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Summary 
 
Infection with the larval stage of Echinococcus multilocu-
laris was diagnosed in musk rat (Ondatra zibethicus) in the 
Slovak Republic. At necropsy, massively enlarged liver 
with numbers of abscess-like lesions up to 1.5 cm in dia-
meter was found. Histological examination shoved the pre-
sence of typical multivesicular cysts with multiple protos-
coleces and typical laminated layer. Polymerase chain 
reaction confirmed the diagnosis. According to our know-
ledge, this is the first documentation of Echinococcus mul-
tilocularis in naturally infected rodent in territory of the 
Slovak Republic.   
 
Key words: Echinococcus multilocularis; intermediate 
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Introduction 
 
Alveolar echinococcosis caused by the larval stage of the 
fox tapeworm Echinococcus multilocularis, is the one of 
the most dangerous zoonoses in man. The geographical po-
sition of Slovakia provides suitable conditions for trans-
mission and spread of this zoonosis which presents a topi-
cal health and veterinary problem (Turčeková et al., 2004). 
The natural cycle predominantly involves foxes, but also 
other carnivores as definitive hosts and many species of ro-
dents as intermediate hosts. Humans and other mammals as 
accidental hosts, which do not play role in the transmission 
of the parasite, may be infected. In Slovakia, E. multilo-
cularis was for the first time detected in red foxes in 1999 
(Dubinský et al., 1999). Recent studies have shown the 
presence of the parasite in all districts of the country (Mi-
terpáková et al., 2003). High-endemic foci with an estimat-
ed prevalence of more than 60 % in some districts were 
detected in northern part of the country (Žilina and Prešov 
regions). Also the first five cases of autochthonous alveolar           

...... 
 
echinococcosis in the Slovak Republic were diagnosed 
from 2001 in patients living in districts of northern and 
central parts of the country distinguished by the highest 
prevalence and mean worm burden of E. multilocularis in 
foxes (Kinčeková et al., 2001, 2002, 2005). Despite the 
high prevalence in the definitive hosts, infection rate in vo-
les, the main intermediate hosts, is relatively low in general 
(< 1 %) (Viel et al., 1999). But it is thought that the foxes 
eat enough number of voles necessary to maintain the life 
cycle of E. multilocularis, because the foxes prefer voles as 
the main foods. The main aim of this study was to investi-
gate small mammals for the presence of E. multilocularis 
larval stage and provide the evidence for the existence of a 
complete natural cycle of the tapeworm in the territory of 
the Slovak Republic. 
 
Material and Methods 
 
Between the October 2002 and October 2005 totally 452 
small mammals coming from different areas of Košice and 
Prešov regions were investigated for the presence of larval 
stages of E. multilocularis. Animals belonged to 12 spe-
cies, namely Apodemus agrarius – striped field mouse 
(Pallas, 1711), Apodemus flavicollis – yellow-necked mou-
se (Melchior, 1834), Apodemus microps – pygmy field 
mouse (Kratochvíl & Rosický, 1952), Mus musculus – 
house mouse (Linaeus, 1758), Rattus norvegicus – brown 
rat (Berkenhout, 1769), Clethrionomys glareolus – bank 
vole (Schreber, 1780), Microtus arvalis – common vole 
(Pallas, 1778), Pitymys subterraneus – common pine vole 
(de Sélys-Longchaps, 1836) Ondatra zibethicus – musk rat 
(Linnaeus, 1766), Sorex arraneus – common shrew (Lin-
naeus, 1758), Sorex minutus – pygmy shrew (Linnaeus, 
1766), and Neomys fodiens – water shrew (Pennant, 1771). 
The livers of animals were examined macroscopically for 
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the presence of the cysts. Cysts found were resected and 
divided into three parts. Small pieces of the lesions were 
compress between two glass slides and examined under 
microscope. The second part was fixed in 4 % formalde-
hyde and subsequently examined histologically using hae-
matoxylin-eosin staining. The third part was preserved in 
70 % ethanol. DNA was isolated and then amplified by 
nested PCR according to Dinkel (1998). Shortly, samples 
from liver lesions were digested in mixture of digestive so-
lution (10 mM Tris HCl, pH 7.5; 10 mM EDTA, pH 8.0; 
50 mM NaCl; 2 % SDS, pH 7.5), proteinase K and dithio-

..... 

threitol. After extraction with phenol-chloroform-isoamyl 
alcohol (25:24:1) DNA was precipitated with ethanol and 3 
M sodium acetate at - 20°C. Following drying, DNA was 
suspended in 200 µl PCR water. The target sequence for 
amplification is part of E. multilocularis mitochondrial 12S 
rRNA gene. The PCR was conducted in two steps. For the 
first PCR, the primer pair P60.for and P375.rev was used. 
In a second step, the primer pair Pnest.for and Pnest. rev 
was used for nested PCR. After amplification, 10 µl of 
PCR products was visualised on a 1.5 % agarose gel con-
taining 1 µg.ml-1 ethidium bromide.  

 

 
Table 1. Species composition of small mammals investigated for alveolar echinococcosis 

 
Order Species Investigated Infected 

Apodemus agrarius 245 0 
Apodemus flavicollis 72 0 
Apodemus microps 23 0 

Mus musculus 2 0 
Rattus norvegicus 15 0 

Clethrionomys glareolus 46 0 
Microtus arvalis 12 0 

Rodentia 
 

Ondatra zibethicus 23 1 
Sorex araneus 10 0 
Sorex minutus 1 0 

Pitymys subterraneus 2 0 Insectivora 

Neomys fodiens 1 0 
Total 452 1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 1. Pathological findings. Enlarged liver from the musk rat with 
numbers of cysts (arrow) caused by Echinococcus multilocularis 
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Fig. 2. Microscopically, protoscoleces (63 ×) (A) and protoscolex-
hooks (200 ×) (B) were found in compressed tissue of liver lesions 

A 
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Results  
 
Out of 452 small mammals examined (Table 1) only one 
musk rat (Ondatra zibethicus) was harbouring Echinococ-
cus multilocularis metacestode in its liver. Positive animal 
originated from natural locality of the river Torysa near Se-
niakovce village (Prešov district). Macroscopically, the li-
ver was massively enlarged and whole surface was covered 
with abscess-like lesions up to 1.5 cm in diameter. The 
whole parenchyma was fulfilled with numerous cysts pro-
tuberant above the liver surface (Fig. 1). In compressed 
pieces of the lesions, high number of protoscoleces and 
protoscolex-hooks were found under the microscope (Fig. 
2a, b). Histological examination revealed the presence of 
multivesicular cysts with typical outer laminated layer. In 
some cysts the necrosis was observed (Fig. 3a). Granulo-
matous reaction was evident in the periphery of the lesions, 
accompanied by marked inflammatory cell infiltration. 
Numbers of protoscoleces were recognized in the majority 
of the sectioned cysts (Fig. 3b, c). Diagnosis was confir-
med using nested PCR in which the part of E. multilo-
cularis mitochondrial 12S rRNA gene (250 bp), isolated 
from the liver lesions, was amplified (Fig. 4).  
 

 
Discussion 
 
Circulation of helminthes in biocenosis is provided by bio-
logical peculiarities of helminthes themselves, their inter-
mediate and final hosts, as well as a number of other com-
ponents of biocenosis, which are not directly involved in 
the parasitic life cycles (Anisimova, 2004). Data about the 
occurrence of E. multilocularis in intermediate host are 
different; its prevalence varies between 1 % (Sikó-Barabasi 
et al., 1995; Martínek et al., 1998; Eckert et al., 2001) and 
39 % (Gottstein et al., 1996). These differences are in-
fluenced by the locality in which the observation was reali-
zed. Prevalence of alveolar echinococcosis found out in 
extended surveys provided on big areas was lower than 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. A, B – Histological findings. Multilocular cysts of 
Echinococcus multilocularis with hyalinized laminated 

membranes (arrow heads) and necrosis (white head) (3A) and 
protoscoleces in the cysts (3B) (open triangles). HE stain × 200;  

C – Higher magnification of the protoscolex in the cyst with 
incomplete chain of hooklets. HE stain × 400 (3C) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Results of PCR examination of musk rat liver lesion  
(O. z. 1 – sample 1 of Ondatra  zibethicus liver lesion, O. z. 2 – 

sample 2 of Ondatra zibethicus liver lesion, nk – negative control, 
pk – positive control) 
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those observed in high endemic areas. Density of small 
mammals in their natural environment is not regular. Loca-
lities with a higher density of rodents are more frequently 
visited by red foxes what results in accumulation of their 
faeces containing parasite eggs in such places. These eggs 
present the source of infection for other intermediate hosts. 
The formation of endemic locality is influenced by micro-
climatic conditions (humidity, temperature) which are opti-
mal for cestode eggs survival. This suggestion was confir-
med by Hansen et al. (2004) which observed that infected 
intermediate host occurrence correlates with the presence 
of conditions appropriate for egg survival.  
In our study the majority of animals examined were be-
longed to the Apodemus genus that according to Rausch 
(1986), seems to be not a suitable intermediate host for E. 
multilocularis. On the other hand, Brzleg and Krystufek 
(1984) detected alveolar echinococcosis in a specimen 
from Apodemus flavicollis, and Dinkel in 1998 underwrote 
E. multilocularis infection in 6 individuals of Apodemus 
flavicollis and in 8 specimens of Apodemus sylvaticus by 
PCR. Wherefore Apodemus genus was included into our 
investigation.  
Musk rat (Ondatra zibethicus), the only positive animal in 
the study, is a frequent intermediate host of E. multilocu-
laris. Ondatra zibethicus is not endemic to Slovakia. It was 
transported to the former Czechoslovakia from North 
America in 1905. It has successfully adapted to live here 
and the speed of it expansion represented about 90 km 
within a year. In 1932 the whole territory of Slovakia was 
colonised by this animal species (Nowak, 1977). Accord-
ing to Forest Research Institute approximately 260 – 540 
musk rats are hunted per year (http://fris.sk/sk). In Europe, 
positive musk rats were for the first time observed in 
Germany in Badden-Württemberg region in 1981 (Frank & 
Zeyhle, 1981). This time 8 out of 437 animals investigated 
were found to be positive. Later studies from this region 
showed dramatic increase of alveolar echinococcosis in 
musk rats (Romig et al., 1999). Infected animals were also 
detected by Keyhole et al. (1990) in Germany and by 
Borgsteede et al. (2003) in Netherlands. The number of 
investigated musk rats in territory of Slovakia is too low to 
highlight the epidemiological role of this species in the life 
cycle of Echinococcus multilocularis. However, several 
factors point to the importance of musk rat as an important 
vector in the spread of the tapeworm: musk rats are easy 
available for survey, particularly in regions with rich sour-
ces of water; musk rat is known to travel for long distances 
with the potential spread of the parasite; it is favourite prey 
species for red fox and racoon dogs; when hunted, it can 
transmit the parasite to man through dog infection. Addi-
tionally, musk rat is optimal species for monitoring of 
echinococcosis in intermediate hosts, because of its longe-
vity comparing with other small mammals species.   
Positive musk rat recorded in our study came from the na-
tural locality of the river Torysa in Prešov district. Prešov 
region, together with Žilina region, was recognized to be 
locality with the highest prevalence and the highest infec-
tion intensity of E. multilocularis in red foxes. Prevalence 

rate reached here 56.9 % in 2001 and 44.4 % in 2002 (Mi-
terpáková et al., 2003). Similarly, high correlation between 
prevalence of E. multilocularis in musk rats and in foxes 
was determined by Ewald (1990). Both mentioned districts 
of Slovakia are situated on the north of the country and are 
characterized by the lowest mean annual air temperature (4 
– 7°C), high mean annual precipitations (700 – 1300 mm) 
and low mean annual soil surface temperature (3 – 7°C). 
Soil in northern Slovakia is mainly loamy and it is charac-
terized by high humidity. The soil attributes seem to be ve-
ry important for the survival of the oncospheres of the ta-
peworm. Areas like these, are very suitable for a formation 
and existence of high-endemic micro-focuses, in which pa-
rasite circulates between the definitive and intermediate 
hosts.  
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