepatica, 5 – negative 

control 

Discussion  

Observations carried out in numerous European 

countries indicate a spread of F. magna infection in 

cervids. In Croatia, over 50% of the red deer population 

is affected by this fluke (18). In the Czech Republic, in 

some areas, up to 95% of deer suffer from an F. magna 

infection (14) and 20–100% of red deer are affected in 

the single infected population east of Vienna in Austria 

(20, 22). A fluke infection is commonly diagnosed 

using faecal examination (the decantation method). 

However, the diagnosis is quite difficult as F. magna 

eggs have a similar appearance to those of F. hepatica. 

Therefore, the authors of this study decided to use  

a molecular method to differentiate these two flukes. 

Environmental factors play a key role in the prevalence 

and intensity of the fluke infection (23) and are more 

important in its development than the density of the 

animal population (12). On the one hand, the most 

dangerous areas for wild game are floodplain and 

swamp habitats since infections are usually limited to 

these territories. On the other hand, most hunting 

grounds contain single or multiple wetlands where 

flukes can multiply. In one of the studied hunting 

grounds where wetlands accounted for less than 10% of 

the total area, there was a mass fluke infection and  

a significant decrease in the roe deer population (23). 

Another factor which contributes to the spread of the 

infection is the tendency of deer to cover long distances 

and disseminate fluke eggs (16). Obviously, the role of 

snails infected with developing larval stages, which 

migrate along watercourses transmitting infections has 

been underestimated. The Danube River was found to 

be a primary transmission route of this fluke species in 

Europe. Molecular studies have shown that the Czech 

fluke haplotype is convergent with that found in other 

Danube countries, suggesting the parasite was 

transported from the Czech Republic to Hungary, 

Austria, and Croatia (9, 20). Further studies in the 

Czech Republic have shown the spread of F. magna 

foci not only in the south-western parts of the country 

but also in the west, near the German border and in the 

north, near the Polish border (7). Recent molecular 

research on giant liver fluke specimens from south-

western Poland based on mitochondrial markers (cox1 

and nad1) revealed the genetic uniformity of F. magna 

specimens from Poland with certain specimens from  

a Czech natural focus (8). The outbreak area which we 

identified is located near Nowogród Bobrzański, which, 

in turn, is situated roughly 60 km from Bolesławiec, 

where the occurrence of F. magna was first described 

by Salomon in 1932 (19) and Ślusarski in 1955 (21). 

The Bóbr and Kwisa rivers, which pass through 

Bolesławiec, flow to Nowogród. Hence, the F. magna 

fluke was most likely primarily transmitted through 

that route. In recent years the introduction of cervids 

across Poland, particularly the fallow deer, may also 

play an important role in the transmission of the  

F. magna fluke. The number of fallow deer farms is 

growing rapidly, and rearing conditions may contribute 

to parasite infections (6). Fallow deer are eagerly 

bought by hunters and placed in open hunting grounds, 

where their parasite fauna is released into the 

environment, leading to further sources of infection.  

The gross and histopathological examinations 

reveal typical lesions for different stages of liver 

cirrhosis. However, fluke development was blocked in 

the roe deer at an early stage of migration, while in 

fallow deer, the same as in Karamon et al. (6), and in 

red deer, the same as in Demiaszkiewicz et al. (3), it 

was followed by the formation of cysts with adult 

flukes and by egg production. The stool analysis of 19 

studied roe deer did not indicate the presence of fluke 

eggs, despite substantial changes in the liver of some of 

these animals. Therefore, red deer and fallow deer are 

the only species which are responsible for spreading 

this parasite in Poland. Despite this, infection of  

F. magna usually leads to severe clinical changes in roe 

deer. It is remarkable that despite a considerable burden 

of infection with over 100 F. magna flukes per 

individual possible, the European red deer and fallow 

deer do not usually show any clinical signs or even 

moderate decline in their condition (13, 16). In roe 

deer, infection with a few flukes may cause severe 
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symptoms and may lead to death, even if these lesions 

are much smaller than in red deer (4). This leads to the 

suggestion that the cause of death of these animals is 

not so much damage and dysfunction of the liver, but 

an uncontrolled immune response to the presence of the 

fluke. We found that only adult deer were infected with 

F. magna fluke. No lesions were present in the liver of 

deer calves, nor were there any fluke eggs present in 

their stool. This is presumably due to the fact that 

young deer suckle milk until winter and ingest smaller 

amounts of more delicate and drier plants than adult 

animals. In winter, most of the metacercariae die, and it 

is not until spring that the intermediate snail hosts are 

infected, which leads to a mass emergence of 

metacercariae within two to three months (5). It is 

worth noting that none of the tested animals had an  

F. hepatica infection, which is known to occur 

naturally in Polish ruminants. Even the smallest 

isolated flukes showed morphological and molecular 

characteristics of juvenile forms of F. magna. This may 

suggest that in some areas, a new, dynamic species of 

the American fluke has replaced the endemic  

F. hepatica. 
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