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Abstract

Two IgM murine monoclonal antibodies (MAbs), EgCl and EgC3, were produced against the excretory/secretory (E/S) products of
Echinococeus granulosus adnlt worms. Immumoblotting revealed that both predominantly recognized a 50 kDa antigen in the somatic extract
and an 85 kDa component in the E/S products. Immunolocalization showed that both MAbs reacted with the tegument of the parasite, and
additionally EgC3 reacted with parenchyma and the tegument lining the external surface of the reproductive organs. A coproantigen capture
ELISA was developed using a rabbit polyclonal antibody against E/S products from adult tapeworms as catching antibodies, and each one of
MAbs as detecting antibody. The assays detected seven out of eight (EgCl), and eight out of eight (EgC3) experimentally infected dogs
{worm burdens ranging from 61 to 57,500), using heat-treated samples obtained at prepatent period, and none (#=8) of helminth-free
samples. Time course analysis showed that, after a 12-25 days lag, coproantigen levels rose above cut off O.D. values and typically peaked
around 30 days post-infection (DPT) at the end of the experiment. One dog expetimentally infected with Taenia hydatigena metacestodes was
slightly detected as positive at different time points after 36 DPL. Both MAbs showed a similar pattem of recognition, but 7, hydatigena
antigens were undetectable for a longer period, and reached lower O, values with EgCl. Interestingly, fecal samples from two
experimentally infected dogs with Echinococcus multiloculoris were not recognized by the EgCl assay, suggesting 2 potential value as
species-specific diagnostic tool.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Echinococeus granulosus, the dog/sheep tapeworm, is
the causative agent of cystic echinococcosis, an impor-
tant zoonosis widely distributed throughout the rural
areas of the world. Many affected countries have
established control programmes predominantly based on
regular dosing of dogs, and in some cases a marked
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reduction in the transmission of the disease has been
achieved [1-3). Accordingly, accurate assessment of E.
granulosus in dog populations is a critical requirement
for evaluating the programme efficacy, and for estimating
the potential infection risk for both human and rumi-
nants. The purgation technique with arecoline hydro-
bromide has been widely used as the standard method
for screening dog populations, but the examination of
removed material is time-consuming, requires trained
personnel, and it is not sensitive enough, as a single
dose could detect less than 50% of E. granulosus
infections [4].
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Detection of parasite antigens in feces has become an
important alternative method for the diagnosis of intes-
tinal infections caused either by protozoa or helminths
[5.6). It has the advantage of correlation with current
parasitism, as parasite-derived antigens should not be
present in the absence of infection. In this sense, different
assays have been developed for the diagnosis of E.
granulosus components in fecal samples using parasite
specific polyclonal antibodies [7-10]. Although the
sensitivity obtained with these assays has been reported
higher than 90%, low parasite burdens with <100 worms
were responsible for most false negative results [11].
Additionally, in most cases, false-positive reactions
caused by infections with related canine tapeworms were
observed.

In this context, we initially evaluated a sandwich ELISA
system for E. granulosus coproantigen detection, using a
monoclonal antibody produced against somatic extract of
Echinococcus multilocularis [12,13]. Although the test
showed a very high sensitivity (100%) in naturally and
experimentally infected animals, cases of cross-reactivity
with Taeria hydatigena were also observed.

In the present work, we produced and characterized, for
the first time, MAbs against excretory/secretory (E/S)
products from E. granulosus adult stage, and preliminarily
studied their potential as diagnostic reagents for specific
coproantigen detection.

2. Materials and methods
2.1. Experimental infections

The infections were performed as previously described
by Malgor et al, [13]. Male and female crossbred dogs, aged
6 months to 2 years, were maintained under helminth-free
conditions and fed commercial dog food and water ad
libitum. One group of dogs was orally infected with 30,000—
200,000 protoscoleces from bovine cysts (dogs 1-3),
another group was infected with 25,000-65,000 protosco-
leces obtamed from ovine cysts (dogs 4—6), and a third one
was infected with less than 1000 protoscoleces obtained
from ovine cysts (dogs 7-8). They were euthanised before
patency with an overdose of sodium pentobarbitone on 25
(dogs 7-8), 30 (dog 3), 31 {(dogs 1-2), or 35 (dogs 4-6) days
post-infection (DPI). The experiments were performed
under the control of the Honorary Commission on Animal
Experimentation (CHEA) of the University of the Republic
in accordance with the Law on the Use of Animals in
Experimentation, Teaching and Universitary Research
(Ordenanza sobre uso de animales en experimentacitn,
docencia e investigacién Universitaria, Diario Oficial No.
25.467, Febrero 21 de 2000, 1440-C a 1444-C, carillas No.
64 a 68).

One dog was experimentally infected with seven T
hvdatigena metacestodes, and the infection was maintained
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during the prepatent period (55 DPI), when the dog was
treated with praziquantel (10 mg/kg).

2.2. Preparation of parasilte extracts

2.2.1. E/S products

E. granulosus adults worms were recovered from the
intestine of experimentally infected dogs at 35 DPIL Briefly,
the small intestine was divided into three parts, opened and
placed over a mesh in a Petri dish with the mucosae surface
in Hank’s balanced salt solution (HBSS), and incubated for
various periods, during which adult worms were released.
They were washed in HBSS (pH 7.2) containing gentamicin
(200 pg/ml) and then maintained in Medium 199 (Gibco)
pH 7.2 supplemented with glucose (4.0 g/1) and gentamicin
(200 pg/ml), at 37 °C in a 5% CO; incubator. Approx-
imately 7500 worms were culiivated in 150 ml of medium,
which was replaced every 6 h during the first 24 h, then
collected, and stored at —80 °C until processed. The
medium containing the E/S components was concentrated
using a YM-10 membrane (Amicon) followed by dialysis
with PBS. -

2.2.2. Somatic extracts

Adult E. granulosus worms obtained as above were
washed in Tris-HCI buffer (pH 7.8) containing EDTA (25
uM) and PMSF (200 pM), homogenized, and ultrasonicated
at 20 pulses/min (20% power). Sonicated material was
centrifuged during 30 min at 10,000xg and supernatant was
used as somatic extract,

2.3. Preparation of fecal samples

Feces from experimentally infected dogs were daily
collected, mixed in a 1:4 ratio (w/w) with 1% formalin,
heated at 70 °C for 12 h, centrifuged at 2200 xg for 10 min,
and the supernatant stored at —20 °C until used for
coproantigen detection. Positive E. multilocularis fecal
samples were collected at 45 DPI from two experimentally
infected dogs as previously described [14]. Negative fecal
samples were obtained on the day prior to the infection
either with E. granulosus or E. multilocularis.

2.4. Monoclonal antibodies (MAbs) production

BALB/c mice were immunized with 100 pg of E.
granulosus E/S antigen solution in Freund's complete
adjuvant. Two weeks after priming, mice were boosted with
the same amount of antigen in Freund's incomplete
adjuvant. Three days before fusion, a second booster was
given in saline. All the immunizations were done by
intraperitoneal injection, After three days, mice were
sacrificed and the spleen removed. Splenocytes were fused
with X63 myeloma cells using a 50% polyethylene glycol
1500 solution in serum free Iscove’s modified DMEM
medium (IMDM), containing streptomycin sulfate (0.1 g/l)
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and penicillin G (10° UA). Fusion and cell-culture proce-
dures were carried out essentially as described by De
StGroth and Scheidegger [15]. Cell supematants were
screened for antibody activity using direct ELISA with E.
granulosus E/S antigen, Hybridoma with suitable growth
and higher secretion of antibodies against E. gramulosus
were repeatedly cloned by limited dilution in IMDM with
20% fetal bovine serum (Gibco) and cultured. Thymocytes
from BALB/c mice were used as feeder cells. MAbs were
- recovered from cell culture supematant,

2.5, ELISA assay

For MAbs screening and isotype determination, direct
ELISA was performed as follows: flat-bottomed microtitre
plates (Maxisorp, Nunc) were coated with 1 pg/ml antigen
(50 pYwell) in 0.05 M NaHCO,/Na,CO; buffer (pH 9.6)
and left overnight at 4 °C. Blocking was done with 1%
bovine serum albumin (BSA) in PBS (100 pl/well) for 2 h,
Hybridoma culture supematants (50 pl/well) were incubated
for 1 h. Bound antibodies were detected after the addition of
50 ul of a horseradish peroxidase conjugated rabbit anti-
mouse IgG+A+M (Sigma), diluted at 1/2000 in 0.5% BSA
and 0.5% casein in PBS containing 0.05% Tween (PBS-T)
for 1 h, and then 0.04% o-phenylenediamine, 0.07% H,0,
in citrate phosphate buffer (pH 5.5) were added for 10 min
at 37 °C (100 pl/well). The reaction was stopped with 50 pl
of 4 N H,SQ4 and the plates were read at 492 nm. All the
washes were done with PBS-T. Unless otherwise stated, all
procedures were carried out at room temperature (RT). For
isotype determination, the same protocol was followed, but
horseradish peroxidase conjugated rabbit anti-mouse IgM
and IgG (Sigma) were used.

2.6, Rabbit anti-E. granulosus E/S products polyclonal
antibody

A New Zealand White rabbit was immunized three times
subcutaneously with 100 pg of E/S products from adult E.
granulosus, using Freund's complete adjuvant for the first
injection and Freund’s incomplete adjuvant for the first
booster 2 weeks later. The third injection was in saline. IgG
was purified from pooled sera using a Protein A affinity
column (BioRad) according to manufacturer’s instructions.

2.7. Immunoblotting

Somatic extract and E/S products of adult E. granulosus
were separated in 10% SDS-PAGE under reducing con-
ditions, and blotted onto a nitrocellulose membrane (Bio-
Rad) using a semi-dry horizontal electro-transfer system,
Blocking was done with 1% BSA in PBS at 4 °C overnight.
The strips were then probed with hybridoma culture
supernatant for 1 h at RT, and then incubated with
horseradish peroxidase conjugated rabbit anti-mouse IgM
(Sigma) diluted at 1/4000 in 0.1% BSA in PBS-T for 1 h at
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RT. Peroxidase reaction was visualized with 0.06% (w/v)
diaminobenzidine tetrahydrochloride in 50 mM Tris-HCl
{pH 7.6) and 0.03% (v/v) H,O,. The reaction was stopped
after 5 min with distilled water.

2.8. Immunafluorescence on histological sections

Adult worms, fixed in 70% alcohol, were dehydrated,
cleared, embedded in paraffin waz, and cut 4 pm thick.
After dewaxing, sections were incubated with the MAbs
(culture supernatant) for 1 h at 37 °C. After washing with
PBS-T, a FITC conjugate anti-mouse IgM (Sigma) was
added for 1 h at 37 °C. The sections were washed, then
mounted and observed in a Zeiss fluorescence microscope,

2.9. Coproantigen detection

Sandwich ELISA for coproantigen detection was per-
formed following the protocol described by Malgor et al.
[13]. Flat-bottomed microtitre plates were coated with
Protein A purified rabbit anti-E. granulosus E/S products
antibody (5 pg/ml) in carbonate-bicarbonate buffer (pH
9.6), overnight at 4 °C. The plates were blocked with 1%
BSA in PBS for 2 h at RT, and then incubated with fecal
supernatant (50 plAwell} or different concentrations of
parasite E/S products diluted in negative feces (500 to 10
ng/ml), for 2 h at RT. Then they were loaded with 50 pl of
hybridoma cultire medium, and after 1 h, 50 ul/iwell of
HRP-conjugated anti-mouse IgM (1:4000) were added for
another | h. Finally, 100 pl of o-phenylenediamine (0.04%)
and H,0, (0.07%) in citrate phosphate buffer (pH 5.0) were
added for 10 min at 37 °C. The reaction was stopped by
adding 50 pl of 4 N H,S0,, and plates were read at 492 nm,
The cut off values for both MAbs were determined by
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Fig. 1. Western blotting with EgCl and EgC3 on E. granulosus somatic
extract (A) and E/S products (B). Apparent molecular weights are shown on
the left.
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calculating the mean value+38.D. of the samples collected
immediately prior to infection {(EgC1=0.088, EgC3=0.164).
3. Results

3.1. Monaclonal antibodies

Two clones of IgM MAbs were produced against the E/S
products of adult E. granulosus, namely EgCl1 and EgC3.

3.2. Immunoblotting
After SDS-PAGE, immunoblotting with both MAbs

showed reactivity with a prominent single band of an
apparent molecular weight of 50 kDa in the somatic extract,

.and with a band of 85 kDa in the E/S products {Fig. 1 A and

B). Additionzlly, EgC3 reacted with other minor slow
migrating bands in the somatic extract (Fig. 1A).

3.3. Immunolocalization

Both MAbs exhibited high intensity staining, predom-
inantly at the tegument of the parasite (Fig. 2A—C). Besides,
EgC3 reacted with parenchyma and the tegument lining the
external surface of the reproductive organs (Fig. 2A and B).

3.4. Coproantigen detection
Fig. 3 shows the detection of fecal antigens by EgCl and

EgC3 in experimentally infected dogs, harboring from 61 to
57,500 worms. At the last days of prepatent infection (25

Fig. 2. Immumofluorescence with EgCl and EgC3 an adult E. granulosus sections (posterior proglotid). {(A) EgC3 recognition of tegument (T). (B) EgC3
recognition of parenchyma (P). (C) EgCl1 recognition of tegument (T). (D) Control without MAb.
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Fig. 3. Detection of E, granulosus coproantigens using a sandwich ELISA
with a polyclonal antibody developed against £. granulosus E/S preducts
as capture and BgCl and Epe3 as detecting antibodies. Feces from dogs
experimentally infected with different worm burdens were tested (samples
from dogs harbering from 2375 to 57,500 wonms were from 30 DPI, and
samples from dogs harboring 61 and 121 worms wers from 25 DPI). (3,
EgCl; W, EgC3.

Dog 1 - 31,000 worms
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DPI for dogs harboring 61 and 121 worms, and 30 DPI for
dogs harboring from 2375 to 57,500 worms), all infected
dogs were detected as positive for EgC3, and seven out
eight for EgCl. None of the helminth-free controls showed
false positive reactivity.

The sensitivity of both systems was preliminarily
determined evaluating the detection limit for serial dilutions
of parasite E/S products in negative feces. The detection
limit for EgC1 was below 30 ng/ml and for EgC3 was below
7 ng/ml, equivalent to 120 and 28 ng of parasite

" components/g of feces, respectively. Fig. 4 expose the

individual time course of coproantigen detection in each of
the eight dogs experimentally infected with E. granulosus.
Both MAbs detected released fecal antigens during the
prepatent period studied. Using EgC3, fecal samples
became positive at 12 DPI in the dogs harboring higher
worm burdens (dogs 1 and 2), or later at 15-24 DPI in dogs
with less than 10,000 worms (dogs 3 to 6), followed by a
rise in O.D. values that remained positivé until the end of
the experiment. In dogs carrying worm burdens between 61
and 121 (dogs 7 and 8), the coproantigens were detected at

_ the end of the experimental infection (25 DPI), with O.D.

Dog 2'-67,500 worms

values in the same order as those from higher worm burden
on 25 DPL The ELISA assay with EgC1 showed a similar
pattern, but antigens were undetectable for a longer period,
and reached lower O.D. values,

However, when feces from a T. hydatigena-infected dog
were assayed, both MAbs showed positive O.D. values in

Dog 3 - 2,800 worms
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Fig. 4. Time course coproantigen detection in the prepatent period of infection of dogs experimentally infected with different worm burdens of E. granulosus or

T. hydatigena. DPI: days afler infection; A, EgCl; W, EgC3.
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Fig. 5. Coproantigen detection by EgCl W, EgC3 1, and EmA9 O in feces from dogs experimentally infected with E. multilocularis.

samples at different time points from 30 DPI until the end of
the experiment on 55 DPL

An indication of specie-specificity of EgCl is shown in
Fig. 5. EgCl did not recognize either E. multilocularis
somatic extract (not shown) or positive feces from infected
dogs. The results were compared with EmA9, an MAb
~ prepared against somatic extract of E. mulfilocularis [16].

4, Discussion

It is increasingly recognized that an accurate measure-
ment of the prevalence of canine infection is a critical
requirement in order to establish the epidemiological status
of cystic echinococcosis in a given situation, However, the
use of the standard purgation method with arecoline
hydrobromide is highly problematic mainly due to its low
sensitivity and operational difficulties, making it unsuitable
for the screening of large dog populations. In this context,
the immunodetection of soluble released antigens in fecal
supernatants has gained increasing support as an alternative
method capable of overcoming these difficulties [10].
Aimed at developing a highly specific assay, we produced
two MAbs, EgCl and EgC3.

The accuracy of coproantigen detection in canine
echinococcosis is critically dependent on the parasite
burden, as initially observed by Deplazes et al. [8}, who
detected only one in eight dogs infected with less than 100
worms, using polyclonal antibodies produced against E/S
products from adult tapeworms. Another study using the
same assay showed that 92% of dogs harboring more than
100 worms were positive, while detection capacity dropped
to 30% in those animals with less than 100 parasites [11].
Similarly, a burden-related effect was observed in another
field study that employed a coproantigen capture ELISA
with affinity-purified polyclonal IgG anti-E. granulosus
somatic homogenate, In this case, false negative coproanti-
gen samples were from dogs with less than 20 worms
detected at purge. It has been shown that the average worm
burden of E. granulosus is about 200/dog in endemic areas
for cystic echinococcosis [17).

For the coproantigen detection ELISA utilizing EgCl
and EgC3, time course profiles of coproantigen detection
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during experimental infections were very similar. Fecal
samples became positive during the prepatent period after a
lag phase of 12 to 25 DPI, being later for dogs with lower
worm counts. After detection, coproantigen levels showed a
steady risc that peaked at about 30 DPI, Within the range of
parasite counts, BgC3 showed higher values than EgCl1, and
also a trend of positive correlation between OD values and
wormn burden (not observed with EgCl). Dogs infected with
less than 121 worms were detected by EgC3 near day 25
(EgCl only detected dog 7), when the experimental
infection was finished. The O.D. values for these samples
(25 DPI) were similar to those of dogs harboring higher
worm burdens,

These findings suggest that the detection limit of the
coproantigen assay is related to the biomass and the antigen
production capacity of growing parasites. Alternatively, it is
possible that some E. granulosus antigens released o the
intestinal lumen during the early phase of development were
stage-specific and hence, not recognized by EgCl and
Eg(C3, produced against E/S products from older prepatent
WOrms.

Unlike previous reports that utilized either polyclonal or
monoclonal-based assays, none of the studied dogs
exhibited strong fluctuations in coproantigen excretion
levels [7,13,14] indicating an even distribution of released
parasite antigens in the feces.

Cross-reactivity with Taenia spp. constitutes another
major hurdle for the development of a highly specific
coproantigen detection method for echinococcosis. The
cross-reaction has been reported for all the developed:
coproantigen tests [7,8,13] and it ¢an be undoubtedly a
problem in countries like Uruguay, where T. hydatigena is
in hyperendemic steady state [18]. Recently, a major field
study conducted by Christofi et al. [10] in Cyprus revealed
that ECHINOQTEST, 2 commercial coproantigen kit based in
the polyclonal-based assay developed by Allan et al, [7],
had a sensitivity of 83% and a specificity that ranged from
80% to 98%, depending on the presence of Taenia spp.
infection in the group under evaluation.

Our results showed that MAbs reacted with fecal
supernatants from a dog infected with seven worms of T
hydatigena at different prepatent time points starting on 35
DPI until the end of the experiment on 55DPL, However,
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extensive ficld studies in naturally infected animals with

Taenia are necessary to assess assay specificity, particularly

using EgC3.

This false positive reaction with Taenia positive samples
contrasts with the lack of reactivity showed by EgCl with
patent feces from E. multilocularis experimentally infected
dogs, harboring >1000 worms. Such species-specificity
might be useful in epidemiological settings where both
Echinococcus species coexist, as in parts of Central Europe
and China [19].

The capacity of both MAbs for spotting animals for
treatment before eggs can contaminate the environment is a
valuable feature for control campaigns where rates of
reinfection in dogs are being monitored. Additionally, both
MAbs detect heat-resistant epitopes, possibly carbohydrate
moieties, allowing the sterilization of fecal samples by
heating, thus rendering them safe for the personnel
involved.
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ABSTRACT.  Relationships between the prevalence of alveolar hydatid (Echinococcus multilocularis) in red foxes
(Vulpes vulpes) captured in 74 regions of Hokkaido, Japan from 1985 to 1990 and some regional environmental
factors (including population density of voles, temperature, snowfall depth, mean degree of slope, mean altitude, human
population density, etc.) were examined using simple and multiple regression analysis methods. Eight explanatory
varfables were selected from 15 types of candidate variables belonging to eight respective categories of the regional
environmental factors, based on the simple regression analysis. In the multiple regression analysis, only two of these
eight explanatory variables were selected with a stepwise process, and the following model was obtained: Y = 0.00979X,
—0.00037X;+0.23833 (Y: arcsin-root transformed prevalence of E. multilocularis in foxes, X,: captive number of voles
in September, X, number of days with snowfall deeper than 50 cm, r=0.32180, P=0.0001). The higher density of
the voles is supposed to make the establishment of the life cycle of this cestode species more successful. The negative
influence of deeper snowfall on the prevalence is attributable to the lower predation pressure on the voles by the foxes
In deeper snowfall, which suppresses the hunting behavior of the foxes.

Key words : Clethrionomys spp., Echinococcus multilocularis, environmental factor, multiple regression analysis, Vulpes

vulpes

INTRODUCTION

The alveolar hydatid (Echinococcus multilocularis (Leuckart
1863)) has a very wide host range and worldwide distribution,
and the alveolar hydatid disease (AHD), which is caused by
this cestode, causes substantial public health problems in
many areas in the world [1]. In Japan, this disease is the most
important zoonosis on the main island of Hokkaido, where the
major intermediate and final hosts of E multilocularis are red-
backed voles of genus Clethrionomys and red foxes (Vulpes
vulpes ; Linnaeus 1758), respectively. More than 200 patients
and numerous infected host animals have been found in most

Jpn. J, Zoo Wildl.Med. 9(2) : 91-86, 2004

areas of Hokkaido since 1937 [2-4]. Intensive monitoring has
been performed on the prevalence of E. multilocularis on wild,
feral and domestic animals in many regions by Hokkaido's
Prefectural Government, but this data has never been used for
epidemiological study on the AHD, except for Takahashi [5] and
Saitoh and Takahashi [6]. Especially, Saitoh and Takahashi [6]
examined annual fluctuation of the prevalence of this cestode
species in the fox in three areas in eastern Hokkaido by means
of multivariate statistical comparison with density of the voles "
and with that of the cestode in the preceding years with the
aspect of delayed density-dependence.

In the present study, an atternpt has been made to analyze
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Table 1. Simple correlation coefficients (r) between the prevalence
of Echinococcus multilocularis in foxes Vulpes vulpes and each of the 15
" variables on eight (1 ~ 8) candidate environmental factors

Categories (units) and/or their variables r

1. Population density of voles (/0.5 ha/3 nights)

Number of voles captured in July
Number of voles captured in August
Number of voles captured in September
Mean number among three month

2. Temperature ("C)
Total mean temperature

Cumulative mean temperature

0.116

0.384*
0.417*
0.397*

—.0.268*
—0Q.371*

3. Snowfall depth (total snow depth: cm; others: days)

Curnulative snowfall depth

Number of days with snowfall deeper than iG cm

Number of days with snowfall deeper than 20 cm

Number of days with snowfall deeper than 50 cm
Mean degree of slope (m/km)

Mean altitude (m)

0N o 0 e

Human population density (/km )
Number of milch cow per area (/km ) _ - 0.287*
. Percentage of area of forest (transformed %)

— 0371
== 0.341*
— 0.390**
—0.391*
— 0199
—0.227
0.191

— 0.314*

+

P <005, *P <001

cumulative temperature and the number of days with snowfall
deeper than 50 cm showed the highest correlation coefficlents
for the prevalence among the types of variables in respective
categories. The correlation matrix among these eight types
of variables on the respective categories indicated some
significant correlations of pairs of the types of variables (Table
2). The smallest correlation coefficlent was calculated between
the variables on the population density of voles and the
snowfall depth (r=—0.005, P=0.968). Multiple regression
analysis using these eight types of variables was performed to
explain the prevalence of E. muitilocularis in the foxes, and the
following regression model was obtained:

y = 0.00979X, — 0.00037X, + 0.23832

(r =0.32180,F = 16.84, P < 0.01)

In this model, ¥, X, and X, mean the arcsin transformed
prevalence, the captive number of voles in September and the
numnber of days with snowfall deeper than 50 cm, respectively
(see Appendix). The other variables were selected out from
* this model with the stepwise process. The standard error, F
value (and P) and standardized partial regression coefficient
of X, were 0.00232, 17.7]1 (P = 0.0001) and 0.41141, and
those of X, were 0.00010, 15.50(P = 0,0002)and — 0.38485,
respectively.

DISCUSSION

The present simple and multiple regression analyses showed
that the population density of the red-backed voles is one of the

important regional environmental factors on the prevalence of
E. multilocularis in foxes in Hokkaido. Saitoh and Takahashi [6]
performed similar epidemiological analyses on the prevalence
of E. multilocularis in foxes in Hokkaido. However, their previous
analyses treated only three categories of environmental factors
ie, density of voles, temperature and snowfall, and the regions
adopted in the work were limited to three Districts in eastern
Hokkaido. ‘

Many works have addressed quantitative relationships
between both abundance (or density) of parasites and their
hosts from theoretical {7, 9] and empirical [6, 8, 10] aspects.
These studies show that the higher abundance (or density)
of hosts makes a higher prevalence and larger abundance of
parasites possible. This result is demonsrated mainly with the
more successful establishment of the life cycles of parasites
in the higher abundance of hests [7, 9], which is consistent
with the present findings. As above mentioned, Saitoh and
Takahashi [6] examined annual fluctuation of the prevalence
of this cestode species in the fox in three districts in eastern
Hokkalde by means of statistical comparison with density
of the voles, and high correlations were shown between the
prevalence of cestode and the density of voles of the respective
and/or preceding years. Additionally, the functional response

.of predators (change of exploitation pattern related to the

amount of their food resources) may play an important role
in the relationships in the case of heteroxenous parasites
depending on the prey-predator relationships of intermediate
and final hosts [6, 11]. On the other hand, the population
density of the foxes in Hokkaido has been measured in only a
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Table 2. Correlation matrix among explanatory variables used in multiple regression analysis

X, X, Xs X, X Xe X,

X, — 0492%

X — 0.005 0.136

X, — 0.287* 0.287* 0.457**

Xs = 0.263* 0.251* 0344  0623*

Xs 0087 0176 =034 —0057 =—0102

X, 0593* —0409* —0216 —0255* =—0.183 —0.107

X, — 0357  0.248* 0.292* 0352**  0392* —0.295* —0.383*

*P < 0.05*FP < 0.01, X;: number of voles captured in September; X,: cumulative mean
temperature; X5 number of days with snowfall deeper than 50 cm; Xy mean degree of slope: Xg:
mean altitude; Xz human population density; X;: number of milch cow per area; X;: percentage of

area of forest.

few areas {for example, Morishima et al. [4]), so that this data
is unfortunately unavailable in this study.

For the prevalence of some heteroxenous parasites dependng
on prey-predator relationships between their intermedlate and
final hosts, predation pressure on the prey by the predator is

assumed to be an important factor as well as the population

densities of these hosts. The foxes are the important predators
of voles in Hokkaide, so that many studies have been performed

on their relationships [17-23]. In an area of eastern Hokkaido,

it was shown that the hunting pressure on wild rodents,
mainly composed of voles, by foxes changes seasonally, with
the pressure becoming high in spring and a2utumn and low
in summer and winter remarkably (20]. This phenomenon
is attributable to a seasonal change in the amount of ground
surface cover with grass and snowfall, which suppresses the
hunting behavior of the foxes to the voles. This aspect ¢an
explain the function of the snowfall depth as another important
environmental factor on the prevalence of E. multilocularis
in foxes in Hokkaldo, ie. the snow is a barrier to infection of
the foxes by this cestode species (also see Lindstrim [24]).
Some reports show or discuss such relationships between the
prevalence of E. multilocularis and the snowfall depth {4, €].
Especially, Saito and Takahashi [6] obtained similar result from
the present one based on the comparison among three districts
with varied amount of snowfalls in Hokkaido. Some programs
to control AHD in Hokkaldo may be more effective if they are
more intensively performed in years with a lower population
density of voles and deeper snowfall

Other than the two factors discussed above, three
environmental factors showed significant positive or negative
correlations in the single regression analysis. but they were
not included in the present multiple regression model. The
negative correlation between the prevalence and temperature
may be attributable to the higher mortality of eggs of E.
multilocularis in warmer environments [25]. On the other hand,
the number of milch cows per area and the percentage of forest
area correlated to the prevalence of E multilocularis in foxes
positively and negatively, respectively. It is known that foxes

in Hokkaido frequently utilize livestock garbage such as milch
cow placentae in winter as a compensative food resource in
this season [17] and that the red foxes prefer complex habitats
including various types of landscape and avoid uniform habitats -
simply composed of closed forests [26-27]. Additionally,
Yamamoto [28] showed that red foxes in Japan tend to avoid
severely sloped habitats, using radiotracking data. The mean
degree of slope showed an inverse tendency to the prevalence
of this cestode in the foxes, although it was statistically
insignificant. As mentioned above, the population density data
of the foxes in Hokkaido were unavailable; however, these
results may suggest that these two (or three) factors influence
the prevalence via the population density of the foxes, These
factors showed positive or negative significant correlations
with the vole density and/or snow depth (Table 2), so that jt
is impossible to exclude the possibility that their significant
correlations in the simple regreesion analysis may be spurious
correlations.

The distribution of E. multilocularis and AHD is changing in
various areas in the world, inciuding Japan [1-2]. Especially in
this country, there are three recent problems on the temporal
change on the worm and disease: distributton expanding in
western Hokkaido, remarkable increase of the prevalence
in the foxes in most of Hokkaido, and possibility to colonize
in Honshu [2, 29] (atso see the Homepage of Laboratory of
Parasitology, Department of Disease Control, Graduate School
of Veterinary Medicine, Hokkaido University, URL: http://
vpeserv.vetmed.hokudai.acjp/). The present analyses can
explain at least partly the contemporary spatial difference of
the prevalence of E. multilocularis in the foxes in many regions
in the Hokkaido with a few environmental factors. In the near
future, more available models must be developed to explain
both spatial and temporal difference of the distribution and
prevalence of the worm in not only Hokkaide, but also other
areas in Japan and other counties.
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Appendix. Two significant variables of environmental factors in the present analysis (number of voles captured in
September (¥;) and number of days with snowfall deeper than 50 cm (X,)) in 74 regions in Hokkaido, Japan.

Regions X, Xz Regions X, X Regions X, X,
Chitose 9.0 252 |Asahi 18.8 596 | Obihiro 12.6 28
Mori 6.8 105 [Teshio 36.7 325 |Sarabetsu 15.8 172
Minamikayabe 6.4 46  [Haboro 108 391 |Memuro 132 74
Shikabe 9.5 77  |Engaru 13.1 149 |Makubetsu 9.9 97
Bibai 90 420 | Wakkanai 214 290 | Otofuke 12.3 52
Esashi 6.1 434  |Sarufutsu 19.5 465 | Shihoro 195 21
Kaminokuni 2.7 118 |Utanoborl 16.2 612 |Kamishihoro 8.2 246
Assabu 6.4 250 |Oumu 185 217  |Teshikaga 123 141
Kumaishi 39 279 | Kunneppu 8.1 139 | Taiki 16.4 253
Otobe 54 179 | Bihoro 188 186  |Shintoku 186 61
Imagane 90 349 |Memanbetsu 10.4 54 | Shimizu 221 66
Kitahiyama 40 268 | Abashiri 13.0 54  |Shikaoi 139 59
Kuttyan 11.1 603  {Shari 15.6 241  |Ikeda 89 4
Kimobetsu 83 501 ]Kiyosato 14.4 271 | Toyckoro 116 40
Kuromatsunai 16.8 344 |Koshimizu 16.2 271  |Kushiro (City) 209 0
Yolchi 104 435 |Soubetsu 16.0 251 |Hamanaka 18.3 0
Yubari 6.8 186 |Otaki 7.7 526  |Shiranuka 8.7 5
Kuriyama 127 272 | Noboribetsu 239 152 | Onbetsu 12.2 64
Iwarnizawa 15.1 483 [Atsuma 32 66 | Akkeshi 147 41
Mikasa 127 374 jHayakita 9.1 134  |Nemuro 39.8 27
Takanosu 135 482 Mukawa 143 0  [Nakashibetsu 243 162
Albetsu 183 553  |Shiraoi 7.2 176  |Bekkai 352 - 52-
Nayoro 17.4 487 | Oiwake 4.5 134 |Sapporo 9.5 294
Bifuka 232 585  |Shtzunai 13.2 116 [Hakodate 140 54
Shibetsu 112 538 |Biratori 6.8 131
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these monitoring data for critical factors that determine the
regional degree of endemicity of AHD from many candidate
regional emvironmental factars, and to clarify relationships
between the incidence and these factors, based on single and
multiple regression analyses.

DATABASE AND METHODS

The regional incidence of AHD in Hokkaido has been
monitored yearly in the prevalence of E. multilocularis tn red
foxes, racoon dogs (Nyctereutes procyonoides ;. Gray 1834),
rodents, feral cats, feral dogs, and domestic animals including
horses and pigs [5]. However, datasets on these animals
other than the red foxes were available only in smali parts
of Hokkaido and their sample sizes were often very small or
unknown. Hence, in this study, the prevalence of this cestode
in the foxes examined from 1985 to 1990 was used as the
criterion varlable in 74 regions (Clties, Towns and Villages; see
Appendix) where more than 40 foxes were examined in this
period.

In general, the degree of endernicity of parasitosis in humans
and animals and the prevalence of their causal parasites are
often dependent on various environmental factors, such as
hest density [7-11], climate (6, 10, 12-13] and topography
[12]. In this study, 15 types of candidate explanatory variables
belonging to elght categories of environmental factors, ie.,
population density of the voles, temperature, depth of snowfall,
mean degree of slope, mean altitude, human population
density, number of milch cows per area and percentage of
forest area, were collected from varlous sources. The datasets
of the population density of voles were accumulated every July,
August and September at hundreds of census points in national,
prefectural and private forests in Hokkaldo by the Forestry
Agency of the Japanese National Government and the Hokkaido
Prefectural Government, based on the number of voles captured
with each 50 snap trap set in an area of 0.5 ha for serial
three nights [14-15]. The density data of the voles used in the
present study was collected from 1980 to 1989 in private
forests, which are more frequently located near human activity
and probably more important on the epidemiology of AHD than
the national and prefectural forests. Most of these data are on
gray red-backed voles (Clethrionomys rufocanus ; Sundevall
1846), and very small numbers of C. rutilus (Paltas 1779) and
C. rex Imalzumi 1971 are included in them [15). The data on
climatic factor were obtairied from datasets by Sapporo District
Meteorological Observatory from 1885 to 1889, from which
stx types of varlables were used for the analyses, including
total mean and cumulative mean temperatures, cumulative
snowfall depth and number of days with snowfall deeper than
10, 20 and 50 em (The detasets are shown in the homepage
of Japan Meteorological Agency; http://www.data kishou.goJp/
index.htm). The total mean and cumulative mean temperatures
were from the monthly mean of respective values for the
five years. The cumulative snowfall depth was the sum of
snowfall depth for each day of the snowfall in each month from

January to April and In December. The mean degree of slope
in an inland region was obtained from the altitudinal difference
divided by the horizontal distance between the highest and
Iowest points in the region. In seaside regions, the alternative
mean degrees of slope were calculated according to the
following formula:

MDS=2A ./~ (N+F) ,

where M.D.S. and A are the mean degree of slope and the
altitude of the highest point. respectively. N and F are the
respective horizontal distance from the highest point to the
nearest and farthest points on the coastline of the region, The
mean altitude is the mean of the altitudes of the highest and
lowest points in each region. These altitudes and distances
were measured on 1/200,000 topographical maps of Hokkaido

" by Geographical Survey Institute of Japan. Data of the human

population density and the number of milch cows were based
on the National Populatién Census of the 1985 (shown in
the homepage of Hokkaido Prefectural Government; http:/
fwww.pref hokkaido jp/skikaku/sk-ketkl/index.html) and
1980 World Census of Agriculture, respectively. The area of
forest was based on the datasets of public information by the
Hokkaido Prefectural Government in 1990. Some regions
lacked data on the density of the voles, temperature or snowfall
depth, where the means of variables of surrounding regions
were used instead.

The prevalence of E. multilocularis in the foxes and
the percentage of forest area were used after arcsin-root
transformation. Simple correlation coefficlents were calculated
between this prevalence and all 15 types of candidate
explanatory variables of the eight categories of regional
environmental factors (Table 1) to determine any apparent
relationships between the prevalence of the cestode in foxes -
and these environmental factors (Table 1). In three categories
with multiple types of variables, 1., population density of voles,
temperature and depth of snow, each type of varlable showing
the highest stmple correlation coefficient in this analysis
was sellected for adoption in later analyses. A correlation
matrix among the eight variables of respective categories
was consiructed to examine the relationships between each
pair of the variables. Multiple regression analysis using the
prevalence of E. multilocularis in the foxes and these eight
variables as criterion and explanatary variables, respectively,
with a selection process of these explanatory variables by
stepwise method was performed with the REG and STEPWISE
Procedures in SAS Program Version 5 [16].

RESULTS

Simple correlation coefficients between the prevalence of
E. multilocularis in foxes and each of the 15 types of variables
were shown In r* of the Table 1. The population density of
voles, temperature, snowfall depth, number of milch cows per
area and percentage of forest area significantly correlated with
the prevalence. The captive number of voles in September, the
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Economic evaluation of counter-measures against echinococcosis using baits with
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Abstract : In this paper, we try to evaluate risk reduction benefits by counter- measures against
echinococeosis using baits with anthelminthics. We applied contingent valuation method based on
double-bounded 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 Worda : Countermeasures against echinococcodis, Contingent Valuation Method
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REVIEW

PROPERTIES AND FUNCTIONS OF CESTODE
CALCAREOUS CORPUSCLES

Arihiro Osanai and Haruo Kamiya

Abstract All cestodes contain mineral concretions termed calcareous corpuscles and these concretions are likely
'to be involved in the parasite survival in host environment. Nevertheless, the precise funclion of calcareous
corpuscles is still unclear and has not been studied from the view of biochemistiry and molecular biology. This
review intends o summarize the published litertures about the properties, formation and function of calcarcous
corpuscles and 1o discuss how the biochemical and molecular biological approaches on calcareous corpuscles will
be concerned in the host-parasite relationship.

Hirosaki Med. J. 56 :37—44, 2005

Key words: cestode; Echinococcus spp.; calcareous corpuscles; function.
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