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Abstract 

Introduction: Fascioloides magna is a parasite of high veterinary importance due to its pathogenicity for wild and domestic 

ruminants. The aim of our study was to describe the presence of trematode infection in the red deer population in the Lower Silesian 

Wilderness, one of the established fascioloidosis foci in Central Europe, and to assess the overall prevalence of F. magna in the 

studied area. In order to achieve this, a coprological study of different cervid species was performed. Material and Methods: The 

livers of 99 red deer were collected over three years and examined for the presence of trematodes. Prevalence and infection intensity 

was estimated and a histopathological analysis was performed. In addition, 172 faecal samples from red deer, fallow deer and roe 

deer were examined. Results: By year, Fascioloides magna was isolated from the livers of 2/30 (6.7%), 9/34 (26.5%) and 10/35 

(28.6%) red deer. Severe hepatic lesions, including massive tissue damage, extensive fibrosis, and cirrhotic changes in the liver 

parenchyma were observed. Faecal examination revealed the presence of F. magna eggs, with a prevalence of approximately 40%, 

50% and 53% in roe deer, fallow deer and red deer, respectively. Conclusion: The eggs of F. magna may be commonly excreted 

in the faeces of roe deer, as well as those of red deer and fallow deer. The presence of F. magna throughout the cervid population 

in the Lower Silesian Wilderness favours the risk of the trematode’s transmission to livestock or farmed deer. 
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Introduction 

Fascioloides magna is a giant liver fluke that 

primarily infects wild and domestic ruminants in North 

America (15, 24). The life cycle is typical for the 

Fasciolidae family and includes a wild ruminant as the 

definitive host, and the pond snail (Lymnaeidae) as the 

intermediate (6). It was introduced to Europe together 

with the North American cervids, from where it spread 

to new species of definitive hosts: red deer, fallow deer 

and roe deer (10, 15). Some natural fascioloidosis foci 

have become established in Europe, specifically in the 

Czech Republic, Italy, Croatia, Austria, Slovakia, Hungary 

and southwestern Poland (8, 9, 11, 15, 19, 27, 32). 

Fascioloides magna demonstrates high 

pathogenicity for infected wildlife, and hence is of high 

veterinary importance (16). The migration of juvenile 

flukes and the fibrous encapsulation of adult trematodes 

inside the liver result in mechanical damage of the 

parenchyma, organ enlargement and possibly liver 

failure (8). Therefore, the presence of flukes is 

associated with significant losses in body girth and 
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weight, as well as impaired reproduction in infected 

animals (10). 

The introduction of F. magna into Europe and its 

establishment as endemic, together with the recently 

increasing population of wild cervids (2) and number of 

deer farms (4), might favour the expansion of 

fascioloidosis foci and increase the risk of infection for 

domestic ruminants. 

The aim of our study was to describe F. magna 

infection in the red deer population in a natural 

fascioloidosis focus in Poland over three subsequent 

seasons, paying special attention to the 

pathomorphological changes taking place in the liver in 

the course of the disease. The study also investigates the 

occurrence of trematode eggs in the faeces of red deer, 

roe deer and fallow deer to assess the prevalence and 

epidemiological risk of F. magna infection. 

Material and Methods 

Study area. The Lower Silesian Wilderness is one 

of the largest continuous forests of central Europe, with 

a total area of 1,650 square kilometres. It is located in 

southwestern Poland, in the Lower Silesian and the 

Lubusz Voivodeships, near the border with Germany. 

The mean annual air temperature is 8.3°C. Annual 

precipitation is around 850 mm, with most of the rain 

falling in the summer. The area is predominantly flat, 

covered mostly by pine trees and crossed by a number of 

rivers, including the Kwisa, the Bóbr and the Szprotawa. 

The characteristic features of the region are the abundant 

mid-forest ponds, peat bogs, swamps and inland dunes 

(12). The Lower Silesian Wilderness has long been 

appreciated by hunters, both in Poland and abroad, 

because of the large number of red deer, roe deer, fallow 

deer and wild boar (33). 

Post-mortem examination. A total of 99 red deer 

were culled in the Ruszów Forest District, Lower 

Silesian Wilderness during the following hunting 

seasons: 2014 (n = 30), 2015 (n = 34) and 2017 (n = 35). 

The age and sex were determined for 60 animals. The 

animals were dissected by the hunters; the liver was 

collected and then immediately transported to the 

laboratory for examination. The size, shape, surface and 

cross-sections of the organs were assessed. 

Organs were cut into pieces 5 cm in diameter, then 

compressed and rinsed in tap water so that the flukes and 

their eggs could leave the bile ducts. The decanted liver 

sediment was examined under a stereoscopic microscope 

(PZO, Warsaw, Poland) at 10× magnification. The 

isolated flukes were identified on the basis of 

morphometrical features (6, 31) and counted. The 

number of identified flukes was assumed to reflect the 

intensity of infection. 

Histopathological analysis. Liver samples were 

collected from the areas of visible gross lesions, fixed in 

10% buffered formalin and taken for histopathology 

examination. 

Under laboratory conditions, the organ samples 

were macroscopically examined. Subsequently, tissue 

samples were taken from the borderline areas of 

macroscopic lesions and normal tissue. Liver sections 

were placed in histological cassettes, washed out with 

formalin and then dehydrated in graded ethanol and 

xylene baths. The tissue samples were then embedded in 

paraffin blocks, cut into 4 µm-thick histological 

sections, and then stained with haematoxylin and eosin. 

Microscopic evaluation was performed at 10× and  

40× magnification, and the stained tissue section was 

photographed. The liver tissue and abomasum wall 

tissue were examined using an Axiolab A5 light 

microscope with an Axiocam 208 Color microscope 

camera and ZEN 3.0 software (Zeiss, Jena, Germany). 

The liver analysis was performed by two independent 

blinded observers: each had a PhD in veterinary 

medicine and was a specialist in veterinary laboratory 

diagnostics and the pathology of wild animals. 

Faecal examination. A total of 170 faecal samples 

were collected in February and June, 2015 and 2017, in 

the Krzystkowice Forest District, Lower Silesian 

Wilderness: 73 from red deer, 52 from roe deer and  

45 from fallow deer. To avoid pseudoreplication, the 

sampling strategy included both temporal and spatial 

stratification, i.e. no more than two faecal samples were 

collected from a given area at the same time. The 

samples were transported at 4°C and examined in the 

laboratory within five days of collection. In the 

laboratory, the samples were examined for trematode 

presence: briefly, 3 g amounts of each sample were 

decanted in tap water according to Żarnowski and 

Josztowa (34). The samples were observed under  

a stereoscopic microscope (PZO) at 40× magnification. 

The eggs were identified to the species or genus level on 

the basis of morphometrical features (6, 18). The degree 

of parasitic infection was characterised by prevalence, 

defined as the percentage of deer faecal samples in 

which at least one F. magna egg was detected, and by 

intensity, defined as the number of F. magna eggs in 1 g 

of faeces (EPG). 

Statistical analysis. Categorical variables were 

presented as counts and percentages. These values were 

compared between groups using the maximum-

likelihood G test; however, if the expected count in any 

cell of the contingency table was < 5, Fisher’s exact test 

was used. The 95% confidence intervals (CI 95%) for 

the proportions were calculated using the Wilson score 

method (1). Numerical variables were summarised 

based on median and range; interquartile range was 

included if the number of measurements was > 5. 

Forward error correction was compared using the 

Mann–Whitney U-test (two groups) in the case of two 

groups and the Kruskal–Wallis H-test for more than two 

groups. If the result was significant, it was followed by 

Dunn’s post-hoc test. All tests were two-sided. The 

significance level (α) was set at 0.05. Statistical analysis 

was performed in TIBCO Statistica 13.3 (TIBCO 

Software Inc., Palo Alto, CA, USA). 
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Results  

Parasitological findings. Fascioloides magna 

(Fig. 1) was isolated from the livers of two (6.7%) red 

deer examined in 2014, nine (26.5%) in 2016 and ten 

(28.6%) in 2017. A significantly higher prevalence of 

infection was observed in the red deer examined in 2016 

and 2017 compared to 2014 (P = 0.040). Infection 

intensity varied from 2 to 24 trematodes (Table 1). All 

infected animals except one were adults. 

 

 
 

Fig. 1. Fascioloides magna isolated from a pseudocyst in the liver 

parenchyma of an infected red deer 
 

 

Macroscopic examination. Gross examination 

revealed the presence of severe hepatic lesions in the 

infected animals. The organs were enlarged, with 

rounded edges and a tender consistency. The lymph 

nodes were also enlarged and darkly pigmented. Large 

areas of the liver surface on the diaphragm side were 

covered with fibrin, and dark irregular linear streaks 

were sometimes observed (Fig. 2A). One to five 

superficial cystic yellowish structures were visible 

through the liver capsule (Fig. 2B). In cross section, they 

resembled thick-walled pseudocysts, 2 to 7 cm in 

diameter, and were connected with the bile ducts; these 

were filled with flukes and dark brown liquid, together 

with hundreds of trematode eggs (Fig. 1). One to six 

trematodes 5.5 to 8.5 cm long were isolated from each 

capsule; however, smaller parasites 4.0 to 4.5 cm long 

were also found migrating through the liver parenchyma. 

Some cysts contained partially decomposed dead flukes. 

Fibrous connective tissue with haematin deposits of 

various sizes was visible in the liver parenchyma. 

Histopathological findings. In samples derived 

from different animals (n = 5), the lesions all had  

a similar character and severity, although in one animal, 

the lesions were less severe. All individuals showed 

moderate to severe disturbances in liver architecture, 

with the lobular structure of the parenchyma being 

obliterated. A higher degree of fibrosis was visible, 

especially around and between the portal fields, but also 

around the central veins, accompanied by stimulation 

and hyperplasia of the liver stroma (Fig. 3D). Around the 

hypertrophic connective tissue, bile ducts with mucosal 

epithelial hyperplasia and arterial blood vessels with 

medial (muscular) membrane hypertrophy could be 

seen. Numerous small and medium-sized hepatocyte 

necrosis foci were also visible in the parenchyma  

(Fig. 3B). The described changes were accompanied by 

a significant lymphocytic-plasmacytic infiltration, with 

a smaller component of histiocytes (Fig. 3A). Numerous 

iridescent oval structures (suggesting parasite eggs) 

were observed in the liver tissues (Fig. 3C). The 

pathological changes were suggestive of cirrhosis of the 

liver, resulting mainly from chronic damage to the gates 

and bile spaces with the accompanying lymphocytic-

histiocytic inflammation. 

Coprological examination. Fascioloides magna 

eggs (Fig. 4) were found in 53.4% (CI 95%: 42.1%–

64.4%) of the studied red deer faeces, as well as in 

51.1% (CI 95%: 37.0%–65.0%) of those of fallow deer, 

and 40.4% (CI 95%: 28.2%–53.9%) of roe deer material. 

No significant differences in the prevalence or the 

intensity were found between the studied cervid species 

or years of sample collection (Table 2). Fascioloides 

magna was found to be the most prevalent parasite in 

fallow deer and the third most prevalent in roe and  

red deer. 
 

 

 
 

Fig. 2. A – Surface of infected red deer liver covered with fibrin; B – A pseudocyst visible through the liver capsule 
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Table 1. Prevalence and intensity of infection of Fascioloides magna in the livers of red deer from the Lower 

Silesian Wilderness during the three hunting seasons of the study 
 

Year Number of examined red deer Number of infected red deer Prevalence (CI 95%) Intensity 

2014  30 2 6.7 (1.8–21.3) 2, 9 

2016  34 9 26.5 (14.6–43.1) 2–19 a 

2017  35 10 28.6 (16.3–45.1) 9, 3–24 b 
 

a – range; b – median and range 

 
Table 2. Prevalence and number of Fascioloides magna eggs per gram of faeces (EPG) in roe deer, red deer 

and fallow deer in 2015 and 2017 
 

 Year of sampling  

 2015 2017 P value 

Roe deer  

 n = 35 n = 17  

Prevalence a 16 (45.7; 30.5–61.8) 5 (29.4; 13.3–53.1) 0.256 

FEC (EPG) b  18, 4–35 (1–84) 2, 1–6 (1–83) 0.160 

Red deer 

 n = 61  n = 12  

Prevalence a 32 (52.5; 40.2–64.5) 7 (58.3; 32.0–80.7) 0.709 

FEC (EPG) b  25, 11–43 (1–97) 31, 11–219 (3–395) 0.419 

Fallow deer  

 n = 33 n = 12  

Prevalence a 16 (48.5; 32.5–64.8) 7 (58.3; 32.0–80.7) 0.558 

FEC (EPG) b  12, 5–26 (1–76) 33, 14–57 (11–63) 0.181 
 

FEC – faecal egg count; a – presented as the number of infected (%; 95% confidence interval) and compared 
using the maximum-likelihood G-test; b – presented as the median, interquartile range (range) and compared 

using the Mann–Whitney U test 

 

 
Fig. 3. Histopathological picture of the liver parenchyma in the course of trematode infection. A – Focus of 

lymphoplasmacytic inflammatory infiltrates in the liver parenchyma; B – Coagulative necrosis of individual hepatocytes 

mixed with inflammatory cells; C – Oval structures with an opaque sheath embedded in the liver parenchyma suggestive 

of parasite eggs; D – Extensive areas of fibrosis of the liver parenchyma with a central focus of the necrotic area 
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Fig. 4. Eggs of Fascioloides magna isolated from the liver of  

an infected red deer 

Discussion  

Fascioloides magna was introduced to Europe in 

the 19th century with imported game animals (3, 30). 

Since then, it has become a parasite of veterinary 

importance, having spread to a variety of wild and 

domestic ruminant species in a number of European 

countries on both sides of the Danube: over 90% of red 

deer in some regions of the Czech Republic were found 

to be infected with F. magna (11), as well as 20%–100% 

of animals in Austria (29), over 50% in Croatia (9) and 

33% to over 90% in Hungary (22). 

The fascioloidosis foci known to exist in Europe 

continue to expand (11, 23), and this was reflected in our 

study. The prevalence of infection in the studied area 

was found to significantly increase from 2014 to 2016 

and 2017, and previous studies of cervids in the Lower 

Silesian Wilderness confirmed a similar trend of parasite 

expansion to new hosts and territories (5, 8, 26). Two 

key environmental risk factors for F. magna infection 

are soil type and the possibility of flooding and water 

accumulation, both of which favour the presence of the 

intermediate host (13); furthermore, parasite spread may 

be exacerbated by the growing population of cervids in 

the Lower Silesian Wilderness, integral to which are the 

recent introduction of fallow deer and the increasing 

popularity of deer farming (8).  

In the present study, only one infected calf was 

observed among all the examined red deer. This is to be 

expected, as the prevalence of F. magna in the definitive 

host has been found to increase with age (17, 21). This 

is probably due to the different diet and immunological 

status of younger animals (8). 

The pathomorphological changes observed in the 

livers of infected red deer indicate considerable and 

permanent damage to the parenchyma, one such change 

being scarring, leading to cirrhosis and possible 

permanent loss of organ function. The histopathological 

examination confirmed the presence of parasites and 

eggs in the liver parenchyma. The pathogenic effect of 

fascioloidosis depends on the host type (7). Red deer, the 

typical definitive host in Europe, often do not show any 

clinical signs of the disease or deterioration of the 

condition, even when a considerable burden of infection 

and changes in the liver tissue are present (8, 19, 20); 

this was also confirmed in our study. However, the 

observed damage to the liver parenchyma was extensive 

and permanent, which would have affected the 

haemodynamics of the hepatic circulation and thus the 

function of the organ. 

Coprological examination revealed the presence of 

F. magna eggs in all examined cervid species. While red 

deer and fallow deer are considered the definitive hosts 

of F. magna in Europe, participating in its spread in the 

environment (8, 16), roe deer are thought to be  

an aberrant host, i.e. one less adapted to infection and 

not passing trematode eggs in faeces. In aberrant hosts, 

pseudocysts fail to develop in the liver parenchyma, 

leading to constant migration of the juvenile fluke in the 

liver. This movement causes excessive tissue damage 

and severe haemorrhage, which often bring about the 

death of the animal (16). However, recent reports of 

fascioloidosis in roe deer have indicated the presence of 

juvenile trematodes in the liver parenchyma and of 

adults in the pseudocysts producing eggs (5, 13); this 

could reflect a potential adaptation of roe deer to survive 

F. magna infection. As such, roe deer should also be 

considered to play a potential role in F. magna 

transmission. The excretion by over 40% of the 

examined roe deer of F. magna eggs into the 

environment is also suggestive of their involvement in 

transmission. It is therefore possible that this co-

evolutionary host–parasite relationship, together with 

the co-occurrence of numerous different cervid species, 

may be responsible for the relatively high prevalence of 

the F. magna eggs observed in the Lower Silesian 

Wilderness. 

Limiting the proliferation of trematode infection 

among the different wild cervid species in the Lower 

Silesian Wilderness might be challenging. Attempts to 

counteract the spread of fascioloidosis have already been 

made in the Krzystkowice Forest District, where a drug 

containing albendazole was administered to red deer in 

the form of licks (Demiaszkiewicz, personal 

communication), albeit unsuccessfully. Deworming of 

wildlife species is often inefficient because of numerous 

difficulties in the selection of the appropriate 

anthelminthic dose, the method of drug administration, 

reliable measurement of the deworming effectiveness 

and the risk of encouraging anthelminthic resistance  

(14, 25). 

Although the hosts appear to have adapted to some 

degree to accommodate fascioloidosis, it should still be 

considered one of the most dangerous parasitic diseases 

of wild and domestic ruminants (10, 13, 28). The 

presence of F. magna in all cervid species in the Lower 

Silesian Wilderness increases the risk of transmission to 

livestock and farmed deer. Therefore, special attention 

must be paid to regular deworming and parasitological 

examination of farmed animals at risk of fascioloidosis 
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and to limiting their contact with both definitive and 

intermediate hosts of the trematode. Further studies are 

needed to monitor the spread of the parasite, to 

determine the potential expansion of natural 

fascioloidosis foci in the Lower Silesian Wilderness, and 

to follow the changing relationships of F. magna to its 

European hosts. 
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