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ABSTRACT

During 2008 to 2016, five polar bears (Ursus maritimus) swam from the East Greenland population to Iceland
and were shot soon after walking ashore. Each bear was dissected. Ectoparasites were searched for in their ears
and fur, helminths in the gastrointestinal tract and Trichinella larvae in muscles. Protozoan cysts, oocysts and
helminth eggs were also searched for in faecal samples. No ectoparasites were detected. Two bears (40%) hosted
fourth stage larvae of the nematode Contracaecum osculatum (strain B) in the stomach. Characteristic scars,
noted as craters in the rectum wall, indicated previous acanthocephalan infection in one bear. Three polar bears
were infected by the nematode Trichinella nativa. No protozoan parasites were detected in faecal samples, but
cysts of the heterokontophyte Blastocystis sp. were found in faeces of two bears (40%). This is the first report of
C. osculatum, Blastocystis sp. and an acanthocephalan infection in free-living polar bears.
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YFIRLIT

Snikjudyr i fimm fleekings isbjornum (Ursus maritimus) sem syntu til Islands & drunum 2008 til 2016.

Fimm hvitabirnir tr stofninum vid Austur Graenland syntu til {slands 4 arunum 2008 til 2016. Birnirnir voru
aflifadir skdmmu eftir ad hafa stigid hér 4 land, krufoir og i framhaldinu rannsakadir i margvislegu tilliti. Leitad
var ad utvortis snikjudyrum i hud, feldi og eyrum. Leitad var ad ormum i meltingarvegi og lirfum trikina
(fleskorma) (Trichinella) i vodvum. I saur var leitad ad eggjum snikjuorma og polhjupum einfrumunga. Engin
ytri snikjudyr fundust. [ maga tveggja hvitabjarna (40%) fundust fjorda stigs lirfur pradormsins Contracaecum
osculatum (strain B). Daemigerd or aftast i ristli eins hvitabjarnarins bentu til pess ad par hefou krokhofoar
adur haldid til - en peir bora hausnum nidur i ristilvegginn og orsaka par demigerd hysilvidbrogd, sem sjast
lengi eftir ad ormarnir hafa sleppt par takinu. Prir hvitabjarnanna voru smitadir af trikinum. Vid rannséknir &
saursynunum fundust engin ummerki um smit af voldum einfrumunga i meltingarvegi en polhjupar Blastocystis
sp. (Heterocontophyta) fundust i saur tr tveimur hvitabjarnanna (40%). bremur pessara tegunda, C. osculatum,
Blastocystis sp. og krokhofdanum hafdi ekki adur verid lyst sem snikjudyrum villtra hvitabjarna.

INTRODUCTION
The natural habitats of polar bears (Ursus 1998). Polar bears are not native in Iceland, an
maritimus) are found throughout the ice-  island located south of the Arctic Circle in the

covered seas of the circumpolar Arctic (Stirling ~ North Atlantic Ocean, between North America
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and Europe. However, sightings of polar
bears have been documented in Iceland since
the 9th century. At least 500 polar bears have
reached the island, including 50-60 in the 20th
century (Haraldsson & Hersteinsson 2004), a
phenomenon that could increase in the future due
to global warming, with health consequences
for polar bears (Patyk et al. 2015). Usually
these polar bears travelled with drifting pack
ice to Northwest, North and Northeast Iceland.
Some were killed on arrival, but frequently the
animals disappeared when they returned back
to the drift ice. Some of these accounts referred
to bear remains discovered on the shore or even
remains that were found in bottom trawls of
fishing boats off the coast.

Polar bears are good swimmers and able to
travel hundreds of km in a few days without
rest (Durner et al. 2011). During 2008 to 2016,
five polar bears left their natural distribution
area off the coast of East-Greenland and swam
to Iceland. At the time of arrival, the East
Greenland ice edge was from 110 to 170 km
distant from Iceland (Skirnisson, unpublished
data). Soon after landing, the bears were shot and
subsequently examined for various population
and health-related parameters. An extensive
dissection report was compiled for each animal
and sent to The Environment Agency of Iceland
(Skirnisson, unpublished). Various findings
based on examinations of these vagrants have
been published. Age and life-history traits have
been evaluated for each animal by counting and
analysing growth layer groups in the cementum
region of Incisor 1, as presented for two of the
bears in Skirnisson (2009). The identification
of Trichinella nativa was confirmed at the
International Trichinella Reference Centre
(ITRC) in Roma, Italy by using molecular
methods, examining larvae isolated from the
first vagrant bear (Male 1, M 1), which arrived in
Iceland in 2008 (Skirnisson et al. 2010). Later,
Skirnisson (2013) reviewed reasons that are
believed to explain why Iceland has been free
of Trichinella infections. Kutschera et al. (2016)
included four ofthe bears in a study ofthe genetic
variability of vagrant polar bears in the range
of recognized subpopulations in the northern

hemisphere. McKinney et al. (2011) included
samples from a vagrant bear in Iceland in a
study of hepatic microsomal biotransformation
of selected Polybrominated diphenyl ethers
(PBDESs). Levels of organohalogen compounds
(PCBs, chlordane, PBB 153, PBDEs, HCB)
have been determined in adipose tissue, liver,
kidney and muscle of four polar bears (Vetter
et al. 2015). Eibler et al. (2017) analysed lipid
classes and fatty acids in malnourished bears.
Earlier, Klobes et al. (1998) examined levels and
enantiomeric ratios of chlorinated hydrocarbons
in the adipose tissue and the liver of a young,
adult male killed north of Iceland in 1993, a
polar bear that is not included in the results of
the present paper.

Wild polar bears, as well as most other
carnivores at the top of the food chain in
Arctic and subarctic areas of the Holarctic
region, are well known to act as reservoir for
T nativa, a nematode possessing the important
biological characteristic that its larvae survive
in frozen carnivore muscles, which favours the
transmission from one carnivore host to another
under extreme conditions (Rausch 1970, Taylor
et al. 1985, Forbes 2000, Rah et al. 2005, Pozio
& Murrell 2006). However, little information
seems to be available on other parasite species
of wild polar bears. Amstrup (2003) did not see
any evidence of ectoparasite infestations during
21 years of research in Alaska and concluded
that reported diseases and parasites of polar
bears were few, with the exception of the two
most frequently observed parasites, Toxoplasma
gondii and Trichinella spp. (Fagre et al. 2015,
Di Salvo & Chomel 2019, Dubey et al. 2021).
Kurnosova et al. (2017) identified helminth
eggs and a first stage nematode larva found
in faecal samples collected from polar bears
along the coast and from the ice surface in the
Russian Arctic. Three nematode parasites were
found: eggs of Toxascaris sp. and of Uncinaria
stenocephala and first stage larvae identified
as Crenosoma sp. Eggs of an unidentified
trematode  (probably Heterophyidae) and
eggs of a Diphyllobothrium sp. cestode were
also identified. There is a possibility that
these parasite species appeared in the polar
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bear’s faeces as the result of consuming an
infected arctic fox (4lopex lagopus), which is
a well known final host of all these parasites
(Skirnisson et al. 1993, Meijer et al. 2011).

Somerecords of polar bear parasites represent
accidental infections of species acquired by
bears held in captivity. Thus, Rogers & Rogers
(1976) enlist three species of nematodes
(Haemonchus contortus, Dochmius ursi and
Baylisascaris transfuga) and three cestodes
(Diphyllobothrium latum, Bothriocephalus sp.
and Taenia ursi-maritimi) that have been found
in polar bears kept in zoological gardens.

The aim of this article is to present the
results of parasitic research carried out on the
five vagrant polar bears, one male and four
females, especially the discovery of three
parasite species that have not been reported
previously, and to describe the prevalence and
intensity of 7. nativa infections detected in some
of the vagrant polar bears that arrived in Iceland
during 2008 to 2016.

MATERIAL AND METHODS

After the polar bears were photographed,
weighed, measured, and sexed (Table 1), each
bear was examined for ectoparasites. Hair was
collected with a comb from different parts of
the body and the ears, then examined under a
stereomicroscope. After digestion in 10% KOH
(Foreyt 2001), samples were also examined
under the microscope for the presence of
ectoparasites.

During autopsy, inner organs were
macroscopically examined for anomalies.
Tissue and muscle samples were systematically
taken and fixed in 10% buffered formalin. Later,
histological sections were prepared, stained
with haematoxylin—eosin (H&E) (Suvarna et
al. 2013) and examined microscopically for
the presence of parasites. The gall bladder was
dissected, and its contents examined under a
stereoscope. Scrapings from the urinary bladder
were examined under the microscope for the
presence of worms and helminth eggs.

Stomach, intestine and rectum were
separated, with the content of each rinsed under
running water into a 10 litres bin filled with
approximately 6 litres of water. After thorough
mixing and gently stirring, the contents were
allowed to sediment for approximately an hour.
Helminths were searched for with a stereoscope,
both in the floating material and in the sediment.

Unique scars were noticed in the rearmost part
of the rectum of Female 3 (F3) post cleansing.
They appeared as craters in the mucosa of the
rectum wall and were considered to represent
previous acanthocephalan infection. The scars
were described, counted and photographed.

To evaluate a possible Trichinella infection,
50 grams of tongue, diaphragm and masseter,
respectively, were weighed from each polar
bear and examined by applying the digestion
method described by Mayer-Scholl et al.
(2017). Intensity of infection is presented as the
number of larvae per gram muscle (Ipg). Larvae

Table 1. Arrival date and site, length, weight, sex, estimated age and approximate fat proportion of five polar

bears (Ursus maritimus) shot shortly after having swum to Iceland during 2008 to 2016. Birth month of cubs is

set as January.

Male 1 Female 1 Female 2 Female 3 Female 4
Date of arrival 3 June, 2008 16 June, 2008 27 January, 2010 2 May, 2011 16 July, 2016
Area of Iceland Middle north Middle north Northeast Westfjords Middle north
Shooting site bverarfell Hraun a Skaga bistilfjordur Rekavik Hvalsnes
Total length, cm 209 194 173 173 207
Weight, (kilo) 220 142 138 95 204
Estimated age 22yr, 6 mo 14yr, 6 mo 4 yr, 1 mo 3yr, 5 mo 1lyr, 7 mo
Estim. fat (%) 10% 0% 6% 5% 29%
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isolated from M1 (Figure 1, Table 1) were sent
to E. Pozio at ITRC in Roma, Italy. There, the
identification of 7. nativa was confirmed by
using molecular (PCR) methods (Skirnisson et
al. 2010). Unfortunately, later trials to isolate
DNA from frozen tissue samples from F2 in
Italy were unsuccessful (E. Pozio, personal
communication).

Faecal samples were taken from the rectum
and examined for the presence of helminth eggs
and protozoan cysts or oocysts by using the
formalin-ethyl acetate sedimentation technique
(FEAST) (Allen & Ridley 1970).

Fourth stage nematode larvae (L4) detected
in the stomach of two bears (F3 and F4) were
examined morphologically, measured and
photographed using a Leica DC 300 digital
camera mounted on a Leitz microscope equipped
with Nomarski (DIC) contrast. The middle part
of one larva found in the stomach of each bear
was cut free, fixed in 85% EtOH and preserved
for DNA analysis.

After removing ethanol from the nematode
samples, DNA was extracted using the QlAamp
DNA Mini Kit (Qiagen, Germany), following
the manufacturer’s instructions. Polymerase

Figure 1 First stage larvae (diameter 40 pum) of
Trichinella nativa from polar bear (Ursus maritimus)
Male 1 that swam to Iceland in June 2008. a. Free

first stage larva from the diaphragm. b. Spiral-formed
larva encapsulated within a collagenous cyst. The
cyst (380 x 500 pm) has a prominent dark-brown
lipid droplet at the one end. Photo: Karl Skirnisson.

chain reactions (PCR) and sequencing of the D2
domain of the 28S subunit (primers C2°B/D2),
the internal transcribed spacers ITS1 and 1TS2
(primers BD1/BD2 and C1A/ITS3) of rDNA,
and Cox! domain (primers JB3/JB4.5) of the
mDNA were performed under the conditions
previously described (Morgan & Blair 1995,
Jouet et al. 2008, 2010). PCR products were
directly sequenced in both directions with
the primers used for DNA amplification
(Genoscreen, France). Sequences were aligned
using ClustalW that is included in MEGA 11
software (Tamura et al. 2021), then checked by
eye. Sequences obtained from the two larvae
were compared with sequences of nematodes
available in GenBank.

RESULTS

The vagrant polar bears

Three of the five polar bears arrived in
Iceland in June or July after swimming from
further north (Table 1). One (F3) arrived on
the island in early May. Geographically,
these individuals either arrived in the middle
of northern Iceland (three bears) or in the
Westfjords (one animal). Names of the arrival
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sites are given in Table 1. The fifth bear (F2)
reached Northeast Iceland in mid winter and is
believed to have come from a pack-ice tongue
approximately 150 km northwest of the
arrival site. As the ice melted, the animal had
to swim, but a strong, long lasting, prevailing
northwest wind helped in drifting the female
to the arrival site.

Female 2 is probably the only one of the five
bears that did not voluntarily decide to leave the
natural distribution area of polar bears.

Two of the polar bears were young females
(3.5 and 4.1 years.month old; cubs are regarded
to be born in January). The others were old
individuals, and three of the bears were severely
malnourished (see Table 1).

Parasites found within the vagrant bears

Two species of nematode parasites were found.
Trichinella sp. larvae were present in the
musculature of three bears. C. osculatum was
found in the stomach of two bears (Table 2). In
addition, scars believed to indicate a previous
acanthocephalan infection were noticed in one
bear. Faecal sample examinations revealed
neither Toxoplasma nor helminths infection,
but cysts, identified as Blastocystis sp.,
were detected in faeces from two bears. No
ectoparasites were observed, and examinations
of histological samples did not reveal any
parasites.

Trichinella nativa
Three polar bears (M1, F2 and F4) were
infected with larvae of Trichinella sp.; the
larvae examined from M1 were confirmed to be
T. nativa (Figure 1). The highest Ipg value was
detected in the oldest animal, M1 (22.6 years
old, average Ipg value in its tongue, masseter
and diaphragm was 6.6). Comparable values
were 2.1 Ipg for the 11.7-year old female F4 and
0.9 Ipg for the 4.1-year-old subadult female F2.
Intensity of infection on three well-known
predilection sites in polar bears was evaluated,
with the highest larvae density (Ipg value) detected
in the tongue (average Ipg value 4.5, n=3).
Comparable Ipg values in masseter and diaphragm
were 3.0 and 2.1, respectively (Table 2).

Contracaecum osculatum

Live nematode larvae were found to be mixed
with mucus from the stomach in two polar
bears, with two larvae in each bear (Figure 2,
Table 2). The lengths of the larvae were similar,
12.5 and 13 mm in F3; 10 and 14 mm in F4.
Morphologically, the larvae appeared to be
identical, and all had reached the fourth larval
stage, L4. Based on morphological criteria, the
larvae belonged to the subfamily Contracaecinae
(Anisakidae). Due to the difficulties in
distinguishing the morphologically similar L4
larvae of C. osculatum and Phocascaris spp.
(Berland 1964, Fagerholm 1982), a molecular

Table 2. Parasites of five vagrant Polar bears (Ursus maritimus) that swam to Iceland in the period from 2008

to 2016. Numbers of larvae per gram musculature (Ipg) are given for polar bears infected by Trichinella nativa,

and numbers of fourth stage Contracaecum osculatum larvae (larval stage 4, L4) found in the stomach of two

bears are reported.

Male 1 Female 1 Female 2 Female 3 Female 4

Trichinella nativa

in tongue, lpg 8.5 1.2 0 3.7

in masseter, lpg 6.8 1.0 0 1.3

in diaphragm, Ipg 4.4 0.6 0 1.4
Contracaecum osculatum (L4) 0 0 0 2 2
Acanthocephala - signs in rectum - - - -
Blastocystis sp. - cysts in faeces - - - + +
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Figure 2 Fourth stage larvae (L4) of Contacaecum osculatum from the stomach of polar bear (Ursus maritimus)

Female 3. a. Two free-moving larvae; b. Anterior end with anterior caecum and posterior appendix; ¢. Anterior
end showing lips and shape of head; d. Shape of the tail. Scale bars a 2 mm, b 100 pm, ¢,d 250 pm. Photo:

Karl Skirnisson.

analysis was carried out to confirm the genus/
species of the isolated larvae. The two available
nematode samples (CON1 from the stomach
of F3 and CON2 from F4) were analysed (D2,
ITS1, ITS2, CoxI), and then compared with all
sequences available in GenBank (3 sequences
for Phocascaris spp. and approximatively 2000
sequences for Contracaecum spp., including
324 sequences of C. osculatum).

The CON1 and CON2 sequences were
100% homologous for D2 (401 bp) with
haplotype Acc. Ns AF226580, an adult of
C. osculatum strain B (sensu Nascetti et al.
1993), which had been isolated from a harp
seal (Phoca groenlandica) from Canada by
Nadler et al. (2000). For ITS2, CONI and
CONZ2, sequences were 100% homologous with
haplotypes Acc. Ns. MG787557, corresponding

to C. osculatum isolated from Atlantic cod
(Gadus morhua) from Poland (Liu & Liu 2018,
direct submission) and Acc. Ns. AJ250420,
corresponding to an adult of C. osculatum
strain B isolated from a harp seal from Atlantic
Canada (Zhu et al. 2000). For ITS1, only a few
intraspecific variations (9 and 17 out of 434
bp) were observed between CON1, CON2 and
sequences Acc. Ns. AJ225062 and KM273050,
corresponding to larvae of C. osculatum isolated
from Atlantic Cod from Gdansk Basin in Poland
(Zhu et al. 1998) and from Denmark (Mehrdana
etal. 2014). Finally, only intraspecific variations
(5 to 7 out of 366 bp) were observed for Cox/
between our sequences and larvae of C.
osculatum strain B sensu Nascetti et al. (1993)
(Acc. Ns. JN786333 and JF711063-JF711066)
isolated from Greenland halibut (Reinhardtius



POLAR BEAR PARASITES 27

Figure 3 Six crater-like, grey-coloured scars in the
mucosa of the hindmost part of the rectum of polar
bear (Ursus maritimus) Female 3. Each scar (black
arrows) is believed to represent previous attachment
location of an acanthocephalan, the site where the
worm had embedded its proboscis into the rectum
wall. Dark sports in the centre of some scars are
believed to represent haemorrhagic lesions caused
by thorns of the proboscis. Scale bar 500 pm. Photo:
Karl Skirnisson.

hippoglossoides) in the Barents Sea (Dzido et
al. 2011, direct submission; Dzido et al. 2012).

The results confirmed the membership of our
samples to the “C. osculatum complex,” which
includes six sibling species: four representing
the Arctic members (C. osculatum strain A, C.
osculatum strain B, C. osculatum sensu stricto,
C. osculatum baicalensis), and two representing
Antarctic specimens (C. osculatum strain D, C.
osculatum strain E), and that the larvae in our
samples belonged to the species C. osculatum
strain B sensu Nascetti et al. (1993).

Acanthocephala

Nine greyish, crater-formed protrusions, some
having a dark spot in the centre, were observed
on the mucosa of the rearmost 10 cm of the
rectum of the subadult female F3 (Figure 3).
Comparable lesions were not noted in the other
animals. Diameter of each protrusion varied
between 1.5 and 2.0 mm. Each such scar is
believed to represent an earlier infection by an
acanthocephalan that had inserted its proboscis
into the rectum wall, causing inflammation and
the observed host reaction.

Blastocystis sp.
Examination of faecal samples with the
sedimentation technique did not reveal any
protozoan infections. However, cysts of
Blastocystis sp. were found in faeces of two
bears (Figure 4, Table 2). By microscopic
examination of the sediment, approximately
200 cysts (F3) and around 40 cysts (F4) were
counted on a slide with a 20 x 20 mm cover glass.
Diameter of the spherical cysts varied between 7
and 9 pm. Light microscopy examination of the
cysts indicated a central vacuole that appeared
to be surrounded by a thin band of peripheral
cytoplasm, which contained other organelles.
The cyst wall thickness varied between
approximately 0.7 and 1.0 um. Most cysts were
thin-walled (Figure 4a,c); thick-walled cysts
(Figure 4b) were rarely noticed in F4.

Figure 4. Blastocystis sp. cysts detected in faeces of two polar bears (Ursus maritimus) (Female 3 and Female
4) that swam to Iceland in 2011 and 2016, respectively. Note the characteristic refractile cyst wall surrounded
by loose irregular outer coat: a. Cyst from Female 3, b,c¢ two cysts from Female 4, note the different thickness
of the cyst wall. Scale bars a,b,c 5 um. Photo: Karl Skirnisson.
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DISCUSSION

The study and identification of pathogens is
essential for understanding the impact of climate
change on the health of wildlife. Some threats
and metrics have thus been defined, including
the search for parasites in polar bears (Fagre et al.
2015). Indeed, the displacement of populations
induces exposure with new parasites, having an
impact on the health and survival of the animal,
but also inducing a risk of zoonoses for humans
(Fagre et al. 2015, Patyk et al. 2015, Atwood et
al. 2017).

Wild polar bears are well known hosts of
Trichinella. nativa (Rausch 1970, Forbes 2000,
Pozio & Murrell, 2006, Seymour et al. 2014,
Crisostomo-Jorquera & Landaeta-Aqueveque
2021) and Toxoplasma gondii (Fagre et al. 2015,
Dubey et al. 2021). However, according to the
available literature, Contracaecum osculatum
nematodes in the stomach, cysts believed to
belong to Blastocystis sp. in faeces, and scars
believed to represent earlier acanthocephalid
infection in the rectum, have not previously
been reported from wild polar bears.

Various reasons have been suggested
to explain the lack of diversity within the
parasite fauna of wild polar bears living on
ice. Certainly, limited research could be a part
of the explanation, but solitary lifestyle with
restricted social encounters (Stirling 1988) and
lack of suitable intermediate or definitive hosts
for the maintenance of complicated life cycles
out on the ice are likely to contribute to the low
parasitic burden observed. By contrast, in the
review of Rogers & Rogers (1976), 77 species
of parasites have been reported for wild and
captive ursine bears in terrestrial ecosystems
- 15 parasites (including trematodes, cestodes,
nematodes and arthropods) are known from
brown-grizzly bears (Ursus arctus) in North
America, 11 of these have also been reported
from wild black bears (Ursus americanus). In
Eurasia, 28 parasite species have been reported
from brown bears (U. arctus).

Recent examination of faeces of polar bears
living along or near the coast in the Russian
Arctic revealed five helminth species that have
all been reported to be common parasites of

the arctic fox (Skirnisson et al. 1993, Meijer et
al. 2011), which might have been acquired by
scavenging fox cadavers (Kurnosova et al. 2017)
or consuming their faeces. However, it should
be noted that, e.g., the nematodes Uncinaria
stenocephala and Toxascaris leonina have a
wide range of potential mammalian definitive
hosts and may be naturally occurring parasites
of polar bears, especially in arecas where direct
life cycles might be maintained.

Trichinella and their absence in Iceland

T. nativa is widespread in Arctic and subarctic
areas of the Holarctic region. Carnivores at the
top of the food chain, mainly the polar bear and
arctic fox, act as a reservoir, but a number of
omnivorous and even herbivorous mammals can
also become infected. In Europe some countries
(e.g. Denmark and Luxembourg) and islands
(e.g. the British Isles, Sardinia, Sicily, Malta
and Cyprus) are free of Trichinella spp. (Rausch
1970, Taylor et al. 1985, Pozio & Murrell
2006). Iceland is also one of the Trichinella-free
islands. Systematic search for Trichinella larvae
in domestic pigs in the 1950s and examination
of feral minks (Neovison vison) in 1993 did not
reveal Trichinella infections (Skirnisson et al.
2010). Furthermore, no larvae were found in
more than 8.000 horses examined during 1998
to 2012 from all parts of Iceland. Additionally,
in 2012 more than 60.000 domestic pigs were
found to be free of a Trichinella-infection
(Skirnisson et al. 2010).

Written sources report more than 500 polar
bears to have been recorded in Iceland since the
9" century. Since 2008, three polar bears have
been reported to be infected with Trichinella
sp. in Iceland. In one of the cases 7. nativa
was proven to be the species involved. We
consider this species also to have been present
in the other two vagrants originating from the
East Greenland population. The fourth polar
bear known to be infected by Trichinella sp.
was shot in 1963 (Skirnisson 2013). Based on
these findings, and the prevalence of 7. nativa
infections in polar bears in Greenland, we
can assume that 7. nativa-infected polar bears
have repeatedly arrived and died in Iceland.
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However, no sources indicate that the parasite
has ever become indigenous. The few terrestrial
mammalian species that could participate in
Trichinella transmission in Iceland include the
arctic fox, mice (mainly Apodemus sylvaticus),
rats (mainly the brown rat Rattus norvegicus)
and the feral mink (Skirnisson 2004). Therefore,
in order to prevent a possible transmission in
Iceland, remains of polar bears should be safely
removed and made inaccessible for mammalian
scavengers.

The absence of 7. spiralis and T. nativa,
however, is partly explained by the fact that
domestic pigs had disappeared in Iceland some
centuries before the brown rat (these two being
the mammals usually needed for a successful
transmission of 7. spiralis) colonized Iceland
in the 18" century (Skirnisson 2004, 2013). The
isolation of the country and the restricted and
controlled importation of potential hosts, along
with a scarcity of appropriate hosts favouring
a successful 7. spiralis transmission, certainly
contribute to the absence of 7. spiralis in Iceland.

Born & Henriksen (1990) reported a higher
incidence of infection with Trichinella sp. with
increased age of polar bears. In their studies, no
bears younger than three years old were found
to be infected, but the prevalence of Trichinella
sp. among bears of the age group 3-4 years
was 25%, and 53% among older animals. Our
results are comparable, reporting three out of
four bears (75%) that were older than 4 years
hosted Trichinella sp. However, our finding that
Ipg values increased with increased host age is
probably a coincidence.

Contracaecum osculatum and Phocascaris spp.
Taxonomic distinction between the two genera
(Contracaecum and Phocascaris) is based
on the presence (Contracaecum) or absence
(Phocascaris) of interlabia and a labial
denticulation in Phocascaris (Berland 1964,
Khalil et al. 1994). Molecular analyses showed
that the L4 larvae obtained from the stomach
of polar bears F3 and F4 were identical and
belonged to the species C. osculatum. Within
this species, the results obtained for D2, ITSI,
ITS2 and Cox! confirmed that our L4 samples

belonged to the C. osculatum clade B sensu
Nascetti et al. (1990, 1993), a strain also
isolated from Atlantic cod, Greenland halibut
and harp seal (Zhu et al. 1998, 2000, Nadler
et al. 2000, Mattiucci et al. 2008, Dzido et al.
2012, Mehrdana et al. 2014). This clade/strain
B, described for the first time by Nascetti et al.
(1993), also includes specimens isolated from
harp seals, grey seals (Halichoerus grypus),
common seals (Phoca vitulina), bearded
seals (Erignathus barbatus) and hooded seals
(Cystophora cristata).

Infective third stage larvae of Contracaecum
occur in the liver of fish (Fagerholm 1982),
with dozens of marine fish species having been
reported to act as the second intermediate host
in the life cycle (Lick 1991, Hauksson 1992).
When consumed with the fish host by mammals
(or birds), the L3 larva moults to L4 larvae,
which starts its development in the definitive
host. Common definitive hosts in the life cycle
of C. osculatum are the most important prey
species of polar bears in the East-Greenland
population, namely ringed seals (Phoca
hispida), and to a lesser degree the bearded seal
and other seal species (Stirling 1988), which
acquire the infection by eating L3 infected fish.

Two possibilities are regarded to explain
the origin of the C. osculatum infection in the
polar bears. Most likely the larvae (L3 or L4)
occurred in the stomach of a seal that the bears
had consumed. If this was the case, the seal
served as a paratenic host for the larvae that then
continued to live in the new host, the polar bear.
However, the small size of the larvae (12.5-
14.5 mm) suggests either a recent infection or
an inadequate developmental environment in
the stomach of the bear. However, it cannot be
ruled out, although unlikely, that the polar bears
acquired the larvae by directly feeding on a
L3 infected fish. In this case the larvae would
already have developed to the L4 stage in the
stomach of the bears.

Acantocephala

It is unknown which acanthocephalan might
have been involved in forming the Iesion
observed on the mucosa in the rectum. The scars
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are considered to have been formed where the
proboscis of an acanthocephalan worm had been
embedded in the wall, with its body protruding
into the rectum lumen. Host reactions and
inflammation around the embedding proboscis
are regarded to have formed the crater-like
protrusions. The dark spots sometimes noticed
in the centre most likely represent haemorrhagic
lesions caused by thorns of the proboscis that
injured the rectum wall.

Corynosoma  spp., which frequently
parasitize  phocid seals  (Leidenberger
et al. 2020), are likely candidates in this
case. Representatives of the genus have
a heteroxenous life cycle, comprising a
peracaridan intermediate host, a fish paratenic
host and a wide range of potential mammalian
definitive hosts. Occasionally, Corynosoma
spp. enter an accidental definitive host, from
which it is unable to complete its life cycle
(Leidenberger et al. 2020). It seems likely
that this happened in the present case, that
acanthocephalan worms living in the intestine
of'a phocid seal had shifted definitive hosts after
having been consumed by the polar bears. The
scar formation and the prominent host reaction
indicate that the acanthocephalans might have
been attached to the rectum wall for weeks.

Blastocystis sp.

Blastocystis is an unicellular protist belonging
to the eukaryotic phylum Heterokontophyta,
which initially was considered to be a
commensal, but later observations and studies
strongly suggest it to be a pathogen in humans.
Although this is supported by strong clinical
and scientific evidence, the virulence factors,
pathogenicity and other risk factors involved
in disease manifestation are still obscure (Parja
& Jeremiah 2013). An alternative theory, that
Blastocystis is not a pathogen at all, has recently
been strengthened based on its biochemistry
(Stensvold & Giezen 2018).
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