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a Institute of Parasitology, Faculty of Veterinary Medicine, Leipzig University, An den Tierkliniken 35, 04103, Leipzig, Germany 
b Institute of Veterinary Pathology, Faculty of Veterinary Medicine, Leipzig University, An den Tierkliniken 33, 04103, Leipzig, Germany 
c Tierpark Chemnitz, Nevoigtstraße 18, 09117, Chemnitz, Germany 
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A B S T R A C T   

While the principle definitive host of the zoonotic cestode Echinococcus multilocularis in Europe is the red fox, 
several rodent species act as main intermediate hosts. Among others, e.g., humans, dogs, and pigs, also horses 
have been described to act as aberrant hosts in highly endemic regions. Here, a case of an E. multilocularis 
infection in a kulan (Equus hemionus kulan) is described. The five years old kulan from a zoo in Slovakia was 
transported to an animal park in Germany. The animal had to be euthanized within a few weeks after the import 
due to its poor general state of health. The pathological examination revealed a nodular mass in the liver as an 
incidental finding. By histological examination of the mass, a pyogranulomatous and necrotizing inflammation 
and intralesional fragments of amorphous eosinophil layers were detected. The suspected diagnosis of 
E. multilocularis infection was confirmed by PCR addressing parts of the genes 12S rRNA and the NADH dehy-
drogenase subunit 2, showing very high identities with isolates from France, Slovakia and the USA.   

1. Introduction 

As part of the sylvatic life cycle of Echinococcus multilocularis, red 
foxes (Vulpes vulpes) and raccoon dogs (Nyctereutes procyonoides) act as 
main final hosts, while rodent species as e.g., Microtus spp. serve as 
predominant intermediate hosts in Europe (Petersen et al., 2018). 
Nevertheless, other carnivores are able to function as final hosts also, e. 
g., dogs (Canis lupus familiaris), wolves (Canis lupus) and golden jackals 
(Canis aureus) (Citterio et al., 2021). Additionally, among others, 
humans, primates, or even dogs and pigs may act as aberrant hosts for 
the parasite’s metacestode stage (Böttcher et al., 2013; Knapp et al., 
2021). Alveolar echinococcosis is regarded as one of the most harmful 
parasitic zoonoses of the northern hemisphere, characterized by a 
mainly intrahepatic tumorlike growth of the larval stage of 
E. multilocularis in the intermediate host (Gottstein and Hemphill, 2008; 
Conraths et al., 2017). Regarding the occurrence of Echinococcus in 
equidae, infection is usually related to cystic echinococcosis caused by 
non-zoonotic E. equinus or even zoonotic E. granulosus sensu stricto, 
whereby both species seem to be able to produce fertile hydatid cysts 
(Boufana et al., 2014; Lahmar et al., 2014; Romig et al., 2015). Never-
theless, also E. multilocularis infection has already been described to 

cause nodular lesions in the liver of slaughtered horses from Japan and 
Poland (Goto et al., 2010; Ueno et al., 2012; Tomczuk et al., 2020). To 
date, echinococcosis in Slovakia was ascertained in humans and carni-
vores. The first case of an autochthonous alveolar echinococcosis in 
humans was diagnosed in a 69 years old woman in 2000 (Kinčeková 
et al., 2001). Initially reported in 1999, the presence of E. multilocularis 
infection in red foxes has been demonstrated in all districts of the 
country now (Dubinský et al., 1999; Miterpáková et al., 2006). Addi-
tionally, dogs from Slovakia have been identified as a potential source 
for human infection with E. multilocularis (Antolová et al., 2009). Herein, 
a case of infection with the larval stage of E. multilocularis in a kulan 
(Equus hemionus kulan) from Slovakia is reported for the first time. 

2. Material and methods 

2.1. Patient history, clinical presentation and diagnostics 

A five years old male kulan was transported from Košice Zoo, Eastern 
Slovakia to an animal park in Chemnitz, Eastern Germany. The animal 
was reared in Košice Zoo since birth, and routinely vaccinated and 
treated with anthelminthics. Apart from that the animal never showed 
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any signs of disease and therefore, the kulan did not receive any other 
treatment. During the transport, the kulan was restless, while in Košice 
no clinical signs or health issues had been observed. After arriving, the 
kulan showed clinical symptoms in terms of hypersalivation, inappe-
tence, and dysphagia. In addition, a severe lameness of the left forelimb 
was noted. Since no improvement of the clinical presentation was ach-
ieved during the following two weeks, the donkey’s skull and vertebrate 
column were examined by x-ray. Also, an endoscopic examination of the 
upper and lower respiratory passages as well as of the oesophagus, and 
stomach were undertaken. Thereby, hyperkeratosis and an ulcer were 
detected in the stomach. After the recovery phase of anaesthesia, a radial 
nerve paralysis was noticed, probably caused by the long period of lying 
during the examinations. Two days after, the kulan showed signs of 
multiple organ failure, and he was not able to get up; therefore, eutha-
nasia was initiated soon. 

2.2. Pathological examination 

The animal was autopsied one day postmortem. Representative 
samples of altered tissue, e.g., cystic liver lesions as well as macro-
scopically unremarkable organs were collected and fixed in 4% neutral 
buffered formaldehyde for 3 days. Afterwards, several specimens were 
routinely processed for histopathological and histochemical 
examination. 

2.3. Molecular diagnostics 

For molecular analysis, DNA was extracted from cystic lesions of the 
native liver tissue using the NucleoSpin Tissue kit (Macherey-Nagel, 
Düren, Germany) following the manufacturer’s instructions. To confirm 
the suspected diagnosis of echinococcosis, a nested PCR detecting a part 
of the mitochondrial 12S rRNA gene was performed using primers and 
PCR cycling conditions described previously (Dyachenko et al., 2008) 
with the following conditions: 0.3 μl of each primer, 0.1 U of DreamTaq 
DNA polymerase (ThermoFisher Scientific, Dreieich, Germany), 2.5 μl of 
DreamTaq™ Green Buffer (10x; ThermoFisher Scientific, Dreieich, 
Germany), and 0.5 μl of each dNTP. Furthermore, 3 μl of the sample 
DNA was used and a final volume of 25 μl was achieved by adding 
DNA-free, nuclease-free water. For sequencing and phylogenetic anal-
ysis, the NADH dehydrogenase subunit 2 (nad2) gene was addressed 
under conditions as described previously (Nakao et al., 2009; Delling 
et al., 2020). After running the gel-electrophoresis, ethidium bromide 
was used for the staining of the gel. Afterwards, bands were visualized 
by UV light. For sequence and phylogenetic analysis, the PCR product 
was then purified using the PCR Purification Kit (Jena Bioscience GmbH, 
Jena, Germany). Sequencing was performed in both directions by a 
commercial company (Microsynth Seqlab, Leipzig, Germany). The ob-
tained sequences were aligned, and afterwards, compared with those 
available in the GenBank database by BLASTn analysis optimized for 
highly similar sequences (http://blast.ncbi.nlm.nih.gov/Blast.cgi). 
Alignment with sequences of high identity was performed using the 
Muscle tool of MEGA version X (Kumar et al., 2018). Alignment was 
refined on https://ngphylogeny.fr (Criscuolo and Gribaldo, 2010; Katoh 
and Standley 2013; Lemoine et al., 2019). For phylogenetic analysis, 
Neighbor-Joining method was conducted by using MEGA version X 
(Felsenstein 1985; Saitou and Nei 1987; Kumar et al., 2018). The 
bootstrap consensus tree inferred from 1000 replicates and Kimura 
2-parameter method was used to compute the evolutionary distances 
(Kimura 1980). 

3. Results and discussion 

The postmortem examination of the kulan mainly revealed multi-
factorial inflammatory lesions of the skin and subcutis, as well as of the 
skeletal muscles of the hind limbs and the gastrointestinal tract. More-
over, there was mineralization of several muscle fibres of the skin, the 

skeletal muscles and the muscular tissue of internal organs. In the liver a 
smooth and firm, grey-white to ivory-coloured nodular mass of about 6 
cm in diameter was detected (Fig. 1). Besides fewer cystic areas of up to 
3 mm in diameter, the cut surface was mainly solid and the lesion was 
bounded by a 1–2 mm thick capsule. Pyogranulomatous to necrotizing 
hepatitis with intralesional fragments of amorphous eosinophil and 
periodic acid-Schiff (PAS)-positive layers up to 15 μm thick was found in 
the mass by microscopical examination (Fig. 2). These findings were 
consistent with alveolar echinococcosis, nevertheless, protoscoleces 
were not observed within the microscopically examined sections. The 
sequence analysis addressing the nad 2 gene confirmed the pathological 
findings and revealed very high identities (99.89–100%; query cover: 
92–99%) of the 952 bp long sequence obtained in this study (accession 
number: OR098882) with sequences from France (e.g., accession num-
ber: OQ599967.1), the USA (e.g., accession number: OK268248.1) as 
well as from Slovakia (e.g., accession number: OP277525.1), which 
were revealed from the GenBank. Phylogenetic analyses of the relations 
between the herein found isolate from the kulan and sequences with 
high identities hint at a close relationship to isolates from France. This 
result fits with former analyses where E. multilocularis isolates from foxes 
captured in 19 districts of Slovakia shared all sequences with two French 
isolates from wild boar (Šnábel et al., 2006) (Fig. 3). Furthermore, 
phylogenetic analysis assorts the suggestion of European strains in 
northern America (Jenkins et al., 2012). 

This is the first report of the infection with metacestode stages of 
E. multilocularis in a kulan from Slovakia. Among zebras (E. grevyi, 
E. burchelli, E. zebra), horses (Equus caballus), and African asses 
(E. asinus), the Asiatic asses (E. hemionus kulan, E. kiang) belong to the 
family Equidae, and serve as intermediate hosts of E. equinus or may act 
also as a reservoir for E. granulosus s. s. (G1) (Musilova et al., 2009; 
Lahmar et al., 2014). Cystic echinococcosis in Equidae is reported to 
occur worldwide and hydatid cysts usually develop in liver, lungs, or 
both (Blutke et al., 2010; Romig et al., 2015). Nevertheless, additionally 
to other helminth infections inducing alterations within the liver pa-
renchyma, also E. multilocularis is reported to cause hepatic nodular le-
sions in horses (Goto et al., 2010; Tomczuk et al., 2020; Hifumi et al., 
2021). Infected by the oral ingestion of E. multilocularis eggs, horses 
serve as aberrant hosts for the larval stage among others, e.g., humans 
and pigs (Hifumi et al., 2021), and previous reports of infection in horses 
originated from highly endemic regions (Goto et al., 2010; Tomczuk 
et al., 2020). In Japan, the larval infection with E. multilocularis has been 
described in slaughtered race horses which originated from or were 
reared in Hokkaido, where echinococcosis is endemic. Therefore, the 
environment of the horses has probably become contaminated due to the 
high infestation in foxes (Goto et al., 2010), which is manifested in 

Fig. 1. Liver showing a single nodular encapsulated mass of about 6 cm in 
diameter. The mainly solid cut surface reveals several small cystic 
areas (arrows). 
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prevalence rates between 30 and 40% (Irie et al., 2019). Additionally, in 
another study from Japan parasitic stages in the liver tissue of imported 
horses have been examined, and identities of 99–100% to European 
haplotypes have been described, indicating that infection took place in 
the also endemic region of Alberta in Canada, where the horses had been 
raised (Hifumi et al., 2021). In Poland, 365 slaughtered horses were 
examined, which originated from central, eastern and southern Poland, 
and the overall prevalence rate of alveolar echinococcosis was estimated 
to be between 4.7% and 14.8% (Tomczuk et al., 2020). Poland has also 
been described to be an endemic area and infection rates in red foxes 
vary regionally with the highest prevalence in the eastern parts (up to 
42.7%) (Karamon et al., 2018; Tylkowska et al., 2019; Tomczuk et al., 
2020). 

To date, no reports of E. multilocularis infection in Equidae from 
Slovakia or other European countries except Poland have been pub-
lished (Tomczuk et al., 2020). However, the occurrence of echinococ-
cosis in Slovakia has been examined in foxes, dogs, wolves, and humans. 
First findings of E. multilocularis were described in Košice-surroundings 
among other regions in 1999 (Dubinský et al., 1999). From 2000 to 
2010, 4761 red foxes were examined for the presence of infection, and 
great differences of the parasite’s prevalence and infection intensity was 
described between regions and years for this time period (Miterpáková 
et al., 2003, 2006; Miterpáková and Dubinský, 2011). Suggesting 
climate and environmental factors as important influencing variables 
regarding eggs’ survival and spread of infection, tight relationships 

between yearly rainfall amounts, potential intermediate hosts and par-
asites’ distribution in red foxes were shown (Miterpáková et al., 2006). 
The mean prevalence rate of E. multilocularis infection in red foxes from 
Košice was estimated to be 18.4%, with the highest prevalence recorded 
in 2010 (39.5%) (Miterpáková and Dubinský, 2011), while in the 
northern part of the country prevalence rates up to >60% were reported 
occasionally (Miterpáková et al., 2006; Miterpáková and Dubinský, 
2011; Antolova et al., 2014). Examining 112 wolf samples from 
Slovakia, 35.7% of them were found to contain E. multilocularis DNA, 
mirroring the extensive dissemination of this parasite in wildlife 
(Jarošová et al., 2020). However, 289 dogs originating mainly from a 
highly endemic region in northeastern Slovakia as well as from the 
Košice region were examined for an infection with E. multilocularis. Eight 
of them were detected to be infected (2.8%), whereby no association 
between origin and infection status could be shown (Antolová et al., 
2009). The authors of this study concluded that dogs contributed sub-
stantially to the transmission of E. multilocularis in the examined terri-
tory in Slovakia. In humans, the first case of alveolar echinococcosis was 
diagnosed in the year 2000, since then, the number of cases has 
increased continuously (Šimeková et al., 2021). 

By now, no other cases of alveolar echinococcosis at the Košice Zoo 
have been reported. The kulan presented in this case report was born and 
raised in the zoo. Since the animal did not leave this place before, 
infection must have occurred at the zoo. The studies mentioned above 
underline the high prevalence of E. multilocularis in wild carnivores in 
Slovakia, so the occurrence of this parasite in aberrant hosts like Equidae 
seems to be reasonable since this has also been reported from other 
endemic regions before (Goto et al., 2010; Tomczuk et al., 2020). 
Cleaning and disinfection of open-air enclosures as well as keeping away 
wild carnivores from the zoo area are impractical, therefore, environ-
mental contamination is difficult to prevent. However, as described in 
former studies of alveolar echinococcosis in Equidae (Tomczuk et al., 
2020), no protoscoleces were detected in the altered liver tissue in this 
case, emphasizing the kulan’s role as a dead-end host. Nevertheless, the 
report of E. multilocularis in those aberrant hosts may be a good epide-
miological indicator mirroring the environmental contamination pres-
sure with the parasite’s infectious stages (Knapp et al., 2021). 

4. Conclusion 

This is the first report of E. multilocularis infection in a kulan, and 
furthermore, in Equidae from Slovakia. Sequence analysis revealed very 
high identities to isolates from France, Slovakia, and the USA. Although 
acting as dead-end hosts, findings of E. multilocularis in Equidae from the 
zoo, give insights in the epidemiological situation of the parasite’s 
occurrence. Considering the presence of some highly endemic regions in 
Slovakia, the number of unknown cases of alveolar echinococcosis in 
aberrant hosts including humans may be relatively high in those areas. 

Fig. 2. Photomicrograph of the hepatic nodular lesion showing a pyogranu-
lomatous to necrotizing inflammation with intralesional fragments of amor-
phous band-like eosinophil and strongly PAS-positive (inset) structures, 
consistent with the laminated layer of the larval stage of Echinococcus multi-
locularis. Hematoxylin-eosin stain and Periodic acid-Schiff stain (inset), 
respectively. 

Fig. 3. Phylogenetic analysis of the herein obtained sequence (Donkey_Slovakia) and exemplary sequences from GenBank (e.g., OK268248.1; OP277525.1) using the 
Neighbor-Joining method, bootstraps consensus tree inferred from 1000 replicates. A sequence of E. granulosus was used as an outgroup (OR166778.1). 

C. Delling et al.                                                                                                                                                                                                                                  



International Journal for Parasitology: Parasites and Wildlife 22 (2023) 80–83

83

Funding 

This publication was funded by the Open Access Publishing Fund of 
Leipzig University supported by the German Research Foundation 
within the program Open Access Publication Funding. The funding 
source had no involvement concerning clinical examinations, analysis, 
interpretation of data or writing of the report. 

Declaration of competing interest 

All authors concur with the submission and the material submitted is 
not under consideration for publication elsewhere. The authors declare 
no conflict of interest. 

Acknowledges 

The authors want to thank Sandra Gawlowska for excellent technical 
assistance. 

References 
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Aspöck, H., 2001. The first case of autochtonous human alveolar echinococcosis in 
the Slovak Republic (Case report). Mittl. Osterreichischen Ges. Tropenmed. 
Parasitol. 23, 33–38. 

Knapp, J., Meyer, A., Courquet, S., Millon, L., Raoul, F., Gottstein, B., Frey, C.F., 2021. 
Echinococcus multilocularis genetic diversity in Swiss domestic pigs assessed by EmsB 
microsatellite analyzes. Vet. Parasitol. 293, 109429 https://doi.org/10.1016/j. 
vetpar.2021.109429. 

Kumar, S., Stecher, G., Li, M., Knyaz, C., Tamura, K., 2018. MEGA X: molecular 
evolutionary genetics analysis across computing platforms. Mol. Biol. Evol. 35, 
1547–1549. https://doi.org/10.1093/molbev/msy096. 

Lahmar, S., Boufana, B., Jebabli, L., Craig, P.S., Ayari, H., Basti, T., Dhibi, M., 
Torgerson, P.R., 2014. Modelling the transmission dynamics of cystic echinococcosis 
in donkeys of different ages from Tunisia. Vet. Parasitol. 205, 119–124. https://doi. 
org/10.1016/j.vetpar.2014.06.007. 

Lemoine, F., Correia, D., Lefort, V., Doppelt-Azeroual, O., Mareuil, F., Cohen- 
Boulakia, S., Gascuel, O., 2019. NGPhylogeny.fr: new generation phylogenetic 
services for non-specialists. Nucleic Acids Res. 47 (Issue W1), W260–W265. https:// 
doi.org/10.1093/nar/gkz303. 
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Tomczuk, K., Hirzmann, J., Köhler, K., Szczepaniak, K., Studzinska, M., Demkowska- 
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