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Surveillance for the fox tapeworm, Echinococcus
multilocularis, has been carried out in Sweden since
2000, with about 300 red foxes analysed annually. We
report the first finding of E. multilocularis in Sweden,
in a fox shot in December 2010 in the south-west of the
country. A second infected fox shot in the same loca-
tion was detected in March 2011. This paper describes
the national monitoring programme and the ongoing
work to estimate the prevalence and spread of the
infection.

Detection of Echinococcus multilocularis

in red foxes in Sweden

In February 2011, E. multilocularis was detected for
the first time in the south-west of Sweden, in a red
fox (Vulpes vulpes) shot in December 2010. A second
infected fox, shot in the same location, was detected
in March 2011.

Background

E. multilocularis is endemic in large parts of Europe
and has been increasingly reported in animals from
countries near Sweden, such as Latvia, Estonia and
Denmark [1-4]. Although a rare disease in humans,
it is of considerable public health concern due to its
high mortality if untreated as well as high treatment
costs [5]. In Sweden, infection with E. multilocula-
ris in humans and all animal species are notifiable.
Due to detection of the parasite in foxes in Denmark
in 2000, a surveillance programme was initiated in
Sweden in the same year. The surveillance is designed
and implemented by the National Veterinary Institute
and financed by the Board of Agriculture. It makes
use of hunters submitting foxes for examination on a
voluntarily basis, against a small remuneration. From
2000 to 2009, a total of 2,962 red foxes (Vulpes vul-
pes), 68 raccoon dogs (Nyctereutes procyonoides)
and 35 wolves (Canis lupus) were examined for
E. multilocularis: all were negative [6]. Samples from
most foxes (n=2,675) were examined by ELISA for the
presence of the E. multilocularis coproantigen [7] and
the rest, plus those from which samples were ELISA
positive, were examined using the sedimentation and
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counting technique (SCT) (n=726) [8]. The raccoon
dogs and wolves were examined by SCT. Since 2000,
a total of 6,455 hunted foxes have been submitted for
E. multilocularis analysis.

Surveillance in 2010

During 2010, 304 foxes were examined for
E. multilocularis. A total of 103 were tested by SCT and
201 by taeniid egg isolation and real-time PCR. One
fox, analysed in February 2011, was found to be posi-
tive — a young female, shot in December 2010 in Vdstra
Gotaland county, in south-west Sweden (Figure). A fae-
cal sample from the fox was examined by egg flota-
tion [9] followed by detection of egg DNA by real-time
PCR, using an in-house protocol. The result was con-
firmed by conventional PCR [9] followed by sequenc-
ing. Furthermore, the intestine of the fox was examined
by SCT and the parasites present were identified as
E. multilocularis, both morphologically and by detec-
tion of parasite DNA by real-time PCR and sequencing.
Although no formal counting of all worms was done, it
was estimated that the animal harboured more than
500 tapeworms. Of the remaining 303 foxes found to
be negative, 54 originated from the same county.

Surveillance in 2011

After the positive finding in February 2011, the sam-
pling of foxes was intensified. In the south-western
part of Sweden, hunters were requested to submit
approximately 10 foxes per municipality in the 93
municipalities in the four counties (Skane, Blekinge,
Halland and Vistra Gotaland), and four foxes from
each of the remaining 197 municipalities in other parts
of Sweden. This intensified sampling ceased with the
end of the hunting season (i.e. between 28 February
and 31 March, ending at the earlier date in the south).
By 31 March 2011, a total of 3,189 foxes had been sub-
mitted for screening. This sample size is sufficient to
detect a prevalence of 0.1% on a country basis, with
approximately 95% confidence. The intestines of the
foxes were examined by the segmental sedimentation
and counting technique (SSCT), which is more cost-
effective compared with SCT, but still has a very high



sensitivity [10]. A total of 1,140 foxes had been ana-
lysed for E. multilocularis by 31 March 2011: one addi-
tional fox was found to be positive, an adult female,
shot in early March in the same location and by the
same hunter as the first infected fox (Figure).

In addition to surveillance of foxes, faecal samples
are being collected from 140 hunting dogs in the four
municipalities around the parish where the infected

FIGURE

Geographical distribution of all georeferenced® foxes shot
in Sweden and analysed for Echinococcus multilocularis,
1 January-31 March 2011 (n=1,025)
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The circle indicates the location where the two E. multilocularis-
positive foxes were shot: one in December 2010 and one in March
2011. The lines indicate the county boundaries.
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foxes were shot, and surveillance in rodents will be ini-
tiated once the snow cover has melted.

Discussion

It is not yet known how and exactly when
E. multilocularis was introduced into Sweden. However,
considering the frequency of dog movements between
Sweden and countries in Europe where the parasite is
present, it is regarded as most probable that it was
introduced by a dog, despite the legal requirement to
deworm dogs before entering the country. Assessments
of the risk of introducing E. multilocularis into Sweden
and the United Kingdom have highlighted dog move-
ment as a risk factor [11,12]. An event that further sup-
ports this hypothesis is the introduction in 2003 of
another dog-borne parasite (non-zoonotic), the French
heartworm (Angiostrongylus vasorum) on the coast of
Vdstra Gotaland county, where E. multilocularis has
now been found [13]. This is similar to the situation in
Denmark, where E. multilocularis was first found in the
area where A. vasorum had been introduced some dec-
ades earlier (unpublished data). This emphasises the
need for efficient methods to prevent introduction of
the parasite to other E. multilocularis-free countries.

After the identification of E. multilocularis in Sweden,
deworming of dogs and cats has been recommended
by the authorities in the four municipalities surround-
ing the location where the positive fox was shot. These
recommendations also apply to dogs and cats entering
and leaving this area. Guidance regarding safety pre-
cautions has been issued to hunters handling foxes,
in line with recommendations given in other countries
where E. multilocularis occurs [14].

At present, the geographical extent of E. multilocula-
ris infection is not known. However, the fact that there
were two positive foxes in the same location indicates
that this may not be merely a place to which the foxes
had wandered and that it may harbour intermediate
hosts. The ongoing surveillance is expected to provide
more information once up to 3,000 foxes have been
examined by early summer this year, and once the dog
and rodent screenings have been finalised. However,
as the prevalence of E. multilocularis infection may be
very low, extensive sampling may be needed to define
the affected area.

Conditions for the establishment of E. multilocularis in
Sweden are likely to be favourable: the climate is tem-
perate, allowing worm eggs to survive in the environ-
ment for extended periods, and rodents reported to be
intermediate hosts of the parasite — such as the water
vole (Arvicola amphibius (terrestris) and the bank vole
(Myodes glareolus) — are prevalent. Furthermore, in
the northern parts of Sweden, other known intermedi-
ate hosts such as muskrats (Ondatra zibethicus) and
lemmings (Lemmus lemmus) are present. The surveil-
lance of rodents is aimed at clarifying which species
in Sweden are intermediate hosts. Future actions will
depend on the results of the surveillance efforts.
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