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Abstract

Echinococcus multilocularis causes a rare but potentially lethal zoonotic infection in humans. This tapeworm is known to be
endemic in foxes in several countries of Western and Central Europe. In Western Europe, the common vole (Microtus arvalis) and
the water vole (Arvicola terrestris) are considered to be the most important intermediate host species of this cestode whereas the red
fox is by far the most important final host. The purpose of this study was to provide data on the prevalences in Wallonia (Southern
part of Belgium) both in the red fox and in different potential intermediate hosts.

A total of 990 red foxes were examined between January 2003 and December 2004 for the presence of E. multilocularis. The
average prevalence was 24.55% (22.38-27.87). Out of 1249 rodents or insectivores belonging to the species Apodemus sylvaticus,
Arvicola terrestris, Clethrionomys glareolus, Microtus arvalis, Microtus agrestris and Sorex araneus, only one M. arvalis (out of 914—
0.11% (0.003-0.61) and one C. glareolus (out of 23—4.3% (0.1-21.9) were found to be infected. However, the muskrat (Ondatra
zibethicus) seems to be a good intermediate hostas 11.18% (9.72—12.76) of the animals (n = 1718) were found to be infected. A positive
correlation was found between the prevalences in foxes and in muskrats in each of the different geological regions. This study indicates
that the muskrat is highly sensitive to this zoonotic tapeworm and could perhaps represent a good bioindicator when studying the
epidemiology of this parasitic infection in Belgium and in other countries where the muskrat is present.
© 2007 Published by Elsevier B.V.
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1. Introduction causative agent of alveolar echinococcosis, a zoonotic
parasitic disease which causes a severe hepatic disorder

Echinococcus multilocularis is a small tapeworm in humans.
belonging to the Taenidae family. This parasite is the The presence of the parasite is limited to the

northern hemisphere. E. multilocularis is present
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and Central Eurasia (Ito et al., 2003; Vuitton et al.,
2003).

In Europe, the typical life cycle is sylvatic with foxes
(Vulpes vulpes) as the main definitive host and rodents,
particularly those of the family Arvicolidae, as
intermediate hosts. Less frequently other species of
the families Canidae and Felidae are final hosts,
including the dog and cat (Eckert et al., 2001).

Increasing fox densities were recorded in several
European countries more particularly in suburban and
urban areas. Recent studies investigating the potential
risk in urban areas in Central Europe indicated that
infected foxes seemed to represent an important
reservoir for the parasite even in an urban environment
(Hofer et al., 2000; Tsukada et al., 2000).

In several reports, the common vole (M. arvalis) and
the water vole (A. terrestris) are considered as the most
important intermediate host species of E. multilocularis
in Europe. Their significance differs according to the
various countries and regions. Few data are available
about the parasite prevalences in rodents, but in general
they are fairly low (<1-6%) as compared to those in
foxes from the same area (20-60%) (Hofer et al., 2000).
However, studies in France and Switzerland indicated
that high-endemic foci of rodent E. multilocularis
infections do exist and in these cases prevalences of E.
multilocularis in the water vole can reach 39% (Eckert
et al., 2001).

In Belgium, the presence of E. multilocularis was
recorded for the first time in the South-Eastern of the
country in 1991 (Brochier et al., 1992). An additional
study in 1997 revealed that 51.0% (74/145) of the red
foxes collected in the same area were positive (Losson
etal., 1997). In 2002, the presence of the adult tapeworm
was detected in other regions of Wallonia (Losson et al.,
2003). However, no data are available about the
intermediate hosts of E. multilocularis in Belgium.

Consequently the present study was conducted in
order to evaluate in Wallonia (Southern Belgium)
the prevalence of E. multilocularis infection both in
its main final host, the red fox, and its potential
intermediate hosts species.

2. Material and methods
2.1. Location

Wallonia is the southern administrative part of
Belgium and has a total surface area of 16,844 km?. It is
divided into five distinct geological areas. Minimum
and maximum altitudes are <100 and 692 m above sea
level respectively.

2.2. Collection and post mortem examination of the
red foxes

A total of 990 red foxes were collected between
January 2003 and December 2004 and were examined
for the presence of E. multilocularis.

Foxes were either shot or killed in road accidents.
They were transported in sealed plastic bags and kept at
—20 °C until further examinations. At necropsy, the
animals were sexed and their age was evaluated (Eckert
et al., 2001): the foxes were divided into three age
categories. Cub refers to foxes of up to 6 months of age,
sub-adult refers to foxes of 7-12 months of age and
adult refers to foxes older than 12 months of age.

The term “juvenile” is used to describe foxes under
one year of age and consequently the category includes
both cubs and sub-adults (Harris, 1978). The age
evaluation was done by morphological changes of teeth
that can be used to distinguish foxes under and above 1
year of age.

The entire gut was collected and kept for at least 10
days at —80 °C in order to inactive the infective
material. After thawing the gut was opened and 15
mucosal scrapings were collected from the proximal,
middle and posterior parts of the small intestine. The
collected material was examined under a dissecting
microscope under a 24-40x magnification (Eckert
et al., 2001).

The identification of the worms was performed
according to the size and the appearance of the uterus of
the last segment.

2.3. Collection and post mortem examination of the
intermediate hosts

Different species of voles were trapped in an area
highly endemic for alveolar echinococcosis located
in the Luxemburg province at an altitude of 460—
495 m above sea level. The trap used for the common
voles was a Tomahawk’s Humane Mouse Trap, Model
101 (Tomahawk live trap, Wisconsin) and for the
water voles a Topcat trap (Topcat GmbH, Switzer-
land). The landscape was predominantly composed of
pastures and crops. Muskrats were provided by the
staff of the regional muskrat control programme. The
animals are trapped twice a year in spring and
autumn.

Voles and muskrats were tagged (date and place of
capture) and stored at —20 °C until further use. At post
mortem the animals were sexed and weighted. Muskrat
population was divided into adult and sub-adult
(Pankakoski, 1980).
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At necropsy, liver and abdominal viscera were
examined visually for the presence of cystic lesions.
Identification on E. multilocularis infection was based
on gross and microscopical appearance of lesions.
However in the case of very small, atypical or calcified
liver lesions, the method of choice for identifying E.
multilocularis was a PCR technique (Gottstein et al.,
2001). In the present study, the slightly modified inner
primer EM H15-H17 was used (Dinkel et al., 1998).

2.4. Statistical analysis

The prevalence of infection was estimated with a
95% confidence interval (95% CI) assuming a binomial
exact distribution. Trends of prevalence in foxes and
muskrats were compared by using Spearman’s rank
correlation. The potential influence of sex, and season
(only in foxes), and age on the carriage of the infection
in red foxes and rodents was assessed. Statistical
analysis of these data was done using a Chi square
(Chi®) test and the trend for a parameter toward risk
factors was evaluated by mean of odds ratio with 95%
confidence interval; a P value < 0.05 was considered as
significant. The possible relationships between age and
time of collection of foxes and between the levels of
infection with E. multilocularis in muskrats foxes in the
different geographical area were assessed by a Cochran-
Mantel-Haenszel (CMH) method (ORMH). This test
was distributed as a Chi square test with respectively
two free degree (age and time of collected foxes) and
one free degree (muskrat and foxes infections). The
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Breslow-Day test was used to evaluate the homogeneity
of the odds ratios.

3. Results
3.1. Examination of foxes

The number of foxes collected from the different
region varied considerably according to fox population
but also and mainly according to the hunters’
participation in the survey.

Nevertheless, the parasitological results will be
presented according to the different geological areas of
Wallonia.

In the 990 foxes examined during this study, the
average rate of infection with E. multilocularis was
24.55% (22.38-27.87).

Differences were observed among the different
natural regions (Fig. 1). In the southern high plateau,
prevalences varied from 33.8% (26.1-42.2) (48/142) to
40.84% (34.2-47.8) (87/213) in the Belgian Lorraine
and in the Ardennes respectively. Surprisingly, the
highest prevalence was recorded in the Fagne-Famenne-
Calestienne (61.8% (43.6—77.8) (21/34)). Furthermore,
the lowest prevalences were recorded in the Condroz
(24.86% (18.7-31.8) (45/181)) and in the Hesbaye area
(10% (7.3-13.3) (42/420)) where altitude is under
100 m above the sea level.

A preliminary evaluation indicated that the gender of
foxes had no effect on the prevalence (females: 43.81%
(n =435); males: 56.19% (n=559); Chi’=3.21, P=

160
Kilometres.

Fig. 1. Hanosset Echinococcus multilocularis in Belgium: prevalence in red foxes (Vulpes vulpes) and in different species of potential intermediate
hosts. Prevalence of E. multilocularis carriage by the red fox (Vulpes vulpes) in the geological areas of Wallonia (2003—2004). The diameter of the
circle is proportional to the number of examined foxes in a given place whereas the proportion of positive samples is indicated in black.
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Table 1
Percentage of E. multilocularis infection in the different species of
microtines trapped in the study area

Species NJNp* Percentage of
infection (95% CI)°

Apodemus sylvaticus 0/55 0 (0-5.3)

Arvicola terrestris 0/2 0 (0-78)

Clethrionomys glareolus 1/23 4.3 (0.1-21.9)

Microtus arvalis 1/914 0.11 (0.003-0.61)

Microtus agrestis 0/39 0(074)

Sorex araneus 0/216 0 (0-1.38)

Total 2/1249 0.16 (0.02-0.58)

% N Number of tested animals, Np: number of positive animals.
® The 95% confidence interval (binomial exact).

0.074). In the summer and the autumn, foxes were
significantly more often infected than in the winter and
in the spring (Chi* = 4.92, P = 0.03) (OR: 1.4 (95% CI:
1.04-1.98)) and prevalence rates differed significantly
in function of the age of foxes (Chi2 =12.52,
P =0.002). Sub-adults (OR: 5.12 (95% CI: 1.93-
13.58)) and adults foxes (OR: 3.73 (95% CI: 1.59-
8.72)) were significantly more often infected than cubs.
The possible relationship between the age of foxes and
the time of collection was made, using the CMH test. In
fact the age of animals was found to be a confounding
factor for the season because the crude OR was higher
than the OR calculated for each age stratum: cubs
(OR: 0.52 (95% CI: 0.06-4.76)), sub-adults (OR: 0.73
(95% CI: 0.16-3.39)), and adults (OR: 4.00 (95% CI:
1.00-1.96)).

3.2. Examination of rodents
Between March 2003 and September 2004, 1249
rodents were trapped in a highly endemic area (more or

less 60% according to previous surveys carried out in
the same area). The distribution of species and the

Table 2

numbers of E. multilocularis infected rodents are given
in Table 1. Only one C. glareolus and one M. arvalis
were found to be infected by the metacestode of E.
multilocularis (0.16% (95% CI: 0.02—0.58)). The cysts
measured between 5 and 20 mm in diameter. They
contained numerous protoscolices.

In contrast, 11.18% (95% CI: 9.72—-12.76) of the
1718 muskrats were carrying the metacestode of E.
multilocularis. In agreement with the results in red
foxes, differences were observed between the different
geological areas of Wallonia (Table 2). The gender of
the animal had no effect on the infection (Chi2 =0.04,
P =0.84). However the prevalence in the sub-adult
muskrats was lower than in adult animals (Chi2 =20.32,
P =6.56E°).

The percentage of infected foxes and the percentage
of infected muskrat are statistically highly correlated
(Spearman’s rank correlation coefficient=1; P <
0.0001). Moreover all percentages observed in foxes
are higher than those observed in muskrat whatever the
natural area (Chiz; P < 0.0001). In foxes, the percen-
tage of infection observed in Hesbaye and in Fagne-
Famenne natural areas are respectively significantly
lower (Chiz; P < 0.001) and higher (Chiz; P =0.02)
than the others. In muskrat, the percentage of infection
observed in Hesbaye and both in Fagne-Famenne and
Ardenne natural areas are respectively significantly
lower (Chi*; P=0.001) and higher (Chi* P = 0.005)
than the others.

4. Discussion

As described in most European countries, a
spectacular increase in the distribution and density of
red foxes occurred in Belgium during the last two
decades. This increase could be explained by a
reduction in the mortality rate due to an intensive
campaign of vaccination against rabies (oral baits), the

Prevalence of E. multilocularis carriage in the red fox (Vulpes vulpes) and the muskrat (Ondatra zibethicus) in the different geological areas of

Wallonia (2003-2004)

Natural area Foxes N/N," Percentage of infected Muskrat Percentage of infected
foxes (95% CI)° NJ/N,* muskrat (95% CI)°
Hesbaye 42/420 10 (7.3-13.3) 13/644 2.02 (1.08-3.43)
Condroz 45/181 24.86 (18.7-31.8) 15/227 6.61 (3.75-10.66)
Fagne-Famenne 21/34 61.8 (43.6-77.8) 80/347 23.06 (18.73-27.85)
Ardenne 87/213 40.84 (34.2-47.8) 65/320 20.31 (16.04-25.14)
Belgian Lorraine 48/142 33.8 (26.1-42.2) 19/180 10.56 (6.47-15.99)
Total 248/990 24.55 (22.38-27.87) 192/1718 11.18 (9.72-12.76)

% Ng: Number of tested animals, N,: number of positive animals.
® The 95% confidence interval (binomial exact).
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opportunist behavior of the red foxes and the nature
conservation measures (Vervaeke et al., 2003). This
work confirms a previous study (Losson et al., 2003)
which indicated that E. multilocularis was widely
distributed in Wallonia where environmental conditions
are suitable for the establishment of the life cycle. The
prevalences decrease from the South-Eastern part to the
North-Western part of the region and this is probably
related to the altitude (which decreases from the east to
the west). However sporadically hyperendemic foci
were recorded in the different investigated geological
areas. Indeed heterogeneous spatial distribution pat-
terns appear to be a particular epidemiological feature
of the parasite (Tackmann et al., 1998) and this is due to
the highly aggregated nature of the infection pressure
(Morgan et al., 2004). This could, at least in part,
explain the very high prevalence in Fagne-Famenne
(61.8%). The present results indicate that adult foxes
exhibit a lower prevalence as mentioned previously and
this could be due to the induction of a specific immune
response to the parasite or to variations in infection
pressure (Torgerson, 2006). The present study when
compared to another one dealing with the same parasite
and performed in the same region of Belgium (Losson
et al., 2003) seems to indicate a wider parasite
distribution particularly in the low land. This phenom-
enon could be related to the migration of infected red
foxes to new places potentially suitable to the
establishment of the life cycle. This was recorded in
Flanders (Northern part of Belgium) (Vervaeke et al.,
2003). In Belgium the only available data were dealing
with the carriage of E. multilocularis by the red fox
(Losson et al., 2003; Vervaeke et al., 2003). In particular
the role of microtine rodents and other potential
intermediate such as the muskrat (Borgsteede et al.,
2003) is unknown. In several studies highly endemic
areas were usually associated with large population of
different rodent species and specific climatic and
environmental conditions (Giraudoux et al., 1997).
Taking into account a high level of infection in red foxes
(61.5%), high rainfalls (1176.15 £ 84.67 mm/year) and
the presence of pastures favorable for the common voles
(M. arvalis) and water vole (A. terrestris) (Giraudoux,
1991) which are considered as major intermediate host
in Western and Central Europe (Eckert et al., 2001), it
was surprising to find only 0.16% of small rodents to be
infected with the metacestode. However only 2 animals
out of 1249 belonged to the species A. terrestris. This
was probably due to the type of traps used in the present
study.

Nevertheless, the low level of infection in M. arvalis
(1/914, i.e. 0.11%) would suggest that the species plays

a minor role in the life cycle of E. multilocularis in the
selected area. Alternatively the low prevalence rate in
the species could be due to a high parasite-induced host
mortality resulting in low observed prevalences in this
host. In contrast a high level of infection (11.7%) was
found in the muskrat with a good correlation (OR:
3.4495 (95% CI: 2.6947-4.4159)) between the pre-
valence in foxes and in muskrats in each of the different
geological regions (Table 2). In fact, this species could
be considered as a good bioindicator in the investigated
tool territory. The survival of the eggs of E. multi-
locularis is dependent on the climatic conditions
(Staubach et al., 2001) more particularly rainfalls and
humidity. The humid soil conditions may be favorable
for the persistence of the parasite and these suitable
habitats are occupied by the muskrat. Additionally this
species has a longer life span than the microtines and the
percentage of infection was higher in the adults than in
the juveniles. Different hypotheses can explain this
observation. In Echinococcus granulosus infected
intermediate hosts there is no evidence of parasite-
induced immunity (Torgerson and Heath, 2003).
Additionally, the growth of the metacestode of E.
multilocularis in the rodent tissues requires a minimum
of 24 months before the production of protoscoleces
(Eckert et al., 2001). Under natural conditions the
muskrat is probably not a common prey for the red fox.
Other studies in France (Boussinesq et al., 1986), the
Netherlands (Borgsteede et al., 2003) and Germany
(Baumeister et al., 1997) reported the presence of E.
multilocularis in the muskrat but at lower prevalences.
In Belgium, the muskrat are trapped by professional
team and the cadavers are left on river banks. In such
conditions, freshly killed muskrats are available for the
red foxes and then could play locally a major role in the
life cycle maintenance. Studies are planned to verify
this hypothesis. In conclusion this study confirms the
wide distribution of E. multilocularis in Belgium
although the carriage by the red fox varies widely
from one place to another. The common vole (M.
arvalis) did not seem to play a significant role as
intermediate host. In contrast the muskrat is highly
sensitive and could perhaps represent a good bioindi-
cator when studying the epidemiology of this parasite
infection in Belgium and elsewhere.
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