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Abstract 
The genus Baylisascaris (order Ascaridida) includes numerous relatively host-specific nematodes, which are common in 
intestines of wild mammals. Some of them may have impact on veterinary and public health, as their larvae have the potential
to cause visceral, ocular, and/or neural larva migrans in a wide range of mammals, birds, and humans. Baylisascaris transfuga
is a parasite occurring in a range of bear species throughout the world. We present the current data on B. transfuga occurrence
in brown bears from a relatively restricted territory of the Poľana Protected Landscape Area in Central Slovakia, obtained 
by traditional methods (faecal examination, morphology). Species affiliation was confirmed by employing molecular markers
generating nuclear 28S and mitochondrial cox1 sequences in adult worms. Based on 17 examined samples (15 excrements and
two intestines of young bear females), the occurrence of B. transfuga in the surveyed area was assessed as 52.9%. Both bear
females were infected with adult and juvenile worms. Due to the high density of bears in the locality, the high infection rate
with ascarids, and the huge number of eggs produced by the parasites, it is apparent that the respective environment, including
the inhabited areas, might be markedly contaminated by Baylisascaris eggs. The ability of B. transfuga to serve as a zoonotic
agent has not been unambiguously proved; however, this attribute should be considered and subjected to further research.
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Introduction

The genus Baylisascaris Sprent, 1968 includes ten nematode
species with relatively high host-specificity and a facultative
heteroxenous life cycle (Sapp et al. 2017). Five of them have
been reported in Europe so far: Baylisascaris devosi (Sprent,
1952) in mustelids (Martes spp.), B. melis (Gedoelst, 1920) in
badger (Meles meles), B. procyonis (Stefanski and Zarnowski
1951) in raccoon (Procyon lotor), B. transfuga (Rudolphi,
1819) in bears (Ursus spp.), and B. columnaris (Leidy, 1856)
in skunks (Mephitis spp.) (Franssen et al. 2013; Bauer 2013).
All Baylisascaris species are considered to have the potential
to cause visceral, ocular, and/or neural larva migrans in a range
of mammals, birds and humans, in which the neural larva mi-
grans may manifest as meningoencephalitis (e.g., Huff et al.
1984 Kazacos 2016). Although B. procyonis and B. colum-
naris are most commonly implicated as zoonotic agents, other

Baylisascaris species including B. transfuga are also consid-
ered as potential etiological agents of larva migrans (Schaul
2006).

B. transfuga parasitizes various species of Ursidae on dif-
ferent continents (Papini et al. 1996; Foster et al. 2004; Guer-
rero and Castellanos 2016; Sapp et al. 2017). Apart from 
B. transfuga, three distinct Baylisascaris species are described
among the Ursidae representatives: B. schroederi (McIntosh,
1939) in giant panda (Ailuropoda melanoleuca), B. ailuri
(Wu, He and Hu, 1987) in red panda (Ailurus fulgens), and 
B. venezuelensis (Perez, Garcia and Gauta, 2016) in the South
American spectacled bear (Tremarctos ornatus) (Bauer et al.
2013). In free-ranging brown bear (Ursus arctos) in Europe, 
B. transfuga was previously observed in Croatia, with a preva-
lence of 13.5% detected by the flotation of faecal samples 
(De Ambrogi et al. 2011). In addition, Szczepaniak et al.
(2012) reported a heavily infected brown bear from the Polish
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part of the High Tatra Mountains, showing granulomatous
peritonitis, with 58 B. transfuga in intestine. Recently, this
nematode was found also in 19% (47/248) of scat samples and
samples from organ tissues in brown bears migrating in East-
ern Transylvania, Romania (Borka-Vitalis et al. 2017). The in-
fection with B. transfuga is being often detected in captive
bears. For instance, 300 roundworm individuals detected in
two captive polar bears (Ursus maritimus) living in the Zoo
Park of Pistola (Tuscany, Italy) were morphologically and
molecularly characterized as B. transfuga (Testini et al. 2011).
Further, in one of eight Dutch Zoo parks, B. transfuga eggs
were molecularly determined in faeces of one brown bear and
one coati (Nasua nasua) (Visser et al. 2015). In Slovakia, the
parasite was relatively often detected in bear scats collected in
different areas of the Western Carpathian Mountains of north-
eastern and central Slovakia (Goldová et al. 2003; Finnegan
2009; Major et al. 2009). 

During the thirties of the 19th century, the population
of brown bears declined in many areas of Europe as a result of
human encroachment and habitat destruction and these mam-
mals were close to the extinction for instance in Scandinavia,
Latvia, and elsewhere (Servheen 1990; Waits et al. 2000). In
1932, the all-year-round protection of bears was officially en-
acted in Slovakia under both national and international con-
ventions and hunting is currently subjected to the permission by
the Ministry of the Environment of the Slovak Republic. Since
1932, the number of bears has been steadily rising and bear pop-
ulations are now even becoming problematic in several moun-
tainous areas of Slovakia (Krištofík and Danko 2012). At pres-
ent, 1.256 ± 233 bear individuals were detected in the whole
territory of Slovakia using the non-invasive method of DNA de-
termination from bear excrements (Paule et al. 2016 a, b).
Brown bear is the largest animal in Slovakia and nowadays its
frequency in the mountains of the central-northern part the
Poľana Protected Landscape Area (PLA), the Veľká Fatra and
Malá Fatra National Parks, the Low Tatras, and the High Tatras
is very high. A less numerous, spatially separated population of
brown bears occurs also in the north-eastern Slovakia in the
Poloniny Mountains (Paule et al. 2016 a). 

The present study was designed to survey the occurrence
of B. transfuga in brown bears in the territory of the Poľana
PLA (Slovakia) by employing the coprology of bear excre-
ments and the dissection of two bear females.

Materials and Methods

Sample collection

During all seasons of the years 2015–2016 (spring – winter),
we collected 15 brown bear excrements (scats) in the territory
of the Poľana PLA in Central Slovakia. This biosphere reserve
was established in 1981 for the purpose of protecting a com-
plex of plant and animal communities and non-living nature.
Naturally, the Poľana PLA represents a centre of a wider for-

est region with settlements in the valleys. It spreads over
20,360 hectares (48°37 N, 19°28 E).

Bear scat samples were collected from different sites, sit-
uated also beyond the protected part of Poľana, in order to in-
crease the chance to obtain samples from different bear indi-
viduals. We intended to minimize the risk of sample duplicity
by collecting scats in distinct locations. Gathered faecal sam-
ples were stored at 4°C until microscopic examination. 

Further, we dissected gastrointestinal tracts of the two 
2-year-old bear females, hunted down in the same area within
the permitted regulation of brown bears in the hunting grounds
of the Poľana, in collaboration with the state woodland enter-
prise Forests of the Slovak Republic. Ascaroid nematodes ob-
tained by complete helminthological examination were thor-
oughly washed in Ringer´s solution, measured, and stored in
70% ethanol. Adult worms were used for the verification of the
species affiliation using the worm morphology and molecular
analysis.

Faecal examination 

Microscopic examination of the faeces was performed using
the conventional flotation technique with using Breza and
Faust solutions (Manual of Veterinary Laboratory Methods,
1989) and the light microscopy. 

Morphological characterization

After the autopsy of small bowel, twelve adult nematodes (2
males and 10 females) were washed in the physiological so-
lution and subjected to detailed morphological analysis and
measurements were taken under the Nikon SMZ 1500 stere-
omicroscope equipped with the Canon EOS 110 D camera.
Morphological diagnosis was based on the size, buccal cavity,
lips, cephalic alae, number and distribution of precloacal
papillae, and spicules (Soulsby 1986).

Molecular analysis

Two nematodes (a male and a female) subjected to genetic
analyses were collected from different brown bear females.
Adult worms were mechanically disrupted by using sterile
pestle. Total genomic DNA was extracted from parasites using
a DNeasy tissue kit (Qiagen, Hilden, Germany), following the
animal tissue isolation protocol. Fragments of the two genes
were targeted for PCR amplifications, namely cytochrome 
c oxidase 1 of mitochondrial DNA (cox1, 408 bp) and 28S of
nuclear ribosomal DNA (676 bp). For cox1, DNA was ampli-
fied using primers proposed by Bowles et al. (1992):5′-
TTTTTTGGGCATCCTGAGGTTTAT-3′/5′-TAACGACATA
ACATAATGAAAATG-3′. Primer pairs targeted 28S gene re-
gions were designed by Franssen et al. (2013) and contained
these nucleotides: 5′-CGAGGATTCCCTTAGTAACT-3′/5′-
TCGGATAGGTGGTCAACG-3′. PCR reactions were per-
formed using the following cycling conditions: initial
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denaturation step 94°C for 5 min, followed by 35 cycles, 94°C
for 30 s, 55°C for 30 s, and 72°C for 1 min. Amplified prod-
ucts were purified using the Nucleospin Extract II kit
(Macherey Nagel, Düren, Germany). Amplicons were directly

sequenced using a dye terminator cycle sequencing kit (DYE-
namic ET terminator; Amersham Biosciences, UK) and ana-
lyzed with the ABI PRISM 377 automated sequencer (Applied
Biosystems, USA). Nucleotide sequences were aligned using

Fig. 1 Baylisascaris transfuga female. Anterior end with lips and alae (A), scale bar = 500 µm; dorsal lip with two papillae (B), scale bar =
200 µm
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ClustalX2 (Larkin et al. 2007) and compared to those stored
in the GenBank using the BLAST software. To distinguish
synonymous and non-synonymous mutations, nucleotide se-
quences were translated into a corresponding protein sequence
while using the EMBOSS transeq software. The nucleotide
sequences for the two genes were deposited in GenBank under
accession numbers MF419818 and MF419819.

Results

Parasite occurrence 

The flotation procedure of 15 samples of bear scats revealed
the occurrence of B. transfuga eggs in seven samples (46.7%).
In addition, autopsy of gastrointestinal tracts of the two young
(2 years old) bear females showed 17 B. transfuga individu-
als (6 females and 1 male and 9 females and 1 male, respec-
tively); 14 ascarids were adult and three were juvenile. Taking
these two outcomes together, B. transfuga occurred in 52.9%
of studied bear samples from the area of Poľana.

Morphological characterization

For morphology, two adult males and ten adult females were
used. Males were on average 97.5 mm long, the mean length
of females was 228.4 mm. Morphological features of the an-
terior end include mouthparts with three lips (one dorsal and
two subventral) surrounding the mouth opening (Fig. 1 A, B).
No buccal capsule was seen; typical filariform oesophagus
was 6.9 mm long, cervical alae were in the lateral position
(Fig. 2). The female had a blunt tail; vulva opening is located
at the ventral side about 74.8 mm from the anterior end (Fig.
3 A, B). Caudal end of the male was slightly rolled with the

presence of two spicules 0.9 mm long and 61 precloacal gen-
ital papillae (Fig. 4). Detailed data on B. transfuga females are
presented in Table I. 

Molecular analysis

Nuclear 28S rDNA amplicons (676 bp) of the two examined
isolates revealed 100% homology with the GenBank se-
quences previously derived for B. transfuga from a brown bear
in the Netherlands (GenBank reference KC543471), a Tibetan
blue bear in China (JN257009), and a polar bear in China
(JN257008). Four nucleotide substitutions were recorded in
relation to the most closely related species B. schroederi
(JN257013) and five substitutions relative to B. ailuri
(JN257012) in this gene segment.

Alignment of the 408 bp cox1 sequences showed the nu-
cleotide polymorphism at three sites. Our isolates differed in
one base (the C/T synonymous substitution at position 216)
from the most common sequence pattern of B. transfuga,
available for isolates from polar bears in China (EU628683)
and Italy (HM594948), and from a sloth bear in the Nether-
lands (KC543477), thus manifesting 99.7% genetic similarity
to the target regions (384 bp, 369 bp, and 394 bp of sequence
assemblies matched in the respective fragments). A compari-

Fig. 2 Baylisascaris transfuga female. Filariform esophagus, cervical alae, scale bar = 1,000 µm

Table I. Morphometric measurements of Baylisascaris transfuga
females (n = 10, data are in millimetres)

Mean ± SD (range) 

Body length 228.4 ± 37.3 (179–283)

Oesophagus length 6.9 ± 0.5 (6.2–7.3)

Alae length 7.8 ± 0.4 (7.0–8.4)

Tail length 1.1 ± 0.1 (0.7–1.2)
Distance of anterior end to vulva 74.8 ± 12.4 (56–92)
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Fig. 3 Baylisascaris transfuga female. Genital girdle, vulva opening (A), scale bar = 2,000 µm; blunt tail (B), scale bar = 500 µm

Table II. Nucleotide substitutions detected in Baylisascaris transfuga isolates in cox1 gene

Isolate
Position of substitution

Reference
9 18 216

Slovak isolates G G T current study

KC543477 (Netherlands) n.a. n.a. C Franssen et al. (2013)

EU628683 (China) n.a. n.a. C –

HM594948 (Italy) n.a. n.a. C Testini et al. (2011)

HQ671079 (China) T A C Xie et al. (2011)

Note: n.a., not analysed in the respective part of the gene portion
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son with the entirely overlapping gene portion (408 bp), avail-
able for further Chinese isolate from a polar bear (HQ671079),
showed two additional synonymous T/G and A/G nucleotide
changes at positions 9 and 18, respectively (Table 2). Twelve
nucleotide substitutions were recorded in relation to the adja-
cent B. ailuri (HQ671080), accounting for 2.9% interspecific
differences, and twenty substitutions (4.9% differences) com-
pared to B. schroederi (KJ587842) were detected in the cox1
gene.

Discussion

In the present study, eggs and/or adult roundworms of 
B. transfuga were found to occur in 52.9% of 17 scat and in-
testine samples collected from brown bear in the Poľana PLA
and the surrounding areas in Central Slovakia. A relatively
lower number of investigated samples were due to the com-
plicated collection of field scat samples dispersed in the area;
nevertheless, even the used sample size indicates a substan-
tial infection of bears with these ascarids in the locality con-
cerned. 

In the central part of the Poľana PLA, 85 brown bears have
been recently registered and up to 130–140 bears are estimated
to reside in the wider surrounding area (Prof. L. Paule, personal
information). Bears commonly migrate to various distances be-
tween different mountain ranges of Slovakia and they in-
creasingly enter human settlements and pastures (Lenko et al.
2014). Previous data on B. transfuga occurrence in Slovakia

have been related to the two main areas of the brown bear dis-
persal, i.e. the central and the north-eastern parts of the West-
ern Carpathian Mountains. The first reports on the bear para-
sites, including B. transfuga, were published in 1970s (for
review see Krištofík and Danko 2012). More detailed data
were obtained by the examination of 91 bear faecal samples
from Western, Low and Belianske Tatra Mountains, which
showed B. transfuga prevalence of 14.3% (Goldová et al.
2003). Further analyses of 188 bear scats collected in another
sub-province of the Western Carpathians (The Fatra-Tatra
Area) revealed the parasite prevalence of 41.8%, and the sur-
vey confirmed seasonal fluctuations, with the lowest values
(9.5%) being observed in spring, soon after the winter torpor,
and the highest values (84.6%) in autumn (Finnegan 2009).
The situation in a separated bear population in the north-east-
ern Slovakia (Poloniny National Park) was monitored by Ma-
jor et al. (2009) who estimated the prevalence of 63.8% of 
B. transfuga based on examination of 47 faecal samples. The
present data from the Poľana Mountains thus fit well with the
previous knowledge and it is obvious that the infection rate is
steadily considerable throughout the whole area of the brown
bear occurrence in Slovakia. 

All the above referenced data were obtained exclusively by
the faecal flotation; however, the Baylisascaris spp. eggs are
considered indistinguishable (Sapp et al. 2017). To unequiv-
ocally categorize species transmitted in bears of the Poľana re-
gion, we employed molecular approach that has been previ-
ously successfully applied to species determination in both
faecal and biopsy Baylisascaris samples (e.g., Testini et al.

Figure 4 Baylisascaris transfuga male. Posterior end – spicules, precloacal papillae. Scale bar = 200 µm
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2011; Moudgil et al. 2014). In the present study, species iden-
tity of the two morphologically characterized specimens, 
a male and a female of B. transfuga, was corroborated by the
evidence from nuclear and mitochondrial sequences. Whereas
the nucleotide composition of the ribosomal 28S gene was
completely identical to the available sequences for B. transfuga
from the Netherlands and China (comparative data provided by
Franssen et al. 2013; Li et al. 2012), at least one fixed differ-
ence was observed in the mitochondrial cox1 gene for Slovak
samples in comparison with isolates from the Netherlands,
Italy, and China (Testini et al. 2011; Xie et al. 2011; Franssen
et al. 2013). Given that the two examined isolates were col-
lected from brown bears in different sites of the Poľana PLA,
the sequence pattern with 216C/T nucleotide substitution
seems to be characteristic for the transmitted Slovak Baylisas-
caris population. Nevertheless, this silent mutation does not
change the amino acid composition and thus presumably does
not provide any selective advantage or disadvantage. Accord-
ing to Blouin et al. (1998), the mitochondrial sequences of
closely related nematode species typically differ by 10–20%.
A level of merely 0.3% of differences in cox1 sequences herein
determined for B. transfuga from different continents is far
from this presumptive threshold, and is suggestive of striking
genetic homogeneity within the species. The present study also
corroborated the close relationship between Baylisascaris
within Ursidae, in revealing the highest degree of genetic
similarity of the analyzed B. transfuga with B. schroederi
from giant pandas and B. ailuri from red pandas.

Baylisascaris roundworms are known to produce a huge
number of eggs that are released into the environment with ex-
crements of the host. In fact, the life cycle of B. transfuga is
not completely recognized; nevertheless, information that cap-
tive bears shed as many as 10–20 thousand eggs per gram of
bear faeces is available (Papini and Casarosa, 1994). The en-
dogenous development of B. transfuga in definitive hosts re-
mains to be more thoroughly elucidated (Bauer, 2013). In
contrast to the aggressive B. procyonis raccoon roundworm, the
bear-affiliated B. transfuga has a lower potential to imply
health disorders in aberrant, untypical hosts including hu-
mans. Its larvae are able to migrate in such host organism, but
they are of smaller size, grow slower, and their penetration abil-
ity seems to be reduced in comparison with some more thor-
oughly studied congeners (Schaul 2006). However, some lab-
oratory animals (small mammals and birds), experimentally
infected with B. transfuga, were found to suffer from vis-
ceral, ocular, and even neural larva migrans, but the clinical
manifestations were mild, or not apparent (e.g., Matoff and Ko-
mandarev 1965; Papini and Casarosa 1994; Sato et al. 2004).
Nevertheless, a single report is available on a lethal Baylias-
caris infection of aberrant hosts, Japanese macaques kept to-
gether with the American black bears infected with 
B. transfuga, in a Japanese Zoo (Sato et al. 2005). The species
identity of the larvae from the macaques was not definitively
confirmed; however, B. transfuga transmission from bears
was highly probable. Although the parasite does not cause se-

rious clinical problems to bears in the nature, it might have in-
direct effects on the condition and nutritional status of the host.
The clinical signs associated with larva migrans may be sig-
nificant in aberrant hosts. Regarding humans, no confirmed re-
ports of larva migrans caused by B. transfuga are available;
however, this infection is considered to be possible if the in-
tensity of infection is sufficiently strong (Gavin et al., 2005;
Sapp et al. 2017). 

Given that highly infected bears are becoming more com-
mon in Slovak settlements, the probability of infecting aber-
rant hosts (domestic animals, pets, humans) is concomitantly
increasing. Indeed, people, including physicians, veterinarians,
hunters and wildlife biologists, are not sufficiently aware of the
possibility of infection with the bear roundworm and its prob-
able consequences. Therefore, fresh bear excrements found
close to human dwellings should be thoroughly disposed and
decontaminated, as recommended by Kazacos (2016). In any
case, a potential ability of B. transfuga to serve as a zoonotic
agent should be considered and subjected to further research.
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