Echinococcosis/Hydatidosis

10.

Activities specifically related to the mandate
of OIE Reference Laboratories
Internationa! harmonisation and standardisation of methods for diagnostic testing or the
production and testing of vaccines

None.

Preparation and supply of international reference standards for diagnostic tests or vaccines

None.

Collection, analysis and dissemination of epizootiological data relevant to international disease
control

6.1 Deworming program in wild red foxes in surrounds of Otaru city (Hokkaido, Japan) — the originally
produced baits containing 50 mg praziquantel were distributed from May to November 2004. The
prevalences of E. multilocularis in definitive and intermediate hosts were monitored by the coproantigen
ELISA detection method, taeniid egg counting and post-mortem examination of red foxes.

6.2 Diagnostic service for the domestic dogs and cats has been provided with the cooperation of the Forum on
Environmental Animals (Center for Advanced Science and Technology, Hokkaido University), the Hokkaido
Small Animal Veterinary Association.

6.3 Research on the environmental contamination by E. multilocularis eggs ~ fox home range, movement of
individual foxes was monitored.

6.4 Experimental infection of domestic cats with protoscolices of E. multilocularis.

6.5 Survey on the prevalence of E. multilocularis in foxes in Koshimizu town, by faecal egg examination and
coproantigen detection. Epidemiologic survey was done after period of control measures against alveolar
echinococcosis in that area to check the rate of infection in red fox population.

Provision of consultant expertise to OIE or to OIE Member Countries

Professor M. Kamiya and Dr S. Ganzorig visited Kazakhstan and Kyrgystan to attend at the International
Symposium on echinococcosis in Central Asia and to provide consultant expertise.

Provision of scientific and technical training to personnel from other OIE Member Countries

In 2004, training on coproantigen and copro-DNA diagnostic methods was provided for veterinary personnel from
China.

Organisation of international scientific meetings on behalf of OIE or other international bodies

In October 2004, the joint Japan-Taiwan symposium entitled “Infectious diseases of Animals and Quarantine” was

organised in Sapporo (Japan) by Prof. M. Kamiya. In the symposium, the problems on eradication, diagnosis and
risks factors for alveolar echinococcosis in Japan have been discussed.

Participation in international scientific collaborative studies

The laboratory participate in international collaborative projects on the control of echinococcosis/hydatidosis with
Dr. 1. 1. Chai and Dr. J. Wei, National Hydatid Research Center in Urumgi (China), Prof. H. K. Ooi, National
Chung Hsing University in Taichung (ROC), Dr. C. Carmona, the Parasite Biology Unit, Institute of Hygiene
(Uruguay), Prof. B. Shaikenov, Institute of Zoology, Academy of Sciences (Kazakhstan), Prof. P. Giraudoux and
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Prof. D. A. Vuitton, Institute of Environmental Science and Technology, WHO Collaborating Center for
Prevention and Treatment of Human Echinococcosis, University of Franche-Comte (France) and Prof. B.
Gottstein, Institute of Parasitology, University of Bern (Switzerland). The projects have been supported by the

Japanese Ministry of Education, Science and Culture, and by the Ministry of Health, Labdur and Welfare
associated with HSF.

Publication and dissemination of information relevant to the work of OIE (including list of
scientific publications, internet publishing activities, presentations at international conferences)

Presentations at international conferences and meetings

Kamiya M., Nonaka N., Ganzorig S. & Oku Y. (2004). - Effective countermeasures against alveolar

echinococcosis in red fox population of Hokkaido, Japan. International Symposium “Echinococcosis in Central
Asia: Problems and solutions”, Cholpan-Ata, Kyrgystan.

Oku Y. (2004). - Echinococcosis: An attack on the source of transmission. Japan-Taiwan Symposium “Infectious
diseases of Animals and Quarantine”, Sapporo, Japan.

®  Scientific publications

Kamiya M., Nonaka N., Ganzorig S. & Oku Y. (2004). - Effective countermeasures against alveolar
echinococcosis in red fox population of Hokkaido, Japan. In: “Echinococcosis in Central Asia: Problems and
solutions”, Almaty-Zurich, Dauir, 273-288.

Kamiya M. (2004). — Echinococcus — invasion from nature. Pharma Medica, 22: 17-20. (In Japanese)

Kamiya M. (2004). — Prevalence of alveolar echinococcosisin Japan — Expectation for urgent remedy against its
source of infection. Koushueisei (Public Health), 68 (11): 874-877. (In Japanese)

Kamiya M. (2004). — Hydatid and alveolar echinococcosis. In: Parasitic zoonosis, VII: 401-404. (In Japanese)

Kamiya M. (2004). - Zoonosis with numerous host animals: Echinococcosis. Kusuri-no-chishiki, 55 (3): 13-16. (In
Japanese)

Kamiya M. (2004). — Travelling parasite: Present situation and tendency of echinococcosis. Labio, 21, 15: 23-27.
(In Japanese)

Kamiya M. (2004). — Echinococcosis. Chikusan-no-kenkyu, 58 (1); 161-166. (In Japanese)

Kamiya M., Ooi H.K. & Y. Oku (2004). — A new era after the Japan-Taiwan Symposium on “Infectious Diseases
of Animals and Quarantine”. Emerging Infectious Diseases, accepted.

Oku Y., & Kamiya M. (2004). — Parasitic zoonosis. In: “Veterinary Public Health”, Tokyo, Buneido Syuppan,
141-159. (In Japanese)

Oku Y., Malgor R., Benavidez U., Carmona C. & Kamiya H. (2004). — Control program against hydatidosis and
the decreased prevalence in Uruguay. International Congress Series, 1267: 98-104.

Oku Y., Nonaka N., Yagi K., & Kamiya M. (2004). — Canine echinococcosis. Japanese Journal of Veterinary
Parasztology, 3(1):17-19. (In Japanese)

Shimada M., Akao N., Ishiwata K., Oku Y., Okuzawa E., Takeuchi Ts., Nawa Y., Nishiyama T., Hara M.,
Hamada A. & Horio, M. (2004). — Parasite information systems that useful for clinicians. Japanese Journal of
Therapy, 86 (10): 09-034. (In Japanese)

Yokohata Y. & Kamiya M. (2004). - Analyses of regional environmental factors on the prevalence of

Echinococcus multilocularis in foxes in Hokkaido, Japan. Japanese Journal of Zoo Wildlife Medicine, 9 (2): 91-
96.
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Abstract

Echinococcus multilocularis is distributed all over Hokkaido, the northern island of Japan. The prevalence in foxes has been around 40% in the
last decade. Three trials of anthelmintic bait distribution have been conducted in Hokkaido to reduce the prevalence in foxes. In those trials, bait
distribution was done along roads in the study area using cars and/or around fox breeding dens by hand. Changes in the prevalence in foxes were
evaluated either by necropsy of captured foxes or by coproantigen and egg detection of faeces collected in field. All of the trials showed bait
distribution was effective for the reduction of the prevalence in foxes; however, it was also suggested that a frequent and continuous baiting
program is necessary for effective and stable control of the prevalence in foxes. As observed in some cities in Europe, urban foxes infected with
the parasite were also recognized in Sapporo. A survey of pet dogs showed that 0.4% of surveyed dogs were determined infected. In addition, a
dog which was transported from Hokkaido to the main island of Japan was found excreting E. multilocularis eggs. The results raised the public
recognition of canine infections, which in turn lead to the modification of a Japanese law for infectious diseases and to the enforcement of a

national reporting system of dogs infected with E. muitilocularis by veterinarians.

© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Echinococcus multilocularis; Foxes; Dogs; Control; Bait distribution; Japan

1. Introduction

High prevalence in foxes with Echinococcus multilocularis
infection is now recognized in Hokkaido (78,500 km?,
5,660,000 inhabitants), Japan. To monitor the change of
prevalence, the Hokkaido government has performed necropsy
surveys of foxes captured in winter at various sites, showing an
overall prevalence of 19.1% in 23,852 foxes surveyed during
1966-2003. However, since the mid-1980s, the prevalence in
foxes has tended to increase and has been around 40% in the
last decade. Our recent necropsy surveys conducted at the
suburbs of the city of Sapporo showed similar high prevalences
in foxes [1,2]. In those surveys, 6 raccoon dogs (Procyonoides
necteuretes) 1 live raccoon dog was found excreting taeniid
eggs should be intact taeniid eggs were found in the rectal
faeces in one of the raccoon dogs.

Infections in domestic dogs were also found in Hokkaido.
According to the necropsy survey conducted by Hokkaido

* Corresponding author. Tel./fax: +81 11 706 5196.
E-mail address: nnonaka@vetmed.hokudai.ac.jp (N. Nonaka).

1383-5769/% - see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.parint.2005.11.039

government, 99 dogs (1.0%) were found infected out of 9,907
dogs during the period 1966—2003. However, most of the dogs
were examined before 1990 and only <15 dogs on average per
year were examined over the last decade. Therefore, the data
did not provide up-to-date infection status for dogs in
Hokkaido.

Accordingly, effective counter-measures against high prev-
alence in foxes and precise evaluation of infection status of pet
dogs are necessary in Hokkaido. In this paper, recent trials and
their achievements toward the control of the infection in foxes
and pet dogs in Hokkaido are reviewed.

2. Baiting against E. multilocularis in foxes

The first deworming trial against E. multilocularis infection
in foxes was conducted in Germany in a study area of 566 km?
[3]. Baits containing 50 mg of praziquantel were repeatedly
distributed in the study area. The deworming effect was most
pronounced in the central part of the baiting area; however, the
reduction of the prevalence was moderate in marginal areas. In
that campaign, high hunting pressure for foxes (2.2 foxes/km?)
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for the prevalence evaluation created free niches in the baiting
area to which foxes residing outside the baiting area migrated.
The observed higher prevalence in the marginal part was,
therefore, due to the effect of those migrating foxes. This
deworming trial showed that a bait distribution is effective for
reducing the prevalence in foxes; however, it also suggested
that the scale of operation must be large enough to have the
core area covered, in order to evaluate a true effect of bait
distribution if the prevalence in foxes is evaluated by necropsy.

Use of coproantigen detection techniques in field studies
enables surveys with minimal disturbance in the local ecology
because the prevalence in foxes could be estimated from faeces
[4~6]. In our laboratory, a monoclonal antibody (EmAS9) based
sandwich ELISA was developed for coproantigen detection [7].
Using this method, a deworming trial was conducted in
Koshimizu [8]. After a preliminary survey of the prevalence
in foxes from 1997 to 1998 [9], the study area (200 km?®) was
divided into two parts (Fig. 1), one (occupied by 18 fox
families) with bait distribution and the other (20 fox families)
without bait distribution. Baits containing 25 to 50 mg of
praziquantel were repeatedly distributed around each fox
breeding den. The changes of the prevalence in foxes were
evaluated by the coproantigen and fecal egg examination of
field collected fox faeces. It was observed that egg containing
faeces was rapidly reduced in the bait distributed area. In
contrast, coproantigen positive faeces was not dramatically
reduced in the first year, indicating that foxes were readily re-
infected by ingesting the intermediate hosts, which had been
infected before the bait distribution. However, obvious
reduction in the number of coproantigen positive faeces was
recognized from the second year probably due to the decrease
of infected rodents. The results suggested that longer-term

Otaru

Hokkaido

strategic bait distribution would be required for the efficient
control of Echinococcus infection in foxes.

Based on these results, a new deworming program was
conducted in 2001 to 2002 for covering the whole study area in
Koshimizu. In the program, baits were distributed along roads
in the town (20 baits/km) or at the cross sections of roads and
wind-shielding forests (20 baits/km?). This 2-year bait distri-
bution resulted in the successful reduction of environmental
egg contamination. However, the proportion of egg containing
faeces has been gradually increasing after completion of the
campaign.

In the evaluation of prevalence in foxes using faeces
collected in field, identification of fox faeces were critically
important. Most of the stulies have been conducted with
ambiguous identification of the origins of faeces, which was
based on the size, shape, color and odor of the faeces.
Accordingly, none of the criteria alone or combinations could
perfectly distinguish fox faeces from other camivore faeces.
Therefore, the survey results were always accompanied with a
certain level of bias. Recent advancement of molecular
techniques have enabled the identification of the origin of
faeces from fecal DNA, which is derived from sloughed
intestinal mucosal cells excreted with faeces [10]. In our
laboratory, a multiplex PCR system for the identification of
camivore animals should be for the identification of foxes and
other camivore animals in Hokkaido (raccoons, raccoon dogs,
weasels, dogs and cats), which excrete faeces resembling fox
faeces has now been developed and applied to field study. With
this kind of technique, it will be feasible to evaluate more
precisely the prevalence in individual carnivore species.

Another approach for evaluation of baiting has been
conducted since 2001 in Otaru. In this trial, tetracycline (TC)

Koshimizu

Nemuro

. Bait distributed area

3 Bait non-distributed area

Fig. 1. Places where anthelmintic bait distribution trials were conducted in Hokkaido.
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was put into the anthelmintic baits as a biomarker so that
consumption of the baits by foxes could be detected by the
examination of the TC line in the canine teeth. The baits were
distributed along roads in the study area (120 km?, 20 baits/km)
(Fig. 1). The prevalence in foxes was evaluated by the
necropsy of the animals captured by local hunters. Majority
of the foxes having a TC line on teeth did not harbor the
parasites, indicating foxes consuming the baits were effectively
dewormed. Detailed report of this study is now being prepared.

In Nemuro, another baiting trial has also been conducted by
Hokkaido Institute of Public Health since 1999 to 2004 [11].
The study area has a geographical advantage for the trial
because the bait distributed area (135 km?) is a protruding
peninsula with a lake almost crossing its base part so that
animal movement to and from the bait distributed area is
restricted to minimum (Fig. 1). In this trial, single to multiple
bait distributions along roads (15 baits/km?) and around fox
breeding dens were conducted annually and the prevalence of
foxes were evaluated by necropsy. According to the prelimi-
nary data up to March 2002, a tendency of the reduction in the
prevalence in foxes was observed in the bait distributed area.

The bait distribution trials in Hokkaido seemed to be
effective for reduction of E. multilocularis prevalence in foxes.
In Koshimizu, bait distribution has started again in 2004 and a
new campaign is also planned in Kucchan, both of which are
conducted by local residents with support by our laboratory
and Forum of Environmental Animals. Although the scales of
the campaigns are small (local town base), participation of
local residents in the control measure against E. multilocularis
infection in foxes is a new movement in the control strategy.
There are many hurdles to clear, however, we hope this
movement will be a driving force to a large scale control
program in near future.

3. A possible urban cycle in Sapporo

There are increasing observations that foxes inhabit urban
areas [12]. Infected foxes with E. multilocularis have been
reported in several European cities and a risk of urban residents
to get the infection has been increasing. An active urban cycle
of the parasite was recognized in Zurich where counter-
measures against the infected foxes were conducted {6].

In Sapporo, coproantigen positive fox faeces were found in
the parks or woodlands of the urban area where foxes had their
dens [13]. Infected foxes with E. multilocularis were found by
necropsy in four out of six fox families inhabiting in
northeastern region of Sapporo (unpublished data). In those
studies, arvicolid rodents were captured at the urban fringe,
although none were infected with E. multilocularis, arvicolid
rodents were captured at the urban fringe. Those studies
suggested that the urban fringe offers a potential condition for
the maintenance of E. multilocularis life cycle.

For preparing a future bait distribution in Sapporo, bait

uptake by foxes in Sapporo were evaluated by a photo-trap
system [14]. Foxes were photo-trapped at seven out of eight
baiting sites where foxes were previously observed by local
residents or where the inhabitance of foxes could be suspected

Table 1
Criteria for diagnosis in the national reporting system for dogs infected with E.
multilocularis

(1) Finding the parasite body, which can be morphologically identified

(2) Detecting the parasite DNA from eggs or a part of the parasite body

(3) Detecting the parasite coproantigen, which should turn to be negative due
to deworming treatment

from the local environment. The result suggested that, by
collecting local information (witness) of foxes, bait distribution
to foxes could be efficiently conducted in the urban area of
Sapporo.

4. Infections in pet animals and enforcement of national
reporting system of infected dogs

In central Europe, domestic dogs were infected with E.
multilocularis with prevalence between 0.3% and 7% in
endemic regions [12]. It was estimated that more than 10%
of dogs would be infected at least once in their life even in the
low prevalent regions [15]. In some endemic areas such as in
Gansu, China and in St. Lawrence Island, USA, dogs play
important roles both in the maintenance and in the transmission
of echinococcosis to humans [12].

In Hokkaido, little studies have been done on the recent
prevalence of pet dogs (number of registered dogs in 2003 was
248,149). In our laboratory, a survey of pet dogs has been
conducted since 1997 using a diagnostic system composed of
coproantigen, faecal egg and faecal egg DNA examinations.
The detailed survey report is now prepared for publication, but
briefly, up to June in 2004, 15 (0.4%) dogs were determined
infected, among which 8 dogs were confirmed excreting F.
multilocularis eggs by PCR. In addition, a dog which was
transported from Hokkaido to the main island of Japan
(Honshu) was found excreting E. multilocularis eggs.

The survey result raised the public recognition of canine
infections, which in turn lead to the modification of a Japanese
law for infectious diseases and a national reporting system of
dogs infected with E. multilocularis by veterinarians has been
enforced from October in 2004 to monitor the occwrrence of the
canine infections by the country base (Table 1).

Finding of an infected dog which moved from Hokkaido to
the main island of Japan raised attention for the risk of animal
movement in disease introduction to non-endemic areas. The
issue was emphasized in Europe [12] and some countries such
as UK and Norway have actually enforced some regulations for
transporting animals to prevent introduction or spreading of the
disease. In near future, if the prevalence in foxes in Hokkaido
will continue to be high, establishment of similar regulation
may be necessary in Japan.

5. Conclusion

As represented by the appearance of urban foxes, human—
fox contacts have been frequently observed in the human living
environment. Accordingly, infection pressures to pet animals
are increasing. Considering the high prevalence in foxes and
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potential risk for pet animal infections with E. multilocularis,
management of the disease in wildlife and pet animals is now
ultimately required. At present, a large-scale efficient control
measure for wildlife has not been completely established.
Nevertheless, risk control by individuals with baiting foxes
coming in contact to each individual or with proper manage-
ment of their pet animals could be immediately started. Such an
effort for the disease control with individual or small scale
applications would reduce the local risk of echinococcosis and
moreover lead to a regional and national program for the risk
control of alveolar echinococcosis.
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Summary

An epidemiological survey of 1688 free-ranging raccoons
(Procyon lotor) captured on the Japanese main islands of
Hokkaido, Honshu and Kyushu was undertaken to determi-
ne whether Baylisascaris procyonis, which provokes fatal
neurological larva migrans was present; however, the
worm was not detected in any of these individuals. A hel-
minthological investigation was carried out on 229 of the
captured raccoons and the following worms obtained: To-
xocara tanuki, Porrocaecum sp., Molineus legerae, Ancy-
lostoma kushimaense, Aonchotheca putorii, Centrorhyn-

chus sp., Centrorhynchus bazaleticus, C. elongatum, Pla-

giorhynchidae gen sp., Hemiechinosoma sp., Metagonimus
takahashii, M. miyatai, Euparyphium sp., Plagiorchis mu-
ris, Brachylaima sp., and Taenia hydatigena. These were
the first records of Porrocaecum sp., M. miyatai, Brachy-
laima sp. and T. hydatigena obtained from Japanese feral
raccoons. Scanning electron microscopic and/or molecular
analyses were performed for both T. tanuki and T. hydati-
gena as these helminths both have a zoonotic counterpart
amongst their families.

Key words: parasitic helminths; Procyon lotor; Japan
Introduction

Feral raccoons (Procyon lotor) are an invasive alien spe-
cies in Japan and present a risk for parasitic helminth di-
sease outbreaks. One of the most severe pathogenic agents
provoked by the raccoons is the fatal neurological larva
migrans caused by Baylisascaris procyonis (Nematoda:
Ascarididae) (Kazacos, 2001). As raccoons have spread
throughout Japan, a large scaled epidemiological investi-
gation of natural helminth infection is extremely important.
Initially, a screening survey that involved a naked-eye exa-
mination to determine the presence/or absence of this
worm was undertaken in 1688 captured individuals. Se-
cond, 229 of these raccoons underwent a detailed helminth

examination to detect minute zoonotic helminths such as
genera Strongyloides (Nematoda: Strongyloidae) and Echi-
nococcus (Cestoda: Taeniidae).

Materials and Methods

Naked-eye examination for detection of Baylisascaris pro-
cyonis

The Hokkaido Government authorized the capture of 1688
raccoons for research purposes in the Ishikari, Sorachi and
Hidaka Districts (from 43°20' N to 42°30' N and from
141°15" E to 142°10" E) between April 1999 and Septem-
ber 2005 (Fig.1). The raccoons were transported to the
Wild Animal Medical Center (WAMC) at Rakuno Gakuen
University (RGU) where they were euthanized. Their bo-
dies were measured and maturity determined by the mor-
phological characteristics of their skulls and canines (Grau
et al., 1970). Both speciemens from the raccoons collected
in Hokkaido were registered and preserved as voucher
specimens in the WAMC (RGU), Japan (Matoba et al.,
2006).

Entire intestinal tracts were removed from all 1688 rac-
coons and either stored at -20°C or fixed in 70 % ethanol
prior to helminthological examination. Among the tracts,
small intestines were examined by naked-eye for the pre-
sence/or absence of B. procyonis.

Precise helminth examination of gastro-intestines

The intestinal contents of 171 raccoons captured in Noppo-
ro Forest Park (NFP), Ishikari District, and immediately
adjacent areas of the park (43°03' N, 141°21' E) , Hokkai-
do Island, 27 captured in Karuizawa (36°25' N, 138°38' E),
Nagano Pref., Honshu Island, 13 captured in Kobe (34°35'
N, 135°13" E), Hyogo Pref., Honshu Island, and 18 captu-
red in Sasebo (33°01' N, 129°44' E), Nagasaki Pref., Kyu-
shu Island (Fig. 1) were examined with a dissecting micro-
scope to detect minute helminths such as genera Strongy-

139

—213—



loides and Echinococcus that are less than ca. 3 mm in
size. The raccoons collected from NFP were chosen as re-
presenting those from the north of Japan for this analysis
as the park is located in Sapporo -the population of Sappo-
ro is about 1,850,000 and is the capital city of Hokkaido-
and is an area of natural woods that is a favored ecotourism
area on Hokkaido.

Collection of intestinal samples was performed at the
WAMC. Once collected, the helminths were placed in lac-
to-phenol solution and examined morphologically. A ca-
mera lucida (OLYMPUS Model BH2-DA) was used to
measure the helminths and then voucher specimens were
stored at the WAMC (RGU), Japan (Matoba et al., 2006).
To achieve positive identification of male ascarid speci-
mens, especially Toxocara or Baylisascaris, the key mor-
phological characteristics of the cloacal region were obser-
ved. A scanning electron microscope (SEM) was also used
for positive identification of this genera. Some ascarids
were prepared using standard procedures (see Wiger ef al.,
1978) and observations were made using a JEOL JSM-SI
electron microscope. Important morphological character-
ristics of the perianal region of these ascarids were docu-
mented photographically.

Molecular examination

Positively identified toxocarids and taeniids were used for
molecular biological examination. Total DNA was isolated
using an Easy-DNATM isolation kit (Invitrogen) with so-
me modification of the manufacturer's instructions. The
partial mitochondorial 12S rRNA gene was amplified by
PCR from the genomic DNA using the oligonucleotide
primers P60F: S-TTAAGATATATGTGGTACAGGATT
AGATACCC-3' and P375R: 5-AACCGAGGGTGACGG
GCGGTGTGTACC-3' as reported by Dinkel et al. (1998).
This primer set was designed for the detection of DNA of
Echinococcus multilocularis and related tapeworms.

For the detection of DNA from genera Toxocara, Toxos-
caris and Baylisascaris, the primers LC1F:5’-CGAGTAT
CGATGAAGAACGCAGC-3’ and HC2R: 5-ATATGC
TTAAGTTCAGCGGG-3" were used (Yagi ef al., 1999).
The PCR reaction (50 ul) was performed for 45 cycles,
each cycle consisted of denaturation for 1 min at 92°C,
annealing for 1 min at 52°C and elongation for 1 min at
72°C. 1.25 units of AmpliTaq GoldTM (Perkin Elmer Co)
were used for Taq Polymerase in each reaction. The PCR
products were electrophoresed in 1.5 % agarose gel. The
DNA fragment was then extracted from the agarose gel,
purified using glass beads and sequenced for both DNA
strands using a dye-termination kit and model 377, DNA
sequencer (Perkin Elmer Co). The nucleotide sequence
obtained was aligned with the sequences of the five or six
known species of ascaroid nematode reported by Jacobs et
al. (1997), Zhu et al. (1998) and Yagi et al. (1999).

Results and Discussion

1. Naked-eye detection of Baylisascaris procyonis
The raccoon roundworm (B. procyonis) was not isolated
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from the gastrointestinal contents of the 1688 individuals
collected in the present survey. This worm was also not
found in studies done by Miyashita (1992) and Sato and
Suzuki (2006) who investigated 25 individuals captured in
Osaka Pref. and 531 free-ranging raccoons captured in Wa-
kayama Pref., Honshu Island, respectively. Thus, no rac-
coon roundworms have been found in the 2244 free-rang-
ing raccoons examined to date. However, the prevalence of
roundworms in captive raccoons in Japanese zoos is very
high, and outbreak of the fatal neurological larva migrans
caused by roundworms in captive mammals has occurred
in zoos {Miyashita, 1993; Furuoka et al., 2003; Sato ef al.,
2002, 2003, 2005b). It is not uncommon for taxa parasites
to occur in free ranging raccoons in Japan: 7. fanuki and
Porrocaecum sp. were obtained in the present survey and
Contracaecum rudolphii (syn. C. spiculigerum) was obtai-
ned from 5 individuals in a study performed by Sato and
Suzuki (2006).
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Fig.1. Geographic distribution of feral raccoons examined in the
present study

2. Positive identification of toxocarid and taeniid speci-
mens

Although B. procyonis was not found in the present survey,
two ascarid nematodes and an immature taenid were detec-
ted in the small intestine of free-ranging raccoons captured
in NFP. As the Ascariidae and Taeniidae families are in-
cluded in the classification of severe zoonotic helminths,
their presence was considered as a positive identification.

Ascarid specimens

One of the ascarids obtained was a mature male: body 33.7
mm in length, 0.8 mm in width; anterior extremity of the
body lacked interlabia; oesophagus 3.2 mm in length with
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Fig.2. SEM micrograph of Toxocara tanuki from a feral raccoon
collected in Hokkaido, Japan

cimen with five or six species of ascarid (Figs 3 — 4), this
ascarid was completely identical in sequence to 7. tanuki
obtained from a raccoon dog (Nyctereutes procyonoides)
captured in the Miyazaki Pref. and also a raccoon captured
in Sapporo (Yagi ef al., 1999).

The other ascarid specimens were in larval form, the pre-
sence of intestinal cecum meant that they were identical to
the genus Porrocaecum. However, DNA extraction from
these larvae was unsuccessful.

Ascarid nematodes from free-ranging raccoons in Japan
have been reported; for example, Sato and Suzuki (2006)
reported Contracaecum rudolphi (syn. C. spiculigerum)
from 5 individuals. However, a method for the positive
identification of ascarids should be established to support
future epidemiological surveys.

Taeniid specimen

This specimen consisted of a scolex and several immature
segments but was without genital organs: strobila approxi-
mately 4.2 mm in length and 1.2 mm in width; scolex with
four suckers, 0.26 mm in diameter and rostellum 0.038 mm
in diameter (Fig. 5), two rows of large and small hooks on
the rostellum (Fig. 5), the large hooks 15 in number, 0.2 —~
0.22 mm in length, and the small ones 15 in number, 0.14

ascaroid nematods from raccoon GCAGACACAT TGAGCACTAA AATTTCGAAC GCACATTGCG CCATCGGGTT 50
Toxocara canis = ; ot ok SelmRRRRRR  FiokknseCioer 50
T cati C % % Ck 50
Toxascaris leonine skokadesk kool A CHxx 50
Baylisasceris procyonis A Casxx 50
B transfuga KA T 59
Foxocsra tanuki s ks sfcRgRRRRRR 50
ascaroid nematode from raccoon CATTCCCGTT GGCACGTCTG GCTGAGGGTC AGA &3
Foxocara canis ¥ *% kgckds H%T 83
T. catf % gekok 83
Toxasczris leonine T GA% 83
Bayliszsceris procyonis T GA® 83
B, trensfuge B T GA* 83
Toxocarz tanuki Lt &3

Fig. 3. Alignment of the partial 5.8 rDNA sequences of an ascaroid nematode collected from a raccoon and 6 known species of ascaroid
nematodes
The nucleotide sequences of Toxocara canis, T. cati, Toxascaris lenonina and Baylisascaris procyonis are quoted from Zhu et al. (1998) and B.
transfuga and Toxocara tanuki are quoted from Yagi et al. (1999). The ascaroid nematodes from the raccoon, Toxocara tanuki are determined in
this study. Asterisks () indicate sequence similarity with the raccoon ascaroid nematode. The nucleotide sequence of the ascaroid nematode has
been deposited in the DDBJ/EMBL/Genbank nucleotide sequence databases with the accession number AB245964.

ventriculus, but lacked appendices or intestinal caecum in
its base; spicules over 2.3 mm in length and lacked tips;
cloacal region without a rough area (Fig. 2). Although this
species appeared to be identical to Toxocara tanuki, we
performed molecular analysis on this specimen. According
to an alignment of the nucleotide sequences of the partial
5.8SrDNA gene and ITS-2 rDNA from the present spe-

- 0.16 mm in length, respectively. Measurements and mor-
phological characteristics of the scorex of the present spe-
cimen were almost the same as those recorded for Taenia
hydatigena (Abuladze, 1964). Although DNA extraction
from this sample was unsuccessful and therefore, this
sample could not be molecular biologically identified, the
present species was identified as T. hydatigena.
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Fig. 4. Alignment of the ITS-2 rDNA sequences of an ascaroid nematode collected from a raccoon and 5 known species of ascaroid nematodes
The nucleotide sequences of Toxocara canis, T. cati and Toxascaris lenonina are quoted from Jacobs et al. (1997) and Baylisascaris transfuga and
Toxocara tanuki are quoted from Yagi et al. (1999). The raccoon ascaroid nematodes, Toxocara tanuki are determined in this study. Asterisks (+)
indicate alignment of bases that are common to the raccoon ascaroid nematode and the 5 other ascaroid nematode species. The nucleotide
sequence of the ascaroid nematode collected from a raccoon has been deposited in the DDBJ/EMBL/Genbank nucleotide sequence databases with
the accession number AB245965

This is first report of this taeniid species collected from a
raccoon in the world; however, Matoba et al. (2003) re-
ported Taenia taeniaeformis from a free-ranging raccoon
in NFP in 2001. The Taeniidae family includes the zoono-
tic pathogens Echinococcus spp. and Taenia spp. (Abula-
dze, 1964); hence, making this report important.

3. Other helminths obtained from free-ranging raccoons
Another 9 helminth species were collected from Hokkaido
include: namely, 3 nematode species, Molineus legerae
(Molineidae), Ancylostoma kushimaense (Ancylostomidae)
and Aonchotheca putorii (Capilariidae); 1 acanthocephalan
species, Centrorhynchus sp. (Centrorhynchiidae); 5 trema-
tode species, Metagonimus takahashii (Metagonimidae),
Fig. 5. Scolex of Taenia hydatigena obtained from a raccoon in M. miyatai, Euparyphium sp. (Echinostomidae), Plagior-
Hokkaido chis muris (Plagiorchiidae) and Brachylaima sp. (Brachy-
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laimiidae) (Tab. 1). T. tanuki, Euparyphium sp. and M. ta-
kahashii have previously been reported by Asakawa et al.
(2000), however, our study is the first report of the other
helminth species in Hokkaido, and the first report of Poro-
caecum sp., M. miyatai, Brachylaima sp. and T. hydatigena
in Japanese feral raccoons.

The following helminths were collected from raccoons
from Honshu and Kyushu: Molineus sp., Metagonimus ta-
kahashii, Echinostomidae gen. sp., Centrorhynchus baza-
leticus, C. elongatum, Plagiorhynchidae gen sp, and He-
miechinosoma sp. (Tab. 2). Although Sato et al. (2005a)
reported 6 acanthocephalan species that principally infest
avian species in Wakayama Pref., Honshu Island, they did
not find Hemiechinosoma sp.. The genus Hemiechinosoma
that was collected from the present study is also a typical
avian acanthocephalan species (Ryzhikov er al, 1985).
Previous reports of parasitic helminths collected from feral
raccoons captured in Wakayama Pref. have shown that
Strongyloides procyonis and Physaloptera sp. are promi-
nent (Sato & Suzuki, 2006). As S. procyonis is a zoonotic
nematode (Little, 1965), it was important to examine our
specimens for the presence of this nematode; however, our
findings were negative.
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