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Economic evaluation of counter-measures against echinococcosis using baits with

anthelminthics
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Takafumi OISHIY, Ryohei KADA®, Masahiko ARIJT* and Fumihiro YAMANE®
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Abstract : In this paper, we try to evaluate risk reduction benefits by counter-measures against
echinococcosis using baits with anthelminthics. We applied contingent valuation method based on
double-hounded dichotomous choice approach at 4 areas in Hokkaido. As a result, The median
WTP estimated are between about 2,000 - 3,000 yen per year. The mean WTP are between about

2,500 - 4,500 yen as well.

Key Words : Counter-measures against echinocoocosis, Contingent Valuation Method
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Abstract

We focused on the epidemiology of alveolar echinococcosis especially in Japan and discussed control measures to prevent an
epidemic. .

No effective control measures against alveolar echinococcosis have been identified thus far because it is difficult to fully
understand the ecology of the parasite and its hosts, i.e. the precise infection route to humans.

In Hokkaido, Japan, infection rates among red foxes have recently risen even in low endemic districts. Infection seems to be
spreading not only among wild foxes but also among domestic dogs. Despite only sporadic reports of human cases in Japan,
we predict that the incidence of alveolar echinococcosis will increase in the near future if no effective preventive measures are
put in place. An Echinococcus multilocularis epidemic would have the potential to affect the economy of Hokkaido, due to its
impact on the agricultural and tourist industries. ‘

Well-designed epidemiological surveys are, therefore, urgently required prior to large outbreaks, based on understanding of

the ecosystem around E. multilocularis.
© 2003 Elsevier B.V, All rights reserved.

Keywords: Alveolar echinococcosis; Ecosystem; Epidemiology; Risk management

1. Introduction

Alveolar echinococcosis is caused by accidental in-
gestion of eggs of the parasite Echinococcus multi-
locularis. After slow growth of the larva, many tiny
cysts occupying the liver cause a lethal pathophy-
siology similar to liver carcinoma. However, early

* Corresponding author, Tel.: +81-11-706-5051;
fax: +81-11-706-7374.
E-mail address: tamashiro@med.hokudai.ac.jp (H. Tamashiro).

diagnosis of alveolar echinococcosis is very difficult
because of the long latent or asymptomatic period,
which may be as long as 20 years.

None of the endemic areas have undertaken effi-
cient control measures, as it is difficult to completely
understand the ecology of the parasite and the precise
infection route to humans. On the other hand, infec-
tion rates in wild red foxes, the definitive host of E.
multilocularis in Hokkaido, Japan, have been rising
in the low endemic districts and the fox population
seems to be increasing even in urban regions (Tsukada

0001-706X/$ ~ see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/j.actatropica.2003.09.001
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et al., 2000). In addition, infection of domestic dogs
has been confirmed, exposing many residents to the
risk of infection.

In this article, we describe epidemiological char-
acteristics of alveolar echinococcosis, and discuss its
prevention and control from an ecosystem and risk
management perspective.

2. Epidemiology in the world

Maintenance of the life cycle of the parasite E. mul-
tilocularis has been reported widely in the northern
hemisphere (Table 1). However, precise epidemiolog-
ical data from potential endemic areas, like newly in-
dependent states of the former USSR, are lacking.
First reports of infection in foxes or humans are to
be considered carefully as they can be either due to
confirmation of an existing life cycle or expansions of
pre-existing E. multilocularis life cycles (Eckert et al.,
2000; Deplazes and Eckert, 2001).

2.1. Definitive hosts

Prevalence rates among definitive hosts, shown
in Table 2 (Tsukada et al.,, 2000; Deplazes and
Eckert, 1996, 2001; Hokkaido Institute of Public
Health, 1999) should be interpreted carefully because

Table 1

the representative nature of the samples is unknown.
In interpreting data from the surveys, age-specific
vulnerability of the foxes should be taken into con-
sideration. Some studies have documented that in
high-endemic areas fox cubs show higher infection
rates than adults (Eckert et al., 2000, 2001; Deplazes
and Eckert, 2001; Hofer et al., 2000).

To date, necropsy remains the most reliable method
for determining the infection of definitive hosts. Al-
ternatively, a simple and safe method, ‘Coproantigen
ELISA’, which detects metabolites from cestodes in
fecal samples, has been developed. The test picks up
early phases of infection in foxes (Tsukada et al., 2000;
Uchino and Sato, 1996; Deplazes and Eckert, 1996,
2001; Hofer et al., 2000) and has a high sensitivity
(83-87%) and specificity (95-99%) (Deplazes et al.,
1999; Sakai et al., 1998). Recent studies have showr
that results from the ELISA test can be used as an indi-
cator of prevalence in fox populations (Nonaka et al.,
1998; Raoul et al., 2001). In a host population with a
relatively low prevalence, the ELISA has a very high
negative predictive value, so this method is suitable
for screening domestic dogs and cats, too (Deplazes
et al., 1999; Deplazes and Eckert, 2001). The PCR
method to detect copro-DNA from faecal specimens
with a high diagnostic specificity and sensitivity has
been developed. This method is unsuitable for many
samples because it is laborious and costly, so it is used

Countries or regions where maintenance of life cycle of E. multilocularis and/oy human cases have been reported

E. multilocularis E. multilocularis
cycle and human

cases human cases

Region

cycle and sporadic

E. multilocularis cycle Sporadic human cases

Asia China, Iran, -~
Japan,
Kazakhstan,
Turkey,
Uzbekistan

Africa - -

- India

— Tunisia

North America

Europe

Northern tundra zone:
Canada and the United
States (Alaska)

Austria, France,
Germany, Liechtenstein,
Poland, Russian
Federation, Switzerland

Central part of north
America: southern
Canada and northern US

Azerbaijan, Belgium,
Czech Republic,
Kyrgystan, Slovakia

Armenia, Denmark,
Georgia, [taly,

Luxembourg, Moldova,

Netherlands, Norway,
Tajikistan, Ukraine

Bosnia, Bulgaria, England.
Greece, Hungary, Slovenia,
Sweden
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Table 2
Prevalence rates among definitive hosts and mcndence rates among humans in endemic areas over the world
Country (area) Definitive host Human
Species Number of Prevalence rate Period Incidence rate
4 animals examined (%) {per million year)
Japan Fox 373 458 1982-1999 0.9-3.3
Dog? 9849 1 - -
Cat 91 5.5 ~ -
China (Gansu) Dog 58 10.3 1994-1997 3.4%9
Alaska Fox® - 40-100 - : 70-980
Dog - 12 - —
Austria Fox 3600 1-35 1983-1990 0.2
Switzerland Fox 7059 29 1970-1992 1.0-7.4
Dog 660° 0.3 - -
' Cat 263¢ 0.4 - -
Germany Fox 679 44.8 1985-1989 03
Cat 170 29 - -
France Fox 513 14-36 1971-1989 5.0-14
Dog 36 5.6 - -

Source: Craig et al. (2000); Deplazes et al. (1999); Eckert (1997); Hokkaido Institute of Public Health (1999); and Uchino and Sato (1996)

2 Stray dog (Japan), domestic dog (other countries).
b Arctic fox (Alaska), red fox (other regions).

¢ Confirmed by coproantigen ELISA and PCR, others by necropsy.

d prevalence.

for confirmation of the positive coproantigen ELISA
results (Deplazes et al., 1999; Deplazes and Eckert,
2001).

2.2. Humans

The incidence of alveolar echinococcosis in hu-
mans (per million year) have been reported to be
0.2-14.0 in the endemic countries of Europe, such
as France, Germany and Switzerland and 0.9-3.3 in
Hokkaido (Table 2). In these areas, wild foxes are
the main source of infection to humans. On the other
hand, in China and Alaska, where active life cycle
is maintained between domestic dogs and rodents,
higher incidence rates among humans have been re-
ported (Uchino and Sato, 1996; Craig et al., 1992,
2000). However, since no standardized diagnostic cri-
teria for alveolar echinococcosis has been established,
the comparisons may not be reliable.

In Europe, farming, breeding of cats and hunting are
reported to be high risk factors to infections in humans,
while in China and Alaska, dog ownership carries a
higher risk (Craig et al., 2000; Eckert et al., 2001; Kern
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et al., 2003; Kreidl et al., 1998). The reason why there
have been a few systematic epidemiological studies
on human cases throughout the world is that: (1) so
far alveolar echinococcosis has not necessarily been
given priority among public health problems because
of low incidence and spatial restriction and (2) a long
latent period makes it difficult to correctly identify the
infection route to the humans, diagnose at early stages
and understand the incidence.

3. Epidemiology in Japan
3.1. Definitive hosts

In Hokkaido, prevalence in foxes by necropsy has
risen from 10% in 1984 to about 40% in 2001 (Fig. 1).
The rise was most significant after 1993 even in low
endemic areas (Hokkaido Institute of Public Health,
1999).

Small necropsy studies in Hokkaido indicate preva-
lence around 0.5-5.0% among stray dogs (Hokkaido
Institute of Public Health, 1999). In recent studies,
1.4% (10/708) of domestic dogs in Hokkaido were
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Fig. 1. Infection rates in red foxes in Hokkaido, Japan, 1983-2001.

reported to be coproantigen-positive (Kamiya, 2001)

and 0.3% (2/660) were infected in Switzerland

(Deplazes et al., 1999). Infection in cats, in which
growth, maturation as well as egg production of E.
multilocularis is significantly reduced, has been doc-
umented in both places (Deplazes et al., 1999; Eckert,
1997; Hokkaido Institute of Public Health, 1999).

A questionnaire survey reported that up to 40%
of domestic dogs have contacts with rodents (Oku,
2000). These suggest that migration of infected foxes
can cause new infection among domestic dogs through
rodents. Domestic dogs can therefore be an impor-
tant source of infection for humans also in Hokkaido,
where there are about 230,000 registered dogs. Sur-
veys to determine prevalence in domestic dogs are a
priority (Kamiya, 2001; Oku, 2000).

3.2. Intermediate hosts

3.2.1. Rodents

Infection rates in rodents, intermediate hosts, have
been reported to be 1-8% in Hokkaido (Hokkaido
Institute of Public Health, 1999) and some European
countries (Eckert, 1997, Hofer et al.,, 2000), while
Alaska has had higher rates (Uchino and Sato, 1996).

The rodent Clethrionomys rufocanus is the most
important intermediate host of E. multilocularis in
Hokkaido (Tsukada et al., 2000; Eckert et al., 2001).
Several recent surveys have suggested that overwin-
terd rodents, who have better grthh of the larva and
higher prevalence in spring than newborns in summer
and autumn, are the source of infection to juvenile
foxes (Uchino and Sato, 1996; Hokkaido Institute of
Public-Health, 1999). The rodents around fox dens are
infected through frequent exposure to eggs excreted
by foxes. In order to prevent infection between foxes
and rodents, the seasonal fluctuation of the infec-
tion and population cycle is being studied (Hokkaido
Institute of Public Health, 1999). The ecology of
the larva in rodents, which helps us understand the
susceptibility and resistance to E. multilocularis in-
fection in humans, is to be studied further not only in
laboratory also in the field (Gottstein and Felleisen,
1995).

3.2.2. Livestock

Meat inspection in Hokkaido has found a large
number of infected pigs by histological diagno-
sis. The infection rates are between 0.1 and 0.2%

(Hokkaido Institute of Public Health, 1999). Their
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