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Abstract

Trichinella sp. muscle larvae were isolated from the thigh muscle of two red foxes (Fulpes vulpes) captured in Sapporo and Otofuke, Hokkaido,
Japan, in 2003. Multiplex PCR designed for genotyping the genus Trichinella revealed that the Sapporo isolate showed a specific pattern to
T. britovi complex (T. britovi, Trichinella T8 and Trichinella T9) and the Otofuke isolate showed that to T. nativa. Nucleotide sequences of a part
of the mitochondrial cytochrome oxidase subunit [ (COI) gene and internal transcribed spacer 2 (ITS2) of the Sapporo isolate showed the highest
similarity to those of Trichinella T9, a species detected in the mainland of Japan. This study shows that both T. nativa and Trichinella T9 are

circulating in wildlife of the Hokkaido island.
© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Zoonosis; Trichinella nativa; Trichinella T9; Epidemiology; Fox; Japan

Trichinellosis is one of the important helminthic zoonosis
caused by eating raw or undercooked meat containing Trichi-
nella sp. muscle larvae. Currently, the genus Trichinella is
classified into eight species (T. spiralis, T. nativa, T. britovi,
T pseudospiralis, T. murrelli, T. nelsoni, T. papuae and T.
zimbabwensis) and three unclassified genotypes (Trichinella
T6, Trichinella T8 and Trichinella T9) [1]. All known Trichi-
nella species were morphologically indistinguishable except for
T. pseudospiralis, which species is smaller in size than others.

In Japan, the first case of Trichinella sp. infection was found
in a domestic dog in 1957 [2]. The first human outbreak oc-
curred in 1974 in Aomori prefecture [3], and then in 1979 in
Hokkaido prefecture [4] and in 1981 in Mie prefecture [5].
Following the human outbreaks, intensive surveys for Trichi-
nella infection in wild mammals have been carried out, and two
black bears, Ursus thibetanus [6], one red fox, Vulpes vulpes
[7] and one raccoon dog, Nyctereutes procyonoides [8] in the
northern part of mainland Japan, and five red foxes in Hokkaido
[9] were found to be infected. The story of the parasite iden-
tification was troubled. Trichinella sp. isolated from a black

* Nucleotide sequences data reported in this paper are available in the EMBL,
GenBank and DDBJ data bases under the accession numbers: AB255885,
AB255886.

* Corresponding author. Tel./fax: +81 11 706 5196.

E-mail address: oku@vetmed.hokudai.ac.jp (Y. Oku).

1383-5769/3 - see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.parint.2006.08.004

bear (International Trichinella Reference Center (ITRC)
isolation code ISS 408) and raccoon dog (code ISS 409) in
mainland Japan were first analyzed by RAPD and once iden-
tified as 70 britovi [10]. These isolates were, however, reana-
lyzed by DNA sequencing and PCR-RFLP, and then classified
as a new genotype, Trichinella T9 [11]. In 2001, Trichinella sp.
(code ISS 1028) were detected in foxes of the Otaru city,
Hokkaido [9], and one isolate was sent to ITRC for its iden-
tification. This isolate (ISS1028) was first identified as 7. nativa
by multiplex PCR. However, when larvae of the same sample
were tested again by multiplex PCR and PCR-RFLP in the same
laboratory, they were identified as belonging to the Trichinella
T9 genotype; consequently, so far, T. nativa was never docu-
mented in Japan. The aim of the present work is to describe the
first identification of both T. nativa and Trichinella T9, in the
Hokkaido island, Japan. .
Two fresh carcasses of red foxes shot by hunters in Sapporo
and Otofuke, Hokkaido, Japan in 2003 were sent to our labo-
ratory. A part of the thigh muscle was investigated for Trichi-
nella sp. muscle larvae by an artificial digestive method. Briefly,
a part of the thigh muscle (approximately 20 g) was minced by
scissors and incubated in artificial gastric juice (NaCl saline
containing 0.75% pepsin and 0.75% HCI) for 2 h at 37 °C. After
digestion, larvae were detected in muscles of both foxes with a
worm burden of 7.1 larvae per gram (LPG) from the fox in
Sapporo and 31.1 LPG from the fox in Otofuke. The collected
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Fig. 1. Agarose gel separation of multiplex PCR products. Amplification was carried out with 35 cycles as follows: 94 °C for 30 s, 58 °C for 30 s, 72 °C for 1 min. M,
100 bp ladder. Lane 1-4 reference straines, Lane 1, Trichinella spiralis (code ISS413). Lane 2, T nativa (code ISS 10). Lane 3, Trichinella T9 (code 1SS408). Lane 4,
T. pseudospiralis (code ISS 13). Lane 5~-9, five individual larval DNA samples from a red fox (¥, vulpes) of Otofuke, showing a single band specific for T nativa Lane
10-14, five individual larval DNA samples from a red fox in Sapporo, showing two bands specific to Trichinella T9.

muscle larvae were washed with saline and 100 larvae of each
isolate were orally inoculated into gerbils. After 3 months,
muscle larvae were collected from the gerbils and stored in
70% ethanol until use. All of the experimental infections were
carried out according to the Guidelines for Animal Experi-
ments of the Graduate School of Veterinary Medicine in Hok-
kaido University.

For PCR amplification, DNA from single larvae was pre-
pared by digesting larvae using proteinase K (Takara, Ohtsu,
Japan). Five single larvae of each isolate were analyzed indi-
vidually. Four reference strains; 7. spiralis (code ISS 413), T.
nativa (code 1SS 10), T pseudospiralis (code ISS 13) and Tii-
chinella T9 (code ISS 408) were used as standards for multiplex
PCR using five primer sets according to a previous published
protocol [12]. Agarose gel electrophoresis of the multiplex PCR
products of the Otofuke isolate showed a single band of 127 bp
(Fig. 1, lanes 5-9), which was the pattern specific for 7. nativa
(Fig. 1, lane 2). In the Sapporo isolate, two bands of 127 bp and
253 bp (Fig. 1, lane 10-14) were observed. This banding
pattern was specific for the T. britovi complex (7. britovi, Tri-
chinella T8 and Trichinella T9) (Fig. 1, lane 3) [13]. For a
further identification of the Sapporo isolate, part of the mito-
chondrial cytochrome oxidase subunit I (COI) gene (379 bp)
and part of the internal transcribed spacer 2 (ITS2) (395 bp)
were amplified and sequenced. Total DNA extracted using
QlAamp® DNA Mini Kit (QIAGEN) from 200 larvae of Sap-
poro isolate was used for DNA sequencing. Two sets of primers
(5'-CACCCAGAAGTATACATCC-3’ and 5'-GTAATAATAG
GTCTAGGGAGG-3’ for COI and 5'-CAATTGAAAACCGG
TGAG-3' and 5'-ATCACTCAACATTAACCG-3’ for ITS2) for
PCR and DNA sequencing were designed based on the se-
quences of T’ nativa (accession no. DQ007891 and AY851267)
and Trichinella T9 (DQO07898 and AY851274). The PCR
product of COI was purified, cloned into the plasmid vector
(pCR®4-TOPO®, Invitrogen). Three clones were sequenced
using capillary sequencer (CEQ8000, Beckman Coulter) and
these three clones of COI gene were identical (accession num-
ber AB255885). The PCR product of ITS2 was sequenced
directly (AB255886). Phylogenetic analysis of COI and ITS2
sequences of Sapporo isolate were performed using software
MEGA version 3.1 [14] with those of all known Trichinella
species. A total of 11 COI sequences (DQ007890-DQ007900)
and 11 ITS2 sequences (AY851266~AY851276) were collected
from GenBank. The result revealed that the Sapporo isolate

showed the highest similarity to the Trichinella T9 COI gene
(DQO07898) and ITS2 region (AY851274). Taken together with
the results of multiplex PCR and phylogenetic analysis, the
Otofuke isolate was identified as T nativa and the Sapporo
isolate as Trichinella T9.

Trichinella nativa has been reported from the arctic and
subarctic zones of the Holarctic region including eastern con-
tinental countries, such as China [15] and eastern Russia [16].
The life cycle of 7. nativa is mainly maintained in wild animals
and muscle larvae survive in frozen meat; e.g. 4 years in arctic
foxes at —18 °C [17] and 5 years in polar bears at — 18 °C [18].
From an epidemiological aspect, T. nativa is thought to be one
of the important species among all Trichinella nematodes be-
cause of its resistance against low temperature. To prevent 7.
nativa infection, adequate cooking is strongly recommended.
Freezing is one of the methods to inactivate 7. spiralis larvae in
muscles of pigs, but it is not a suitable method to inactivate T.
nativa larvae in muscles of carnivores [19]. Trichinella T9 has
only been found in Japan [1]. Based on a recent phylogenetic
study, Trichinella T9 seems to be more related to 7. murrelli of
the Nearctic region than to 7. britovi, and may represent a
peripheral isolate on the islands of Japan derived from a wide-
spread ancestral population that occupied a Holarctic distri-
bution [20]. The Japanese islands remained isolated for a
prolonged period from the continent. In consequence, various
animals evolved indigenously. Trichinella T9 might be speci-
ated in the similar way.
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Copro-DNA diagnosis of prepatent infection
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Prevalence of Echinococcus multilocularis in foxes
in Hokkaido has been around 40%, increasing the
risk of infections to domestic dogs and cats. At pres-
ent, standard diagnostic procedure for dogs and cats
is detection of coproantigen and fecal taeniid eggs,
followed by the confirmative DNA detection from
the eggs. However, during the prepatent period, eggs
canno! be detected while coproantigen is already
positive. Unfortunately, positive results of coproanti-
gen alone can not be definitive indication of the in-
fection because of its cross reactivity with other Tue-
nia infection and occasional false positive result. To
correctly evaluate the risk of £. nudtilocularis and to
take effective preventive measures, it is essential to
detect DNA from the feces even during the prepa-
tent period.

Five dogs were orally given 1,000 (I dog), 150,000
{3) and 1,000,000 (1) protoscoleces of E. multilocu-
laris. Feces were collected daily until 21 days after
infection and DNA was exiracted using QlAamp
DNA Stool Mini Kit (Qiagen) and tested by specific
PCR [1]. As a result, DNA was detected only sporad-
ically, indicating that it is difficult to detect DNA
during the prepatent period.

In the next experiment, two dogs were orally giv-
en 10,000 and 100,000 protoscoleces respectively.
Fourteen days after infection, they were treated with

praziquantel.

Feces were collected until 21 days post infection
and DNA was extracted and tested by the PCR. Be-
fore the praziquantel treatment, only one sample
was positive for the PCR. Bul after the treatment,
the PCR was positive in {eces of both dogs. Detected
DNA is probably derived from the worms that were
killed and excreted together with feces. These re-
sults suggest that DNA detection from feces in com-
bination with the praziquantel treatment can be a
new option for the diagnosis of E. multilocularis in-
fection in the definitive hosts.

Key words: Echinococcus multilocularis, Diagnosis,
copro-DNA
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ABSTRACT. DNA from several isolates of Taenia taeniaeformis and Echinococcus multilocularis were digested with restriction enzymes
and hybridized with digoxigenated oligonucleotide probe (CAC)s. Within the six wild isolates of Taenia taeniaeformis from Norway
rats in Hokkaido, although several bands were common among isolates, fingerprinting patterns were specific to each isolate. In the case
of E. multilocularis, regardless of hosts from which each isolate has been isolated, the five isolates collected from Hokkaido, showed
the same fingerprinting pattern. These results indicate that there was very little genetic difference among these isolates. Although the
fingerprinting pattern of E. multilocularis from St. Lawrence Is. was similar to that of the Hokkaido isolates, some bands were different
from those in the Hokkaido isolates. Echinococcus multilocularis in Hokkaido seems to be closely-related genetically to that from St.

Lawrence Is.

KEY WORDS: different intermediate host species, DNA fingerprinting, Echinococcus multilocularis, genetic uniformity, Hokkaido.

Intraspecific variation has been described from different
geographic areas or host species in all major groups of para-
sites by applying a number of differential criteria {25]. Tra-
ditionally, the morphology was used as the sole differential
criterion. However, more recently several intrinsic or
extrinsic characteristics have been used [26]. Echinococcus
granulosus, which is responsible for cystic hydatid disease
in humans and animals, is known to exist as biologically and
genetically distinct subspecific variants or strains. How-
ever, few intraspecific variations of E. multilocularis have
been reported [2, 4].

Echinococcus multilocularis, which is responsible for
alveolar hydatid disease in humans, is one of the most med-
ically important cestodes in the holarctic region. The natu-
ral intermediate hosts of E. multilocularis are arvicoline
rodents. However, in Hokkaido Japan, natural infections of
E. multilocularis in swine and horse, which have been
scarcely reported in other geographical areas, have been fre-
quently observed [12, 21]. Moreover, natural infection of E.
multilocularis in a Norway rat, Rattus norvegicus, has been
found in southern Hokkaido [16]. Although many species
of mammals have been reported as possible natural or
experimental intermediate hosts of E. multilocularis, there
are few reports on infection in the Norway rat, swine, or
horse outside Hokkaido [15, 20, 23]. Therefore, the possi-
bility that a different strain or population exists in the
Hokkaido district from those reported in other geographical
areas is considered.

Sequencing of mitochondrial or nuclear genes is a useful
tool to infer the phylogenetic relationships of organisms. So
we have examined the partial sequences of mitochondrial
CO1 gene for Hokkaido isolates of E. multilocularis. How-
ever, all isolates shared the same sequence of CO1 gene

J. Vet. Med. Sci. 69(2): 159-163, 2007

[19].

DNA fingerprinting has proved to be powerful in resolv-
ing genetic identity or relationships and is applied in many
diverse areas of biological sciences including forensic sci-
ence, paternity testing, animal breeding and population
genetics [6, 8, 9]. One attractive DNA fingerprinting
method is the detection of hypervariable simple repetitive
DNA by means of oligonucleotide probes, which make it
possible to establish highly informative DNA fingerprints
for any eucaryotic organisms. Oligonucleotide probe
(CAC); is multilocus and a very informative probe to iden-
tify human individuals [28]. It is also useful for verifying
genetic relationships in domestic animals and wild birds [5].
Okamoto et al. [18] applied DNA fingerprinting with
(CAC)s to analysis of genetic variation within Taenia tae-
niaeformis and reported that (CAC)s was a highly resolvable
and informative probe for cestodes.

Taenia taeniaeformis is a common parasite of cats in
Japan, and its intermediate hosts are Norway rat (Rattus nor-
vegicus), small Japanese field mouse (dpodemus argenteus)
and gray red-backed vole (Clethrionomys rufocanus bedfor-
diae) so far reported. From these intermediate hosts, all iso-
lates of T. taeniaeformis from Norway rats shared the same
sequences for CO! gene so far examined [19]. However,
DNA fingerprinting patterns of those isolates constructed
with the oligonucleotide probe (CAC)s were different from
each other [18]

In this study, we examined the genetic variability of Echi-
nococcus multilocularis collected from different intermedi-
ate host species using DNA fingerprinting and discussed the
genetic features of E. multilocularis population in Hokkaido
comparing with the case of 7. taeniaeformis.
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Table 1. Hosts and geographical origins of cestodes examined in this study
Species Isolate Host Geographical origin

Echinococcus multilocularis EmHok Gray red-backed vole Higashimokoto, Hokkaido, Japan
EmTob Gray red-backed vole Tobetsu, Hokkaido, Japan
EmYak Gray red-backed vole Yakumo, Hokkaido, Japan
Empig Pig Kitami, Hokkaido, Japan
Emrat Norway rat Kamiiso, Hokkaido, Japan
EmStL Tundra vole St. Lawrence Is., U.S.A.

Taenia taeniaeformis TtSapl Norway rat Sapporo, Hokkaido, Japan

wild isolates TtSap2 Norway rat Sapporo, Hokkaido, Japan

TtSap3 Norway rat Sapporo, Hokkaido, Japan
TtTom Norway rat Tomikawa, Hokkaido, Japan
TtKam Norway rat Kamiiso, Hokkaido, Japan
TtEbe Norway rat Ebetsu, Hokkaido, Japan
TtCat Cat Sapporo, Hokkaido, Japan

Gray red-backed vole: Clethrionomys rufocanus bedfordiae, Norway rat: Rattus norvegicus, Tundra vole:

Microtus oeconomus.

MATERIALS AND METHODS

Parasites: Five Hokkaido isolates and one Alaskan iso-
late of E. muitilocularis were examined. Each isolate was
passaged by intra-peritoneal injection in Mongolian gerbils
(Meriones unguiculatus) in Hokkaido University. As for
isolates of Taenia taeniaeformis, 6 wild isolates were used.
These taeniid samples were stored in liquid nitrogen, at
—80°C or in 70% ethanol until required for DNA extraction.
The sample list and locality map are shown in Table 1 and
Fig. 1, respectively.

Preparation of DNA: DNA fingerprinting requires com-
parably high-molecular weight DNA, so we have prepared
the genomic DNA using the extraction with phenol. The
details of the method have been given in a previous report
[18].

Sequencing for COI gene: A partial fragment of CO1
gene was amplified from the total DNA by PCR using the
primer pair pr-a and pr-b [19]. Direct sequencing of the
PCR amplification product was performed with a Dye Ter-
minator Cycle Sequencing Kit (Applied Biosystems,
U.S.A.) using the pr-a and pr-b.

DNA fingerprinting with oligonucleotide probe (CAC)s:
Approximately 1 ug of taeniid DNA was digested with 30—
50 units of restriction endonuclease Pst I or Pvu II (Nippon
Gene), using the buffer and reaction conditions as recom-
mended by the manufacturer of the respective enzymes.
Reaction was stopped by the addition of 1/10 volume of
50% glycerol, 10 mM NaHPO,, 100 mM EDTA and 0.4%
bromophenol blue. Digested DNA was loaded on 0.8% aga-
rose gel and run in TBE buffer (89 mM boric acid, 89 mM
Tris, 2 mM EDTA).

After electrophoresis, DNA was denatured by soaking the
gel for 30 min in 0.5 M NaOH, 1.5 M NaCl with constant
gentle agitation and then neutralized by soaking for 30 min
in 0.5 M Tris-HCI (pH 7.8), 1.5 M NaCl. Thereafter, DNA
was blotted with 20 x SSC(3 M NaCl, 0.3 M Nacitrate,
pH7.0) on to positively charged nylon membranes (Hybond
N+, Amersham, U.S.A.) for 6 hr.

Hokkaido Is. @ : Echinococcus multilocularis
B : Taenia tasniasformis
@
TtSapl. 2, 3 Empig  EmHok
TtCat

@ EmTob
B TtEbe

Fig. 1. Collection localities of Echinococcus multilocularis and
Taenia taeniaeformis in Hokkaido Island. For explanations of
abbreviations of sample names, see Table 1. Four isolates of 7.
taeniaeformis from Sapporo were collected from distant locali-
ties in the same city.

The oligonucleotide (CAC)s was chemically synthesized
and purified by reversed phase HPLC. Labeling with digox-
igenated dUTP was done in terminal deoxynucleotidyl
transferase using a DNA Tailing Kit (Roche Diagnostics,
Germany). Membranes were baked at 80°C for 2 hr.
Hybridization with digoxigenated probe and immunological
detection were performed by using a DIG Nucleic Acid
Detection Kit (Roche Diagnostics). Prehybridization and
hybridization were done at 42°C for 1 hr and for at least 10
hr respectively. Filters were then washed twice in 2 x SSC
containing 0.1% SDS at room temperature for 5 min and for
15 min, respectively. These were washed twice in 2 x SSC
containing 0.1% SDS at 45°C for 30 min. Subsequent
immunological detections were performed according to the
manufacturer’s instructions.
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Fig.2. DNA fingerprinting of wild isolates of T. taeniae-
Jformis with digoxigenated oligonucleotide probe (CAC)s.
DNA was digested with Pst I and electrophoresed in 0.8%
agarose gel at 30 V 15 hr. Molecular weight markers are
given on the left in kilobases.

RESULTS

Sequencing of the COI gene: Partial sequences of the
mitochondrial CO1 gene from some samples had been
examined [19]. In this study, therefore, all wild isolates of
T. taeniaeformis except TtTom were examined. All wild
isolates of T. taeniaeformis, including TtCat, shared the
same sequence as that from TtSRN (GenBank/EMBL/
DDBJ accession no. AB221484) [19]. No sequence varia-
tion was observed in E. multilocularis, regardless of the
hosts or geographical areas from which each metacestode
had been isolated [19]. Phylogenetic relationships of taeniid
cestodes, including some isolates examined in this study,
inferred from the CO1 gene have been reported [19].

DNA fingerprinting: DNA from T. taeniaeformis were
digested with Pst I and hybridized with digoxigenated oligo-

Pst1 Pvu Il
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X 0 x g a4 B Q9 X 5 -
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uloWoul oW o oW owow owow
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Fig. 3.
tilocularis with digoxigenated oligonucleotide probe (CAC);s.
DNA was digested with Ps¢ I or Pvu Il and electrophoresed in
0.8% agarose gel at 20 V 24 hr. Molecular weight markers are
given on the left in kilobases.

DNA fingerprinting of six isolates of Echinococcus mul-

nucleotide probe (CAC)s. All isolates showed clear multi-
banding patterns, which were characteristic of multilocus
DNA fingerprinting (Fig. 2). Fingerprinting patterns of wild
isolates of T. taeniaeformis resembled each other. How-
ever, several bands were specific to some isolates, so isolate
was easily distinguishable each other by fingerprinting pat-
terns.

Fingerprinting patterns of 6 isolates of E. multilocularis
when digested with Pst I and Pvu II are shown in Fig. 3.
Regardless of hosts from which each isolate had been iso-
lated, the five isolates from Hokkaido showed completely
the same fingerprinting pattern. Fingerprinting pattern of
EmStL was similar to that of the Hokkaido isolates. How-
ever, some bands seen in EmStL were either different in
molecular size, or missing in Hokkaido isolates. Moreover
additional bands were seen in EmStL.

DISCUSSION

The DNA fingerprinting pattern often is specific to an
individual, except in extreme case of inbreeding or in
monozygotic twins, or clones. It was reported that (CAC)s
represented the informative fingerprints for genetic analysis

f
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of T. taeniaeformis, when digested with HinfI [18]. In the
case of E. multilocularis, digestion with either Pst I or Pvu
11 was effective in preliminary study (data not shown). In
this study, therefore, the digestion with Psz I was applied.

One of the major problems with applying multilocus
DNA fingerprinting to population analysis is that it is
impossible to identify which bands are derived from the
same locus, especially between distant organisms.
Although wild populations usually are highly polymorphic,
with many alleles at a single locus, bands that appear to be
shared by individuals are not always identical alleles at the
same locus [3]. On the contrary, among closely-related,
especially blood-related organisms, many identical alleles
are derived from the same locus, and the fingerprinting pat-
terns resemble each other. In the present study, it seemed
that six wild isolates of T. taeniaeformis were genetically
related to each other. However, no isolate had a fingerprint-
ing pattern that was same as that of any other isolate.

As contrasted with T. taeniaeformis, five isolates of E.
multilocularis from Hokkaido showed the identical finger-
printing pattern. The main intermediate host of E. multiloc-
ularis in Hokkaido is a gray red-backed vole. However,
several reports have been published on natural infections of
E. multilocularis in uncommon intermediate hosts in
Hokkaido Island, namely, swine [21], horses [12] and Nor-
way rats [16]. There have been few reports of natural infec-
tion of E. multilocularis in these intermediate hosts in other
endemic areas. In the present study, although we compared
isolates derived from gray red-backed voles, swine and Nor-
way rats, no difference was detected in their fingerprints.
These results indicate that there was very little genetic dif-
ference among these isolates. It seemed that infections with
E. multilocularis to the unusual animals in Hokkaido were
not responsible for the variation in E. multilocularis.

Generally, wild populations are highly polymorphic, with
many alleles at a single locus. It is very rare that the same
fingerprinting pattern is obtained from two individuals,
except in the case of monozygotic twins. Nevertheless, why
were fingerprints from all Hokkaido isolates of E. multiloc-
ularis identical?

Although all isolates from Hokkaido Island showed an
identical fingerprinting pattern, this did not mean that all
isolates were as uniform as clones. Actually, Nakao e al.
[13] reported that polymorphism of microsatellite DNA was
detected in Hokkaido’s population of E. multilocularis.
Because the multilocus fingerprint is the technique used to
detect RFLPs of genome DNA, sometimes it cannot detect a
slight difference in DNA such as several base indels in mic-
rosatellites. Although it is known that self-insemination
occurs in Echinococcus [10, 24], the heterozygosity of mic-
rosatellite alleles indicates that cross-fertilization also
occurs in E. multilocularis. However, the heterozygosity
observed was low in Hokkaido’s population of E. multiloc-
ularis [13].

Since asexual proliferation occurs in the larval stage of
Echinococcus, a large number of clonal protoscoleces are

produced in intermediate hosts. When foxes prey on the
rodent infected, the majority of adult worms, therefore, are
clonal. An increase in homozygosity within a population of
Echinococcus is well explained by self-fertilization [13],
which can be achieved by a sperm of the same individual
(autogamy) or of another clonal individual (geitonogamy)
[11].

Even though the population of Echinococcus has such
properties, if E. multilocularis is native to Hokkaido and has
inhabited that area for a long time, geographical variation in
fingerprinting should be detected, because the mutation rate
of fingerprinting is very high. In humans, the spontaneous
mutation rate of fingerprinting with (CAC);s has been esti-
mated to be approximately 0.001 per DNA fragment and
gamete [14]. Echinococcus multilocularis in Hokkaido
seems to be a recent population that invaded from another
endemic area. Actually, endemic areas of E. multilocularis
on Hokkaido Island were restricted to its eastern part before
1975 [7]. In addition, if the E. multilocularis that invaded
Hokkaido had been polymorphic genetically, variation in its
fingerprinting should still have remained. The origin of E.
multilocularis endemic in Hokkaido seems to be a single or
very uniform population.

Yamashita [27] assumed that the E. multilocularis preva-
lent in Hokkaido Island was introduced from St. Lawrence
Island via Komandorskie and Kuril Islands. It was reported
that a sequence of COl gene of E. multilocularis from
Kunashiri Island, which was the southern Island of Kuril
Islands, was same as that from Hokkaido [22]. The finger-
printing pattern of EmStL resembled that from Hokkaido
isolates with slight differences in several bands. Comparing
with the case of Taenia taeniaeformis, it appears that
Hokkaido’s E. multilocularis is not identical to EmStL, but
is closely-related genetically.

A partial sequence of the mitochondrial CO1 gene of
EmStL examined is shared with that from Hokkaido’s iso-
lates. However, it was recently revealed that E. multilocu-
laris, which had a different type of the mitochondrial CO1
gene, also inhabits St. Lawrence Island (data not shown).
Thus, E. multilocularis endemic to St. Lawrence Island may
be polymorphic. In the present study, only one isolate from
St. Lawrence Island was examined. Therefore, it is possible
that population, which is identical to E. multilocularis in
Hokkaido, may inhabit St. Lawrence Island. In order to
determine the origin of E. multilocularis in Hokkaido, addi-
tional investigations are needed, including isolates from St.
Lawrence Island, Komandorskie and Kuril Islands.
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Abstract

In order to evaluate the present epidemioclogical situation of Trichinella
infection in wild animals in Hokkaido, Japan, red foxes (Vulpes vulpes), rac-
coon dogs (Nyctereutes procyonoides) , brown bears (Ursus arctos) , martens
(Martes melampus), rodents and insectivores captured in Hokkaido were ex-
amined for muscle larvae by the artificial digestion method from 2000 to 2006.
Foxes (44/319, 13.8%), raccoon dogs (6 /77, 7.8%) and brown bears (4 /
126, 3.2%) were found to be infected with Trichinella larvae and all other ani-
mal species evaluated were negative. Multiplex PCR and DNA sequencing re-
vealed that larvae from a fox captured in Otofuke, in south-eastern Hokkaido,
were T. nativa, and larvae from 27 animals including 21 foxes, 2 raccoon dogs
and 4 brown bears captured in western Hokkaido were Trichinella T9.

Key Words : Epizootiology wild animals, Japan, Trichinella nativa, Trichinella

T9, Zoonosis

Introduction

Trichinellosis is a zoonotic disease caused
by nematodes of the genus Trichinella. Nu-
merous mammals as well as birds and rep-
tiles are known to harbor this parasite in

their muscles. So far, the genus Trichinella is
classified into eight species (7. spiralis, T. na-
tiva, T. britovi, T. pseudospiralis, T. murrelli, T.
nelsoni, T. papuae and T. zimbabwensis) and
three genotypes (Trichinella T6, Trichinella
T8 and Trichinella T9)'. Since the discovery
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of T spiralis in 1835, human trichinellosis had
been considered to be associated with the con-
sumption of pork”. However, the recent ad-
vances in the molecular techniques could re-
veal the presence of sylvatic sycles and syl-
vatic Trichinella containing Trichinella spp.
other than 7. spiralis. Today, it is known that
T. spiralis is maintained mainly in domestic
swine and the sylvatic Trichinella are main-
tained in the wild animals'.

In Japan, the first case of trichinellosis
was reported in a domestic dog in Hokkaido
prefecture in 1957'7, thereafter, there have
been three human outbreaks. The first oc-
curred among local hunters in Aomori prefec-
ture in 1974”, caused by the consumption of
black bear (Ursus thibetanus) meat, and the
second and third outbreaks occurred at the
restaurant in Hokkaido prefecture in 1979
and in Mie prefecture in 1981, respectively,
caused by the consumption of brown bear (U
arctos) and black bear meat”. Since 1974,
many wild animals have been examined to
disclose the epizootiology of Trichinella infec-
tion in Japan ; however, by 1998, only two
black bears”, one red fox (Vulpes vulpes)?
and one raccoon dog (Nyctereutes procyonoi-
des)®™ in the northern part of mainland Japan,
were found to harbor Trichinella muscle lar-
vae.

In Hokkaido, the northern island of Ja-
pan, several kinds of mammals, including 198
foxes and 89 brown bears, were examined for
Trichinella infection before 1999 but no ani-
mals were found to be infected™®’. In 1999, 5
of43 (11.6%) red foxes examined were found
to be infected with Trichinella larvae in Otaru,
Hokkaido®. In addition, the presence of T' na-
tiva and Trichinella T9 in Hokkaido was re-
ported in 2006”. However, before the present
study, only the six cases of Trichinella T9 from
foxes in Otaru and Sapporo and one case of T
nativa from fox in Otofuke were reported in

the limited area of Hokkaido. In this study,
we investigated the prevalence of Trichinella
infection in wild animals on a large scale and
discussed the distributional pattern of T. na-
tiva and Trichinella T9 in Hokkaido.

Materials and Methods

Animals and parasitological examination

From 2000-2006, 525 carnivores, including
319 red foxes (V. vulpes), 77 raccoon dogs (V.
procyonoides ), 126 brown bears (U, arctos ) and
4 martens (Martes melampus) were shot or
trapped by local hunters to prevent agricul-
tural losses or for academic surveys in Hok-
kaido prefecture, Japan (Fig.1). A total of
344 rodents and 27 insectivores were also
trapped in this study (Table 1 ). Most of the
foxes, rodents and insectivores and all of the
raccoon dogs were captured in Otaru and Sap-
poro ; other animals were captured elsewhere
in Hokkaido. Foxes, raccoon dogs and mar-
tens captured in Otaru were frozen at —80TC
for at least one week prior to muscle sampling
in order to sterilize the eggs of Echinococcus
multilocularis that are prevalent in Hokkaido.
Some brown bears were frozen at around
—307C for preservation prior to transporta-
tion to our laboratory. The other foxes and
brown bears were delivered to the laboratory
at low temperature but not frozen. Rodents
and insectivores were examined as fresh sam-
ples.

Muscles were collected from the hind legs
or tongue of all the animals, except for ro-
dents and insectivores, from which the whole
diaphragm, tongue and masseter were col-
lected. At least 10 g of the muscles of carni-
vores or all of the collected muscles of rodents
and insectivores (approximately 1-2g) were
digested with artificial digestion fluid (200 ml
of NaCl saline containing 1% pepsin and 1%
HCl) at 377C for 2 hours according to a stan-
dard procedure”. Motile larvae detected were
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Fig. 1. Geographical distribution pattern of Trichinella nativa and Tri-
chinella T9 in Hokkaido, Japan. The localities where foxes, raccoon
dogs or brown bears were examined for Trichinella spp. are indi-
cated by filled symbols (Trichinella T9 positive), double circle(T.
nativa positive) or open circles (Trichinella not detected).

177

Table 1 Prevalences of Trichinella spp. infection in wild animals in Hokkaido, Japan from 2000-2006.

Sampling places (no. positive / no. examined)

Host animals
Otaru city Sapporo city  Other areas Total (%)

Carnivora
Red fox (Vulpes vulpes) 41/254 1/39 2/26 447319 (13.8)
Raccoon dog (Nyctereutes procyonoides) 6/77 6/77 (1.8)
Brown bear (Ursus arctos) 0/1 4/125 47126 (3.2)
Japanese marten (Martes melampus) 0/4 0/4

Rodentia
Gray red-backed vole (Clethrionomys rufocanus) 0/62 0/72 0/134
Northern red-backed vole (Clethrionomys rutilus) 0/3 0/4 0/7
Large japanese field mouse (Apodemus speciosus) 0/114 0/43 0/157
Small japanese field mouse (Apodemus argenteus) 0/28 0/13 0/41
Brown rat (Rattus norvegicus) 0/3 0/3
Black rat (Rattus rattus) 0/2 0/2

Insectivora
Long-clawed shrew (Sorex unguiculatus) 0/12 0/14 0/26
Shrewmouse (Sorex caecutiens) 0/1 0/1

* One fox each captured in Sapporo and Otofuke® were included.
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inoculated orally into gerbils for serial pas-
sage. Gerbils were kept in our laboratory un-
der the Guidelines for Animal Experiments of
the Graduate School of Veterinary Medicine
in Hokkaido University.

Host age determination
The ages of foxes captured in Otaru were
determined by counting the number of canine

1 Extracted canines were

cementum annuli
cut into 3 mm pieces using a microcutter
(Maruto, MC-201) and decalcified with Plank
-Rychro solution (8.5% hydrochloric acid, 7%
alumini chloridum and 5% formic acid in dis-
tilled water) for 48 hours. The canines were

then deacidified with 5% sodium sulfate for

24 hours and washed in tap water for 24 hours.

The decalcified canines were cut into 45 ym
pieces using a freezing microtome. Sections
were stained with Delafield’s hematoxylin,
mounted in Canada balsam and the number
of annuli were counted under a microscope.
The raccoon dogs captured in Otaru and
the foxes captured in Sapporo were divided
into juveniles (<1 year) and adults (=1 year)

by the dental formula method as previously
described®?’,

Worm preparation and DNA extraction

Since our preliminary examination dem-
onstrated that it was difficult to yield the PCR
amplicon from DNA obtained from dead lar-
vae after the artificial digestion of frozen
muscles, worms were collected directly from
muscles to avoid artificial digestion in this
study. The presence of Trichinella spp. mus-
cle cysts was confirmed by pressing Trich-
inella-infected muscles using Petri dishes.
Muscle larvae were then collected with for-
ceps and needles under a dissection micro-
scope. Collected larvae were individually pre-
served in Tris-EDTA buffer at —30C until
use. DNA was extracted from single larvae ac-

cording to the previously described method”.
Briefly, individual larvae were placed in a 200
wl tube containing 2 ul of 5mM Tris-HCl, over-
laid by mineral oil and heated at 90C for 10
minutes. To the tube was added 1 pl of prote-
inase K ( 1 ug/ul, Takara) and 2 ul of water, fol-
lowed by incubation at 37C for 2 hours. After
incubation, the tube was heated at 90C for 10
minutes to inactivate the enzyme and pre-
served at —307C until use.

Trichinella larvae from 28 infected ani-
mals were subjected to molecular identifica-
tion. Four individual larvae from each animal
were analyzed separately by Multiplex PCR
and DNA sequencing of the mitochondrial cy-
tochrome oxydase subunit I (COI) gene as de-
scribed previously®®.

Statistical analysis

Among the 254 foxes captured in Otaru in
2000, 2001 and 2004, 206 of predetermined sex
and age were analyzed for the risk factors of
Trichinella infection by logistic regression
model. Sex and age of host and the year of
capture were set as independent variables.
Statistical analyses were performed using
StatView® 5.0 (SAS Institute Inc. ).

The prevalence of Trichinella larvae in
adult foxes in Otaru and Sapporo was statisti-
cally analyzed by Fisher’s exact test using the
R software package version 2.0.1 (http : //
www.r-project.org/). These two cities are lo-
cated next to each other in Hokkaido. Foxes
in Sapporo were captured on a plain where
farms, houses and factories were scattered.
Foxes in Otaru were mainly captured on crop-
land at the foot of wooded hills.

P-values €0. 05 were considered statisti-
cally significant.

Results

A total of 44 foxes (infection rate =
13.8%), 6 raccoon dogs (7.8%) and 4 brown
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bears (3.2%) were found to be infected with
Trichinella spp. and all other animal species
examined were negative (Table1). Among
the 54 infected animals, 47 were found in
Otaru. Although no motile larvae were ob-
tained from frozen samples, motile larvae
were collected from non-frozen samples of
three red foxes captured in Sapporo, Shibetsu
and Otofuke, and two brown bears in Akabira.
Gerbils inoculated with motile larvae were
sacrificed a few months later and Trichinella
larvae were collected from the muscle by arti-
ficial digestion.

Among the 254 samples of foxes captured
in Otaru, 206 were of predetermined sex and
age. Of these 206 foxes, none of the 60 juve-
niles were infected with Trichinella larvae,
whereas 21.2% (31/146) of adult foxes were
infected. The logistic regression model show-
ed that age was the only significant variable
associated with the prevalence and preva-
lence increased along with host age (odds ra-
tio=2.006, 95% CI=1.501-2.681, p <0.001).

The prevalence of Trichinella infection in
adult foxes in Otaru (20.9%, 31/148) was sig-
nificantly higher than that in Sapporo (4.5%,
1/22) (Fisher’s exact test, p<0.05).

wpp M 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 2. Multiplex PCR products of Trichinella mus-
cle larvae from various animals in Hokkaido,
Japan. Lane 1:.7T. spiralis reference larva
(ISS 413), lane 2:T. nativa reference larva
(ISS 10), lane 3:Trichinella T9 reference
larva(ISS 408), lane 4.7 pseudospiralis ref-
erence larva (ISS 13), lane 5.7 nativa from
red fox (*), lane 6-12. Trichinella T9 from
fox, lane 13-14 . Trichinella T9 from raccoon
dog, lane 15-16 . Trichinella T9 from brown
bear, M . 100bp DNA ladder.

*The result of T. nativa was reported previ-
ously®.

On agarose gel electrophoresis of multi-
plex PCR amplicons, the muscle larvae de-
tected fromZ21foxes, 2 raccoon dogs and 4
brown bears showed two bands of 127 bp and
253 bp (Fig. 2,lanes6-16), a specific pattern
of the T britovi complex (T. britovi, Trichinella
T8 and Trichinella T9)™. The nucleotide se-
quence of part of the COI gene of larvae be-
longing to the T. britovi complex showed the
highest similarity to Trichinella T9. As re-
ported previously, the muscle larvae from a
fox in eastern Hokkaido identified as T. na-
tiva®, but all of the present muscle larvae de-
tected from 27 animals in western Hokkaido
were identified as Trichinella T9 (Fig.1).
Among these 27 Trichinella T9 muscle larvae
DNA sequences of 26 muscle larvae were
identical while the other sample showed a
single nucleotide difference. The former was
completely identical to previously reported se-
quences of Trichinella T9 (DQ 007898, AB
091477) isolated in mainland Japan.

Discussion

The present study demonstrated that Tri-
chinella infections were prevalent among
foxes, raccoon dogs and bears in Hokkaido
and Trichinella T9 distributed widely in the
western part of Hokkaido.

Until 1999 when a relatively high preva-
lence of Trichinella infection among the fox
population in Otaru city (11.6%, 5 out of 43
foxes) was reported”, the prevalence of 7Vi-
chinella infection in wild animals in Japan
was considered low”. The present work dem-
onstrated that the report in Otaru in1999*
was not a temporal phenomenon but a high
prevalence was maintained in foxes and rac-
coon dogs in Hokkaido. In studies carried out
about 20 years ago, Trichinella infections
were not detected among 198 foxes and 88
brown bears examined in Hokkaido®*'. The
previous researchers examined small portions
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(approximately 5 g) of masseter muscles that
were considered the common muscle site for
Trichinella detection based on the study of
pigs and rodents ; however, the site was later
shown not to be a preferable site for Tri-
chinella detection in carnivores”. Above men-
tioned defects of sampling in the previous
studies might cause the underestimation of
Trichinella infections in Hokkaido. The 198
foxes in the previous study were captured in
areas different from in the present study, only
the 3 foxes were captured in Otaru, in which
most of the foxes were investigated in this
study. The present result indicated that the
prevalence differed in each sampling area (Ta-

ble 1). Therefore, it is difficult to compare di-

rectly the present result with previous studies.

Statistical analysis by a logistic regres-
sion model showed that the prevalence of Tri-
chinella infection in foxes increased with host
age. Similar observations were reported in
polar bears and lynxes and were assumed to
be related with the increase of opportunities
for acquiring Trichinella infection, and long
survival of the larvae in the muscle®%.

The difference in the prevalence of Tri-
chinella infection among foxes in Otaru and
Sapporo is related to their food differences.
The foxes captured in Sapporc were nesting
in the anthropogenic structures, such as
farms, barns or houses, and were considered
to depend on more human products for their
food compared with the foxes captured in
Otaru, which were nesting near cropland”. In
the Otaru area, there are more wild animals
and animal cycles of Trichinella, such as fox-
fox, -raccoon dog, -bear, or-vole transmission
may maintain stably.

Besides foxes and raccoon dogs, four

brown bears were infected with Trichinella T9.

Before this study, only one case of Trichinella
sp. infection in brown bear had been reported
in Japan®™. So far, bear meat has been the ex-

clusive means of transmission for human tri-
chinellosis in Japan (excluding suspected or
imported cases). Recently, the cases of human
trichinellosis associated with non-pork prod-
ucts increased in the United States and dur-
ing 1997-2001, 51% of the cases were associ-
ated with bear meat'™. Although the ob-
served prevalence in brown bears was lower
than that of foxes, bear meat seemed to be a
more important source of human trichinello-
sis when considering Japanese dietary habits.
In Japan, hunters and their relatives tend to
eat bear meat®™®, but, as to the foxes, Japa-
nese do not have a traditional culture for eat-
ing fox meat, although the human trichinello-
sis caused by consumption of fox meat was re-
ported in Italy™
of brown bears may serve as a infectious

. In addition, the large mass

source of infection for large numbers of hu-
mans even if the actual prevalence of the dis-
ease is low. Game meats, such as bears and
deer which are possibly harboring the Tri- 4
chinella larvae must be cooked well, since the
freezing is not efficient to inactivate the 7. na-
tiva larvae, which was reported to survive at
— 18T for 4 years®.

Trichinella nematodes from 23 red foxes,
2 raccoon dogs and 4 brown bears in 5 locali-
ties in western Hokkaido were identified as
Trichinella T9, whereas the nematode from
the south-eastern part was identified as T. na-
tiva (Fig.1). The distribution pattern of Tri-
chinella spp. in the northern hemisphere is
known to be separated according to climate
zones” . Since the number of samples exam-
ined in this study was limited, it could not
show whether the distribution of T. nativa
and Trichinella T9 were separate or over-
lapped. Further survey, especially in eastern
districts would elucidate the distribution pat-
tern of Trichinella spp. in Hokkaido.
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