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Effective countermeasures against alveolar echinococcosis in
red fox population of Hokkaido, Japan

'MASAO KAMIYA, NARIAKI NONAKA, GANZORIG SUMIYA &

*YUZABURO OKU

!Faculty of Environment Systems, Rakuno-Gakuen University, Hokkaido, Japan OIE Ref. Lab. for
echinococcosis.

*Laboratory of Parasitology, Department of Disease Control, Graduate School of Veterinary
Medicine, Hokkaido University.

ABSTRACT

One of the most serious parasitic zoonosis, alveolar echinococcosis, is mainly maintained on
the life-cycle between red foxes and voles. The human disease is caused by ingestion of the egg
of a taeniid cestode, Echinococcus multilocularis, which is found throughout the northern
hemisphere. In Japan early human cases were reported from Sendai in mainland Honsyu in
1926 and at Rebun Island Hokkaido in 1937. During the following 3 decades, occurrence of
the disease was restricted to Rebun Island. However, in 1966, a case was reported in the eastern
region of the main island of Hokkaido. Thereafter, the parasite has gradually been expanding
its distribution and presently E. multilocularis is found all over Hokkaido Island. In the last
decade, the prevalence of the parasite in foxes has dramatically increased in Hokkaido (64% in
Sapporo, 2003). Since humans become infected accidentally by ingesting the parasite eggs
excreted in fox faeces, effective countermeasures against highly infected foxes are now urgently
required. Our group at Hokkaido University has developecl adiagnostic method for the definitive
hosts. The method detects the parasite antigen in the fox faeces (coproantigen). This means
that it is not necessary to autopsy the animal for diagnosis. In 1998, a deworming programme
to manage echinococcosis in foxes was initiated in a pilot area (200 km?) facing the Sea of
Okhotsk in Hokkaido. Fish sausage baits containing the anthelmintic praziquantel, were
distributed to feed foxes. Using the coproantigen detection and faecal taeniid egg examination
“ methods, it was observed that the number of fox faeces containing the Echinococcus eggs was
rapidly reduced in the bait distributed area. In contrast, coproantigen positive faeces did not
show significant reduction in the first year, indicating that foxes were readily re-infected by
ingesting the intermediate hosts, voles, which had been infected before the operation. However,
pronounced reduction in the number of coproantigen positive faeces were recognized from the
second year, even though frequency of bait distribution was reduced. The results suggested
that longer term and broader strategic bait distribution would be effective for the control of
Echinococcus infection all over Hokkaido Island covering 78,000 km?. This paper will focus
mainly on the control measures against aIveolar echinococcosis in the red fox population of
Hokkaido, J apan
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JddexTHBHBIC KOHTPMEPHI NPOTHB AJILBEOJISPHOTO
IXHHOKOKKO032a B MOMYJSAIUIAX KPACHOH JHChI B XOKKaino,
Anonns

'MACAO KAMIS, ‘HAPHAKH HOHAKA, “TAH30OPUI' CYMUA,
2IY3ABYPO OKY

'Paxynomem Cucmem Oxpyocaroweii cpedul, Yuusepcumema Iaxyno-Iaxyen, Xoxxatido, Anonus OIE,
Jlabopamopus npozHO3a N0 IXUHOKOKKO3Y,

2Mabopamopua Ilapazumonozuu, Omden Konmpona 6onesnu, Buicwas Illxona Bemepunapuu,
Yuusepcumema Xoxxaiido.

PE3IOME

OnHH M3 CaMBIX CEPHE3HBIX NaPa3HTAPHEIX 300HO30B - a‘)meompm:ﬁ 3XHHOKOKKO3, INIaBHEIM
00pa3soM LIMPKYIHPYET MEXNY KPACHBIMH JIMCAMH K NOJEBKAaMH. 3apaKeHHe mofci 3Toi
- GONe3HBI BO3HMKAET IIPH NONANAHWK B pOT fAiina necromsl Echinococcus multilocularis,
KOTOpBI HalffeH BCIONY B CeBEepHOM Nomymapmi. B SoxuMy 0 paHHNX crytuasx 3a6onepanns
n3pecTHel n3 Cennan B MaTepHKe, B3 ocTpoBoB XoHcy B PeryH B 1926 . m Xoxkxatino B 19371
B Teuenme MOCHEXYIONIHX TPEX AeCATHIETHH, BOIHHKHOBeHHE Gonesny ObUIO OrpaHHUEHO
oc.Pepyn. Omnaxo, B 1966 1., 0 cnyuae obHapyxeHus Oone3Hu coodmmutn u3 Xokkaino,
TIABHOTO OCTPOBa BOCTOYHOM 0bnactu. Ilocme 3TOr0, MapasuT MOCTENEHHO PACIIMPHI CBOES
pacrpocTpanenne, u Teneps E. multilocularis natineH Ha BceM IMPOTSDKEHHU OCTpoBa XOKKaio.
B npomiemuiee RecATHNETHE, PaclpOCTPRHEHHOCTS Mapasura y JHc B Xoxkaino (64 % B
Carmopo, 2003 r.) xpaMaTHIHO YBeNIHIINACh. TaK KaKk 9el0BEK 3apadkaeTcs CIIy9aiHo, moras
SIIA NaPA3HT4, BBUICTEHHEIX ¢ MCTIPAKHEHIIMHA JIHC, 3 HEeKTHEHEIE KOHTPMEPH IIPOTHE CHITEHO
3apaKEHHBIX JIHC Teneph Tpedyer OesoTnararensuoro neficrsua. Hama rpyrma B YauBepcHTere
Xokkaiino pazpaboTan ZHArROCTHYECKHH METOR V11 YCTAHOBIECHHA HHBA3HH Y OKOHYATEIBHEIX
X03geB. MeTon ocHOBAaH Ha OOHapyXeHHH aHTUI€HA Apa3HTa B MCHPaXHEHUAX JIHC
(KOIIPOAHTHTEH). 3TO 03HAYAET, YTO HET HEOGXOMUMOCTH IPOBEIEHHS BCKPEITHS JKHBOTHEIX
JUI BEIABJIEHMS MX 3apakeHocTH. B 1998 1., kammanms no gerensMHHTH3AIMHE B 10 Gopebe ¢
SXHMHOKOKKO30M JHc OBUTa HagaTa HA 3KCIepUMEHTATLHON TeppuTopun (200 km?) y 6epera
Oxorckoro mops B Xokxalimo. IlpuMaHkH, pHOHBIe Konbace, codepxamue
JereTEMEHTH3HPYIOIIEE CPEACTBO - IPa3HKBaHTeN, O51mM pa3bpocans!, IT00b! MOKOPMUTS JIHC.
Hcnone3ya KOMpOaHTHIEH, OOHAPYKEHHHIE B (EKANHIX ¥ OIpPEAeIeHHEM AUl TeHUnT, 65110
BBIMBJICHO, 9TO YHUCIO JIMC, HCIPAKHEHUT KOTOPBIX comepxany s Echinococcus OBICTpo
CHH3HMIIOCH Ha OIBITHOM IIOIIamH, Fie G5UTH pasGpocals! npuMaHKH. HanpoTHs, KOPOAHTHTEH
HOIOKUTENBHEIE (PeKaIy He TIOKA3BIBal CyIeCTBEHHOE COKpallleHHe HHBa3HH Ha [IEPBOM IOy,
YKa3bIBad, 9TO JIMCE IIOBTOPHO YACTO 3aPaXaTHCh, OEAas POMEIKYTOUHEIX X034€B, TIONEBOK,
KOTOpBIE OBUTH MHBa3HpPOBaHB! Nepel HadaloM Hammx pabor. OmHako, SBHOE COKpAaLICHHE
yHCTa KOMPOAHTHIEH NOJKHUTENBHBIX bexamiil GbUTH OTMEUEHE! cO BTOPOTO Iofa, JaXe HpH
TOM, YTO YAcTOTa paclpelefleHHs NPUMaHKK OBlIa HeCKONBKO yMeHbIGeHA. Pe3ynprarsl
TO3BONHIH NPENIIONOKUTh, 9TO NPOAMDKHTENbHOE 1 0Nee MHPOKOE CTPATErHIeckoe
PACHIPOCTPAHEHHE MPHMAHKH 06110 61 3G GEKTHBHEIM JI719 KOHTPOIL MHEXIIMH ATIbBEOAIPHOTO
SXMHOKOKKO3a Ha BCEH TEpPHTOPHH OcTpoBa Xokkaiino, sakpemaromero 78,000 xM?. Jtor
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IOKJIaH OCHOBAH ITABHEIM 00pa30M Ha MepaxX KOHTPOJIA IIPOTHB AJIHBEONIHPHONO SXHHOKOKKO32
CpeIH NONMYNAUHH KpacHOH IHcH XoKkaimo B Anonun.

INTRODUCTION

In the mid 1990s, WHO declared that we are now being confronted by the risk/crisis of
infectious disease spreading on a global scale and no country is safe from that threat. This
warning became a reality with the recent appearance of SARS (Severe Acute Respiratory
Syndrome). However, echinococcosis has been overlooked because it is a chronic infectious
disease, Nevertheless, echinococcosis needs similar challenges to SARS in that it requires a
global outlook in risk management toward its control.

In Japan, when pigs in Aomori prefecture in Honshu, on the mainland of Japan were
found infected with the larvae of Echinococcus multilocularis in 1999, the possibility that the
parasite had spread to that area and established itself in Honshu was widely discussed. In
addition, a dog that was kept indoors in Sapporo, Hokkaido, was found to be positive (copro-
antigen +egg) for E. multilocularis infection in December 2002. Moreover a report issued by
our group in the fiscal year of 2003 stated as positive 3 cases (copro-antigen +egg) of 1,139
dogs in Hokkaido and 2 (copro-antigen alone) of 69 dogs moving to Honsyu. The Ministry of
Health and Labour of the Japanese Government took a serious view of the matter and alerted
all local governments to take measures to control the spread of echinococcosis.

It is thus very important to strengthen dog and fox quarantine processes and also to

-undertake measures aimed at eliminating the source of human infection before the risk of
infection increases. The problem of controlling echinococcosis can not be solved naturally,
only through human patients being treated by physicians and the echinococcosis infection in
dogs being treated by veterinarians. There is an urgent need to address the problem of
echinococcosis infection in foxes, which are highly infected with the cestode and pose the
greatest biopotential risk. A delay in the implementation of echinococcosis control measure
can result in massive economic loss at the same time, as demonstrated by the recent confusion
generated in the implementation of control measures against BSE (Bovine Spongiform
Encephalopathy) in Japan. '

RELEVANT BACKGROUND OF JAPAN
The disease is caused by the cestode, Echinococcus multzlocularzs and is recognized widely
in countries of the northern hemisphere. In Japan early human cases are reported from Sendai
at mainland, Honsyu in 1926 and at Rebun Island, Hokkaido in 1937. During the next 3
decades, occurrence of the disease had been restricted in the island, however, in 1966 the case
was reported in the eastern region of the main island of Hokkaido. Thereafter, the parasite has.
gradually been expanding its distribution and at present, F. multilocularis is recognized all
over Hokkaido Island (Fig 1.). '

In the last decade, the prevalence of the parasite in foxes has dramatically increased
(64% in Sapporo,1999). Therefore, effective control measures of the parasite in the fox
population are now required. Our ‘group at Hokkaido University has developed a diagnostic
method for the parasite. The method detects the parasite antigen in the fox faeces (coproantigen),
whereby it is not necessary to autopsy the animal for diagnosis. In 1998, a deworming
program to manage echinococcosis in foxes was initiated in a pilot area (200 km?) facing the
Sea of Okhotsk in Hokkaido. Fish sausage baits containing the anthelmintic praziquantel were
distributed to foxes. Using the coproantigen detection. and faecal egg
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Fig 1. Expansion of the endemic area of Echinococcus multilocularis in Hokkaido. I 1936-
1965 - The occurrence of the disease was restricted to Rebun Island. IT 1966-1971 - Patients
and infected animals were found in the eastern part of Hokkaido. IIT 1972-1982 - The
endemic area was considered restricted in the eastern part of Hokkaido. IV 1983-1987 -
Patients and infected animals were found in various regions. V 1988-1992 - The endemic area
was further expanding and E. multilocularis was considered present throughout Hokkaido in
1992. VI The prevalence in foxes has an increasing trend.
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examination methods, it was observed that the number of fox facces containing the Echinococcus
eggs was rapidly reduced in the bait distributed area. In contrast, coproantigen positive faeces
did not show much reduction in the first year, indicating that foxes were readily re-infected by
ingesting the intermediate hosts, voles, which had been infected before the start of the programme,
However, obvious reduction in the number of coproantigen positive faeces was recognized
.from the second year, even though frequency of bait distribution was reduced. The results
. suggested that longer term strategic bait distribution would be effective for the control of
Echinococcus infection in foxes. '

To monitor the change in prevalence, the Hokkaido Government has been performing
necropsy surveys in foxes captured in winter at various sites throughout Hokkaido; this showed
that the overall prevalence was 17.8% in 22,268 foxes surveyed during 1966-1999. However,
in the last decade, the prevalence of the parasite in foxes has dramatically increased (58% in
1998) (Fig. 2). Our necropsy surveys conducted in the suburbs of Sapporo City demonstrated
a similar high prevalence in foxes: 54.9% in 1997-1998 (Morishima ef al 1999a) and 56.7% in
1999 (Yimam et af 2002). Since the definitive hosts excrete the parasite eggs infective to
humans, effective countermeasures to control the parasite in foxes are now urgently required
because of the high prevalence rates.

No of Foxes examined Prevalence (%)
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Fig 2. Change in the prevalence in winter captured foxes in Hokkaido during 1983-1999 (data
from Hokkaido Government).

DEWORMING TRIAL OF FOXES

Our group at Hokkaido University has developed a sandwich ELISA based diagnostic
method for the definitive hosts of Echinococcus species (Kohno ef al 1995, Nonaka ef al 1996).
The method detects the parasite excretory/secretory antigen in the fox (or dog) faeces
(coproantigen) (Fig 3.) and it is not necessary to autopsy the animal for diagnosis. Using this
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Fig 3. Coproantlgen detection of Echinococcus multzloculans by a sandlwlch ELISA usmg _
monoclonal antibody, EmA9, dlrected against adult E. multilocularis somatic antigen

method a survey was conducted in a pilot area (200 km?) of Koshimiizu facmg the Sea of
Okhotsk in Hokkaido during 1997 to 1998 (Morishima et af 1999b). Fox faeces were collected
. around 36 fox breeding dens found at the beginning of this survey and the seasonal variation of
E. multilocularis prevalence in foxes was evaluated by the coproantigen detection method and
‘faecal egg examination. This survey provided baseline fox prevalence data for the next
deworming trial (see below), showing that the prevalence of coproatigen positive faeces was
relatively high with no distinct seasonal fluctuations (51.6766.7%). However, the prevalence
of egg positive faeces varied, with higher prevalences found in summer and winter (31.1%and
38.7%) than spring and autumn (13.3% and 13.5%). The observed difference between
‘coproantigen-based and parasite-egg based prevalences was estimated dué to the difference of
~ the sensitivities between the two methods and due to the difference of the seasonal intensities
~ of the parasite in the fox population. Since higher intensities were found both in coproantigen
(ELISA OD values) and egg detection (egg count) in juvenile foxes compared to adult foxes, it
was indicated that juveniles played a more important role in the environmental contamination
with the parasite eggs. In Sapporo, another survey based on coproantigen detection was
conducted on the foxes having their den sites in the parks or woodlands of urban areas (Tsukada '
et al 2000). Infected foxes were found in the Sapporo urban area and the suitable intermediate
hosts, arvicolid rodents, were captured at the urban fringe although not all the rodents captured
were infected with E. multilocularis. This survey suggested that the urban fringe offers a
potent1a1 condition for the maintenance of E. multilocularis life-cycle. In France, the level of
endemicity in different study sites was evaluated using coproantigen detection methods in fox
faeces. The study concluded that coproantigen detection in field faeces could serve for large-
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scale surveillance as an alternative to necropsy (Raoul 2001). Those surveys suggested that the
coproantigen detection in field fox faeces could provide reliable information for diagnosis of
the assessment of changes in the fox prevalence and in the assessment of the regional endemicity
of foxes. :
The first deworming trial against E. multilocularis in wild foxes was conducted in Germany
in a study area of 566km? (Schelling et al 1997). Baits containing 50 mg of the anthelmintic
praziquantel were evenly and repeatedly distributed in the study area either by hand or dropped
from atrcraft. After 6 baiting campaigns over a period of 14 months, the prevalence of E. -

multilocularis in foxes had fallen from 32% to 4%. The effect was most pronounced in the
~ central part of the baiting area, Where no positive foxes were found in the last 2 months. However,
in the marginal part of the baiting area, the reduction of the prevalence was moderate and the
prevalence fluctuated between 5% to 20 % afier the baiting campaigns started. The observed
difference in the baiting effects at central and marginal parts were attributed to the evaluation
method of fox prevalence. In this campaign, an average 2.2 foxes/km? were captured and
necropsied to evaluate the change of fox prevalence. Because the hunting pressure for foxes in
the baiting area was high, those in the surrounding area tended to move into the area to fill any
vacant niche created. The observed higher prevalence in the marginal part was, therefore, due
to the effect of those migrating foxes. This dewoming trial showed that a bait distribution is
effective for reducing the fox prevalence, however it also suggested that the scale of operation
must be large enough to enable the true effect of bait distribution to be evaluated.

THE TRIAL IN HOKKAIDO

In 1998, our deworming programme to manage echinococcosis in foxes was initiated at
Koshimizu. This Koshimizu trial has several unique features. First, since faeces were used for
the evaluation of fox prevalence with coproantigen detection as an alternative to necropsy, a
- survey can be performed with a minimal ecological disturbance. Second, because of the fox-
family based study, precise evaluation of bait consumption by foxes and even collection of
faeces in the study area can be achieved. The study area (200 km?) was divided into two parts
(Fig. 4), one (resided by 18 fox families) with bait distribution and the other (20 fox families)
without bait distribution. ' .

Baits used in this study had a fish sausage base. The manufactured fish sausages (90g,
2cm diameter x 12cm long) were cut into pieces 1.5 cm long and a half Droncit® tablet (50mg
praziquantel per tablet; Bayer Co.) was embedded in each piece of fish sausage. To distribute
baits, 5 bait holes (15 cm diameter x 30 cm depth) were made within an area 100 m apart from
each fox breeding den in the bait-distributed area and the 2 pieces of baits were put inside each
hole (2 baits/hole). To check the bait uptake by foxes, a smooth slope of about 30¢m long and
20cm wide was prepared in front of each bait hole. Consumption of baits by foxes was checked
by fox footmarks left on the slope. Bait was distributed every month in the first year and spring -
and autumn in the second year and only spring in the third 'year, with 4 consecutive days per
month. To evaluate the change in the fox prevalence during the campaign using the coproantigen
detection and fecal egg examination methods (Morishima ef al 1999a), even number (3-5) of
fox faeces were collected every one.or two months within an area of 500 m from each fox
breeding den both in bait-distributed and bait-nondistributed areas. It was observed that the
number of fox faeces containing the Echinococcus eggs was rapidly reduced in the bait-
distributed area. In contrast, coproantigen positive faeces did not show dramatic reduction in
the first year, indicating that foxes were readily re-infected by ingesting the intermediate hosts,
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voles, which had been infected before the operation. However, an obvious reduction in the
number of coproantigen positive faeces were recognized from the second year, even though
frequency of bait distribution was reduced. The results suggested that:
1) deworming of foxes was achieved by the distribution of baits containing praziquantel;
2) environmental contamination with Echinococcus eggs was reduced by the bait distribution;
3) short term bait distribution was not enough for controlling re-infection and 4) longer term
strategic bait distribution would be required for the effictent control of Echinococcus infection
in foxes.

Fig 4. Study area (Koshimizu, Hokkaido) of a deworming trial against foxes

Based on these results, a new deworming programme started in 2001 for covering larger
areas in Koshimizu and Otaru. In the new programme, machine-made baits were produced
from the fishery waste and distributed along all the roads in the study area. The data are now
under analysis in our laboratory to clarify the efficiency of the new baits and the bait distribution
method in the management of echinococcosis in the fox populations.

As represented by the appearance of urban foxes (Tsukada et al 2000), the habitats of
humans and foxes overlap in certain regions in the world. In this context, Hokkaido is not an
exception, and human-red fox contacts at various places such as farm lands, tourist locations
and large parks in urban areas have been frequently observed. Considering the high prevalence
of red foxes with E. multilocularis, management of the disease in wildlife is now required. At
present, a large-scale efficient control measure for alveolar echinococcosis has not been
established and even transmission routes to humans have not been completely clarified. However,
risk control of individuals, by targeting foxes coming into contact with each individual, could
be started immediately by modifying our deworming trial. In Zurich, Switzerland, 50 pieces of
bait each containing 50 mg praziquantel were distributed per km? ; and distributed monthly in
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six areas of one km?, and one area of 6km? from April 2000 to October 2001, Its efficacy was
then determined by the coproantigen analysis. Significant decreases in the one km? bait areas
(38.6% to 5.5%) and in the 6- km? bait area(66.7% to 1.8%) were observed (Hegglin et al
2003).

It is now paramount to clarify the individual potentialy high risk factors and to immediately
establish and apply small scale efficient management measures (Nonaka et al 1998).

From these trials the baiting strategy using the coproantigen detection system for
evaluation might be feasible to eliminate the source of infection from fox population on Hokkaido
Island (78,000 km?) if a larger scale operation with a proper combination of machine-made
bait, distribution method and evaluation system could be applied (Kamiya 2004). For such an
operation we have designed a scheme called Forum on Environmental Animals (FEA) which
has been established since 1999 { Fig 5).
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Fig 5. Composition of Forum on Environmental Animals (FEA)
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