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OBJECTIVES

The aim of this study was to evaluate Echinococcus 
multilocularis and E. granulosus s.l. infection in red foxes 
(Vulpes vulpes) and grey wolves (Canis lupus) living in the 
Tatra National Park in the western part of the Carpathians in 
southern Poland. The investigations were based on molecular 
identification with direct extraction of parasites DNA from 
faeces and from taeniid eggs retrieved by flotation.

MATERIALS AND METHOD

Study area. In the present study, faecal material was collected 
from red foxes and wolves in Tatra National Park (Western 
Carpathians) in southern Poland at the border with Slovakia 
(Fig. 1). The protected area covers 212 km2 and is surrounded 
by a diverse environment including fields and forests, as well as 
dense settlements. Landscapes are different with slopes, rocks 
and alpine zones, with elevation between 800 and 2495 m 
above sea level. The protected area is inhabited by 14 wolves, 
according to genetic investigation [16], and approximately 50 
red foxes, as estimated by rangers [17]. Because the National 
Park is visited each year by approximately 3 million tourists 
and is surrounded by dense settlements, the appearance of 
infected wild canids is a major concern.

Faecal samples and flotation analysis. From February to 
June 2019, experienced staff of the Tatra National Park 
(TNP) randomly collected fox and wolf faeces within the 
park limits. The samples were collected on and off hiking 
trails by rangers while patrolling the national park area, at 
altitudes from 850 m – 2000 above sea level. In total, 91 faecal 
samples from red foxes and 19 from wolves were collected. 
Only fresh faeces, with a visible mucus layer were collected. 
Faeces of foxes are often seen on popular hiking trails, as 
they use them looking for human food leftovers, even if this 
is not very important part of fox diet in the Tatra National 
Park [18]. Wolf faeces were collected during snow tracking. 
In a few cases, fox and wolf faeces was collected at remains 
of their prey, mostly wolf prey although used also by foxes.

Until analysis by flotation and molecular examination were 
performed, the samples were maintained frozen at -80 °C for 
two weeks for decontamination [19]. Flotation with sodium 
chloride / sugar (sucrose) saturated solution (1.28 specific 
gravity) [20] was performed to recover taeniid eggs from fox 
and wolf faeces. The flotation was repeated for each positive 
sample to retrieve eggs for molecular analysis, and 100 µl of 
each supernatant with eggs was subjected for testing by PCR.

Molecular procedures – PCR optimization. Taking into 
account the specificity of the studied material, i.e. the 
method of collecting, transporting and thawing the faecal 
samples and the possibility of DNA degradation in the 

Figure 1. Study area – red fox and wolf faecal samples collection
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tested samples, a set of PCR reaction primers, designed for 
amplification of a short fragment of the mitochondrial gene 
coding cytochrome c subunit 1, specific for E. multilocularis 
and E. granulosus s.s. (G1) was designed (GenBank accessions 
numbers: AB461413 and MH686292, respectively). For 
amplification of genetic material, nested-PCR was used. 
First reactions were performed with primers Em360F 
(5'-TTGGGTGTTGGTGTTGGTTGGACT-3') and Em1066R 
(5'-CCAGTAACACCACCAAACGT-3'), to second reaction 
primers Em590R (5'-ACGTTGCCTGTTTTGGCTGC-3') 
and Em900R (5'-CGTCTTCACATCCAACCCAACAG-3') 
were used to obtain a 310 bp fragment of the mitochondrial 
cytochrome c oxidase subunit 1 gene (cox1). The reactions 
were conducted in a 40  μl reaction mixture containing 
2.0 μl of DNA template, 0.2 μl (1U) of Color Taq DNA 
Polymerase (EURx, Poland), 1 μl of dNTPs mix (10mM), 
0.5 μl of each primer (20 mM), 5 μl of 10 × Polymerase 
buffer (pH 8.6, 25 mM MgCl2) and 30.8 μl of MiliQ water. 
A negative control consisting of nuclease-free water was 
also added to the PCR mix instead of the tested DNA. DNA 
from adult E. multilocularis and cyst of E. granulosus s.l. 
(E. canadensis G7) were used as positive controls. DNA 
amplification was performed using the DNA Engine T100 
Thermal Cycler (BioRad, USA) according to the following 
programme: denaturation at 95 °C/1 min, followed by 34 
cycles of denaturation at 95 °C/20 s, annealing at 52 °C/20 s 
and extension at 72 °C/20 s, with a final extension performed 
at 72 °C/3 min. The PCR products were visualized on a 1.2% 
agarose gel (Promega, USA) stained with SimplySafe (EURx, 
Poland). Visualization was performed using ChemiDoc, MP 
Lab software (Imagine, BioRad, USA). The obtained PCR 
products were purified with QIAquick Gel Extraction Kit 

(Qiagen, Germany). The purified products were sequenced 
directly using ABI BigDye™ chemistry (Applied Biosystems, 
USA) on an ABI Prism 373xl or an ABI Prism 3100™ automated 
sequencer.

Echinococcus multilocularis (adults) and E. granulosus (one 
cyst from one patient) were used as positive controls to test 
the sensitivity of the PCR test. E. multilocularis four adult 
tapeworms, obtained as a result of the parasitological section 
of red foxes from near Łódź in Central Poland (unpublished 
data), from the collection of the Institute of Parasitology PAS. 
The sample of E. granulosus s.l. (E. canadensis, genotype G7) 
cyst was collected from the liver of a patient hospitalized in 
the Department of General Transplant and Liver Surgery at 
the Medical University in Warsaw [15]. E. multilocularis and 
E. granulosus s.l. cyst sequences of the cox1 gene fragment 
were obtained (GenBanAaccession Nos.: E. multilocularis 
MT422809, MT423999, MT423998 and MT424001, 
E. granulosus s.l. (E. canadensis, G7) (MW271871).

Sensitivity of the test was validated with E. multilocularis 
DNA obtained from digesting the uterine segment of the 
tapeworm (containing about 300 eggs) [21]. DNA isolated 
from a single uterine member was suspended in 200 µl of 
water. 1 µl of this DNA is sufficient to obtain the PCR reaction 
products, which corresponds to the amount of DNA obtained 
from 1.5 egg. In addition to testing the specificity of the 
designed primers, PCR reactions were carried out with DNA 
isolated from two species of tapeworms common in cats and 
dogs: Dipylidium caninum and Taenia taeniaeformis. No PCR 
products were obtained.

Molecular examination of faecal samples. Genomic DNA 
of taeniid tapeworms was extracted from faecal samples and 

Figure 2. Gel with the results of the PCR reaction. M – 100bp ladder (Novazym), (L) – DNA from red fox faeces, (K+Em7) – DNA from adult E. multilocularis, 
(K+Em8) – DNA from adult E. multilocularis, (K+Eg) – DNA from cyst E. granulosus s.l., (K-) – Negative control (water)

Figure 3. Sample photo of the gel with the results of the PCR reaction. M – 100bp ladder (Novazym), (L) – DNA from red fox faeces, (W) – DNA from wolf 
faeces, (JL/JW) – DNA from eggs (flotation), (K+) – DNA from adult tapeworm, (KK-) – Negative control from first reaction (water) and (K-) – Negative control 
from second reaction (water)
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