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Summary

Nucleotide sequencing of the mitochondrial cytochrome ¢
oxidase subunit 1 (CO1) gene and isoenzyme analysis we-
re used to survey the genetic variability in Echinococcus
multilocularis populations from Slovakia. A sample of 12
isolates acquired from 10 different districts from red foxes
exhibited identical sequences. Compared with the previou-
sly described E. multilocularis variants, one base substitu-
tion was consistently observed relative to the M1 variant
(detected in China, Alaska, North America, Japan) and
three base substitutions were recorded relative to the M2
variant (detected in Germany) in the CO1 fragment. These
data, along with the recently gathered data from French
isolates, are indicative of a genetically unique population
occurring in Central and Western Europe. Electrophoretic
examination of enzymes produced by 14 gene loci revealed
intraspecific polymorphism only with the glucose-phos-
phate isomerase (two distinct patterns) and the mannose-
phosphate isomerase (four genotypes composed of three
alleles) enzyme systems. To allow a fast species different-
tiation of E. multilocularis and E. granulosus (specifically,
the G7 genotype occurring in Slovakia), discriminative
electrophoretic characters between the species were obtain-
ed by isoenzyme analysis. Fixed genetic differences bet-
ween the species were detected in the glucose-phosphate
isomerase, esterase and aldolase systems, and partial dif-
ferences were detected in four additional systems.
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Introduction
Human alveolar echinococcosis is caused by the larval sta-
ge of the small endoparasitic tapeworm Echinococcus mul-

tilocularis. The parasite is of great public health concern as
it may cause severe and even lethal disease in humans.
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Recent surveys in Europe have extended the known geo-
graphical distribution of E. multilocularis to a contiguous
area stretching from south-central Europe (northern Italy,
central France) to northern parts of Europe covering Den-
mark, Lithuania and Estonia (Gawor et al., 2004; Svobo-
dova et al., 2004; Moks et al., 2005; Duscher et al., 2006;
Romig et al., 2006; Saced et al., 2006). In Slovakia, the
parasite was detected for the first time in 1999 (Dubinsky
et al., 1999), and is abundant especially in the northern
parts of the country, with an overall prevalence in red fo-
xes as high as 37.6 % in 2005 (Miterpakova, personal com-
munication). Since 2000, six cases of autochthonous alveo-
lar echinococcosis in humans have been reported in the
Zilina, PreSov and Banska Bystrica counties in northern
and central parts of Slovakia where high occurrences of .
multilocularis in foxes were continuously found (Kince-
kova et al., 2002, 2004). Coupled to its growing epidemio-
logical importance are new endemic areas of the parasite in
western and southern parts of Slovakia as well as the in-
creasing presence of foxes in urban areas (Miterpakova et
al., 2006). The development of new methods to enhance
the knowledge of parasite transmission patterns is therefore
of great interest.

In contrast to the Echinococcus granulosus complex which
comprises several designated strains and species, a high
degree of genetic uniformity is characteristic for E. multi-
locularis. Although some data pertaining to differences in
morphology, virulence, antigen expression and develop-
mental characteristics have been described among E. multi-
locularis isolates, only a limited genetic variation has been
detected within the species (Bart et al., 2003). Isoenzyme
methods have proven useful particularly in investigations
of population structures and breeding systems of parasites
(Andrews & Chilton, 1999). To our knowledge, isoenzyme
analysis of the E. multilocularis genetic composition has
only been employed in a study of McManus and Smyth



(1979) who compared enzyme profiles of E. granulosus
(sheep and horse strains) and E. multilocularis (isolates
from cotton rats). No attempts have been made to investi-
gate the intraspecific allozyme-based variability of species.
For assessing genetic variants and the nature of repro-
duction in Echinococcus parasites, mitochondrial protein-
coding genes have often been targeted due to their relati-
vely rapid rate of evolution and high degree of conser-
vation within lines (e.g., Bowles et al., 1992; Haag et al.,
1999; Nakao et al., 2003)

The current study was designed to characterize Slovak ta-
peworms according to previously described variants and to
further analyze the genetic diversity of E. multilocularis at
the regional and local levels in Slovakia by means of iso-
enzyme (nuclear genes) and DNA (mitochondrial gene)
methods. In addition, distinguishing electrophoretic cha-
racters for E. granulosus (pig strain) and E. multilocularis,
were provided in the study, enabling a fast species diag-
nosis.

Material and Methods

Red foxes infected with E. multilocularis (Em) were cap-
tured in 19 districts of Slovakia. Adult worms of Em were
collected from the small intestines of naturally infected red
foxes by a sedimentation and counting technique (SCT)
(Rausch et al., 1990). Parasites were washed in phosphate-
buffered saline (PBS) (pH 7.3), and isolates were subse-
quently either fixed in 70 % ethanol for further DNA ana-
lyses in cases of low worm burdens (10 — 100 worms), or
frozen at —72°C for isoenzyme analyses when higher worm
burdens were found. As reference material, larval stages
(protoscolices) of E. granulosus (Eg) were obtained from
hydatid cysts from a Slovak pig.

DNA extraction was performed by standard procedures
using a Wizard Genomic DNA purification kit (Promega).
A fragment of the mitochondrial cytochrome ¢ oxidase su-
bunit 1 (CO1) gene was amplified using primers described
by Bowles et al. (1992), formerly designed for Fasciola
hepatica (Garey & Wolstenholme, 1989). The primers had
the following nucleotide composition: Forward - 5'TTT
TTTGGGCATCCTGAGGTTTAT3’; Reverse - S TAAAG
AAAGAACATAATGAAAATG-3". PCR reactions were
performed in a total volume of 50 pl under the following
cycling conditions: initial denaturation step 94°C for 5 min
followed by 35 cycles, 94°C for 30 s, 55°C for 60 s, and
72°C for 60 s. PCR products were electrophoresed through
1.5 % agarose gels and detected by ethidium bromide
staining. Amplicons were purified using the Geneclean II
Kit (Biol01, Inc.), directly sequenced using the BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems) on
an ABI Prism 3700 DNA Analyzer (Applied Biosystems).
Obtained sequences were aligned with the published
sequences of COl for Echinococcus parasites using
CLUSTAL W (Thompson et al., 1994).

For isoenzyme analysis, 112 samples (200 — 1000 adults of
Em; up to 0.5 g of Eg protoscolices for each isolate) were
crushed in an equal volume of distilled water. Homoge-

nates were centrifuged at 10 min at 12 000 g and superna-
tants were further analysed by an isoelectrofocusing (IEF)
technique using the Multiphor II Electrophoresis System
equipped with a MultiTemp III Thermostatic Circulator
(Amersham Biosciences). Enzyme extracts were applied in
a volume of 15 pl onto Ampholine PAG plates (Amersham
Biosciences) with pH ranges of 3.5 — 9.5 and 4.0 — 6.5 at 1
cm from the cathode and subjected to electrophoresis for
1.5 h (broad pH range) or for 2.5 h (narrow pH range). Fol-
lowing electrophoresis, gels were stained for various en-
zyme systems using methods modified from Murphy et al.
(1996) and Turcekova et al. (2003), in consideration of re-
commendations of McManus and Smyth (1979) regarding
Echinococcus parasites (when identical enzymes were test-
ed). Histochemical reagents were applied in the 1.2 % agar
overlay, except esterase (EST) and glutamate-oxaloacetate
transaminase (GOT) enzymes.

Soluble parasite extracts yielded good resolution and suffi-
cient staining intensity in the following systems: adenylate
kinase (AK, EC 2.7.4.3), aldolase (ALD, EC 4.1.2.13), es-
terase (EST, EC 3.1.1.1), fumarate hydratase (FUMH, EC
4.2.1.2), glycerophosphate dehydrogenase (GPD, EC 1.1.1.
8), glucose-phosphate isomerase (GPI, EC 5.3.1.9), gluta-
mate-oxaloacetate transaminase (GOT, EC 2.6.1.1), hydro-
xybutyrate dehydrogenase (HBDH, EC 1.1.1.30), malate
dehydrogenase (MDH, EC 1.1.1.37), mannose-phosphate
isomerase (MPI, EC 5.3.1.8), peptidase A with leucine-ty-
rosine substrate (PEP-A, EC 3.4.11.1), peptidase D with
phenylalanine-proline substrate (PEP-D; EC 3.4.13. 9), and
phosphoglucomutase (PGM, EC 5.4.2.2). At each locus,
presumed isoenzymes were labelled numerically, accord-
ing to the mobility relative to that of the most common
signal (which was assigned a mobility value of 100).

Results

DNA analyses

Partial sequences (354 bp) were obtained from E. multi-
locularis (Em) and E. granulosus (Eg) for the CO1 gene
directly from the PCR products and were aligned with the
sequences previously detected for the M1 and M2 variants
of Em. Of the sequenced 12 Em isolates sequenced, 5 ori-
ginated from Central Slovakia, 4 from Western Slovakia
and 3 from Eastern Slovakia, with 11 districts involved as
a capturing site of respective red foxes. All Em isolates
possessed fully identical COI sequences, differing at one
(0.3 %) nucleotide site (position 65; A — G transition) from
the M1 variant and at three (0.8 %) sites (positions 3, 43,

Table 1. Variable sites of E. multilocularis within the examined part
of the CO1 gene

Nucleotide position #3 #43 #65
Slovak isolates (DQO013305) A C A
French isolates* A C A
M1 variant (M84668) A C G
M2 variant (M84669) G T G

* published by Boucher et al. (2005)
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and 65) from the M2 variant (Table 1). All detected sub-
stitutions corresponded to transitions-type mutations. In the
analyzed fragment, Slovak isolates shared all sequences
with the two French isolates from wild boar published by
Boucher ef al. (2005). A representative sequence of the Em
in Slovakia was deposited in GenBank under the acces-
sion no. DQO13305. Compared to the Eg isolate (con-
firmed as bearing the G7 genotype), the examined Em
isolates differed at 9.9 % of positions.

Isoenzyme analysis

Among the 13 enzymes examined for the Em isolates, one
major invariant band of activity was detected in ALD,
EST, GOT, FUMH, PEP-A and PEP-D enzymes. For ALD
and FUMH, a prominent band was in most cases accompa-
nied by fainter bands attributable to secondary isoenzymes.
Three clustered zones of activity were seen with HBDH in
the anodal zone of the gel. For GPD, double- or three-
banded phenotypes with faint signals were found. The ap-
pearance of a third band in this enzyme was presumed to
be associated with differences in enzyme activity among
samples rather than with genetically induced variation. AK
was characterized by an intense band located behind the
start and two faster bands being more distant from each
other, but remaining at the cathodal end of the gel. MDH
produced three major isoenzymes placed across a broader
zone of gel, followed by secondary isoenzymes, but inva-
riant between the Em samples. PGM generated three-band-
ed patterns, in which the anodal electromorph was less ac-
tive compared with the two slower electromorphs. Genetic
polymorphism in Em samples from Slovakia was consis-
tently detected only in two enzyme systems, MPI and GPI.
Variation in MPI was interpretable in a genetic context,
allowing us to establish an allelic profile for each sample.
Double-banded phenotypes in heterozygotes corresponded
to monomeric enzyme systems (Fig. 1). Three alleles attri-
butable to four genotypes were recorded in the examined
sample. The homozygous genotype 100/100 was expressed
in 4 isolates, 2 samples of which originated from the Pre-
Sov district (Eastern Slovakia, ES), 1 sample from Snina
(ES) and 1 sample from Liptovsky Mikulas (Central Slova-
kia, CS). In 1 isolate, a presumed homozygote 102/102
was manifested (Presov, ES). Heterozygous genotypes we-
re those of 100/102, detected in 2 isolates (Presov, SpiSska
Nova Ves, both ES), and 100/103 being manifested in 1
isolate (Sabinov, ES). In addition, a three-banded pattern
resolved in 1 isolate acquired from a fox shot in the Presov
district (ES) was indicative of multiple infection with mo-
re than one genotype. Within scored isolates, the allele 100
was predominant (frequency of 0.69), the allele 102 had a
frequency of 0.25, and the rare allele 103 was registered
only in the heterozygous form and in a multiple infection
(frequency of 0.06). For this enzyme, only 9 samples were
adequately resolved due to a weaker MPI activity
expressed in the Em samples. Sufficient signal intensity
was obtained only from isolates containing at least 600 —
700 specimens derived from foxes stored for a shorter pe-
riod (1 — 2 weeks) prior to dissection. In GPI, 2 distinct
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Fig. 1. Zymogram of mannose-phosphate isomerase (MPI) for E.
multilocularis isolates from red foxes in Slovakia. Lane 1, genotype
100/100 (Presov, ES); lane 2, genotype 100/100 (Snina, ES); lane 3,
genotype 100/103 (PreSov, ES); lane 4, genotype 100/100
(Liptovsky Mikulas, CS); lane 5, genotype 100/102 (Spisska Nova
Ves, ES)

GPI
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Fig. 2. Zymogram of glucose-phosphate isomerase (GPI) for E.
multilocularis isolates from red foxes in Slovakia. Lanes 1, 2,
isolate from Zvolen (CS); lane 3, Nitra (WS); lanes 4, 5, KoSice
(ES); lane 6, Cadca (CS); lane 7, Levice (WS); lanes 8, 9, PreSov
(ES); lanes 10, 11, Dolny Kubin (CS); lane 12, Trenéin (WS)

profiles were detected in Em samples under examination
(Fig. 2). Triple-banded phenotypes were characteristic for
both profiles, with two bands shared between phenotypes,
and one band found as unique in both cases. A dominant
profile 1 was ascertained in 17 isolates. The two slower
isoenzymes were of stronger intensity and an additional
anodal isoenzyme was less intense. Of the three major
bands recorded in profile 2 (samples Nos 7, 8; Fig. 2), one
band has migrated more anodally compared with profile 1.
In addition, a central band was prominent and peripheral
bands were of weaker intensity in profile 2. This pheno-
type was recorded in 3 isolates, originating from Cadca
(CS), Bardejov (ES), and Levice (Western Slovakia, WS).
Sub-bands backward (cathodal) of major isoenzymes have
occasionally appeared in both profiles.

When comparing the Em and Eg (pig isolates) electropho-
retic profiles, identical patterns for major staining bands



were found with the GOT, FUMH, PEP-A and PEP-D en-
zymes. The main electromorphs presumed to be associated
with major isoenzymes are given in Table 2. Partial differ-
rences between the two species were recorded in AK,
PGM, GPI and MPI. For PGM the two bands were shared
between Em and Eg, and a third band was unique, in Eg
located more cathodally. In AK, one of the weaker signals
was absent in Em relative to Eg. In MPI, apart from the
two common bands between the species under survey, a
dominant allele in Em (100) was not found in Eg. No ac-
tivity was seen in HBDH and GPD in Eg (unlike Em) in
the examined isolates.

Presumed fixed differences (when no signal was common)

Table 2. Major isoenzymes detected in E. multilocularis and
E. granulosus (G7)

Enzyme EM EG
MPI 100 102
102 103
103
GPI 97 99
100 102
103 105
100
103
106
EST 101 100
102
105
107
111
ALD 100 80
PGM 100 98
102 100
104 102
MDH 100 97
103 100
106 103
AK 100 100
109 105
109
GOT 100 100
FUMH 100 100
PEP-A 100 100
PEP-D 100 100
GPD 100 -
101
102
HBDH 100 -
101
103

EM, E. multilocularis; EG, E. granulosus, G7

between Eg and Em were indicated with the GPI, EST and
ALD systems. In GPI, the positions of major isoenzymes
in both profiles (mobility values of 97, 100, 103, 106) for
Em differed slightly relative to Eg (99, 102, 105). In EST,
the two loci seemed to be responsible for patterns observed
in Eg for which four bands were displayed at the Est-2 lo-
cus, and one anodal band was detected at Es¢-1. In contrast,
only one differently located band of activity was seen in
Em at Est-2 compared with the Eg electromorphs. For
ALD, a diffuse band in the cathodal zone was expressed in
Eg, whereas Em displayed a faint band resolved closer to
the anodal end.

Discussion

The present study revealed a slight DNA variation among
E. multilocularis isolates from Slovakia and previously
described species variants by analysis of fragments of the
mitochondrial genes. A low degree of polymorphism of the
Slovak E. multilocularis population was detected by isoen-
zyme analysis, with the two enzymes exhibiting variable
profiles. Major factors that contribute to the low genetic
variation of E. multilocularis (compared with E. granulo-
sus organisms) are likely attributable to the facts that the
species is phylogenetically young and is restricted to the
conserved host spectrum involving mobile major definitive
and intermediate hosts (foxes, rodents), which provides an
extensive gene flow within parasite populations.

Limited sample sizes, low detected variation and/or sensi-
tivity of the employed methods have often precluded infe-
rences concerning epidemiological significance of genetic
data gathered for E. multilocularis. In previous studies, the
most genetically differentiated population within species
seems to be that originating from St. Lawrence Island in
the Bering Sea between Alaska and Siberia (Haag et al.,
1997; Rinder et al., 1997). These authors presented data
from analyses of non-coding Hbx2 and coding 18S re-
gions, which revealed consistent differences between sam-
ples from this island compared to samples from Europe,
Japan, Canada, and continental Alaska.

Analyses of segments of mitochondrial genes for cytochro-
me ¢ oxidase subunit 1 (CO1) and NADH dehydrogenase
subunit 1 (ND1) have been successfully applied to identify
a given Echinococcus isolate as belonging to a particular
genotypic/species group (Bowles & McManus, 1993; Mc
Manus & Thompson, 2003). For E. multilocularis, Bowles
et al. (1992) and Bowles and McManus (1993) formerly
detected differences in the two nucleotides between human
isolates from China, Alaska and North America (the group
designated as the M1 variant) and isolates from naturally
infected rodents from Germany (the M2 variant) in partial
COl1 and NDI genes. Later, Okamoto et al. (1995) identi-
fied CO1 sequences fully corresponding to the M1 variant
in five isolates from Japan and one isolate from St. Law-
rence Island. In our study, Slovak isolates sequenced in the
COl gene differed at one nucleotide base from the M1
variant (the 0.3 % difference value) and in three bases from
the M2 variant (the 0.8 % difference). The M2 variant de-
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tected in a German rodent isolate by Bowles et al. (1992)
had likely occurred only over a limited territory and had
not been spread into a broader region of central Europe.
Consistent differences observed in the examined Slovak
sample, associated with one/three bases compared with the
remaining isolates tested before at the CO1 locus, are sug-
gestive of a genetically unique population circulating in the
region. Furthermore, the identical sequences of the Slovak
isolates and the French isolates examined by Boucher et al.
(2005) indicate that this variant is present in a larger terri-
tory of west-central Europe, and is distinguishable from the
common M1 variant of E. multilocularis confirmed in the
western part of Asia and North America. This corresponds
to findings in neighbouring Poland by Kedra et al. (2000)
who obtained unique NDI1 sequences of four Polish
isolates that were more similar to the M1 variant (0.6 %
difference) than to the M2 variant (1.1 % difference).

To uncover genetically linked polymorphism, microsatel-
lite analysis provides a promising approach to circumvent
the high degree of genetic homogeneity in E. multilocu-
laris (Bart et al., 2003). By examining a microsatellite
upstream of the Ul snRNA gene complex, three different
profiles were detected in E. multilocularis; one pattern was
assigned to isolates from France, Switzerland, Germany
and Alaska; the second to Japan and Alaska, and the third
to Montana and Alaska (Bretagne et al., 1996). Given the-
se data, Rinder et al. (1997) pointed out the risk of over-
discrimination with such a highly resolving technique that
may skew the view about E. multilocularis genetic structu-
ring if not interpreted with caution. Later, two microsa-
tellite loci from a genomic library of E. multilocularis were
isolated which revealed a population-level polymorphism
in samples from Hokkaido (Japan), with minor heterozy-
gosities (10.6 % and 7.7 %) determined at both loci (Nakao
et al., 2003). Based on the allelic composition observed, a
few cases of multiple infections of foxes were also docu-
mented in the above report. In the current study, one case
of mixed infection was indicated (in a fox captured in
PresSov district) on the basis of the MPI pattern displaying
three alleles in one isolate. It is presumed that ingestion by
foxes of several infected rodents commonly occurs but that
the low genetic diversity of species has limited the possi-
bilities to detect such multiple infections.

Isoelectric focusing (IEF) is useful especially for typing by
isoenzyme analysis when slight differences between elec-
tromorphs cannot be clearly seen with standard electro-
phoretic techniques such as starch or cellulose acetate elec-
trophoreses (Allsopp et al., 1983; Piarroux et al., 1994).
The drawback of IEF is the propensity to detect post-ge-
netic modifications that may give rise to multiple forms of
enzymes due to factors such as side-chain cleavage, con-
formational alterations or aggregations, which can make
genetic interpretation difficult with some systems. A few
of the enzymes herein studied gave discrete resolution of
banding clusters, occasionally with slightly variant pro-
files between E. multilocularis isolates linked to additional
signals (GPD, ALD, FUMH, HBDH). This could be ascri-
bed to variation between activity and quality of samples,
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with displayed bands most likely representing products of
a single identical allele. Although the patterns were not
absolutely invariant with these enzymes, their identity was
readily discernible. Storage conditions were also taken into
account in interpretation of profiles given that secondary
isoenzymes are prone to be formed in the course of long-
term storage (Richardson et al., 1986).

The two enzyme loci that unambiguously produced poly-
morphic patterns in the E. multilocularis samples from Slo-
vakia were mannose-phosphate isomerase (MPI) and glu-
cose-phosphate isomerase (GPI). Predicted genetic basis of
the observed variation has been consistently seen with MPI
system. Five of the 9 positive samples resolved by MPI
originated from the PreSov district in Eastern Slovakia,
where the majority of the foxes with heavier worm burdens
had been collected (along with the Zilina county in Central
Slovakia at average 1870 specimens/fox), which enabled
detection with the generally weaker MPI activity. No out-
puts regarding Hardy-Weinberg equilibrium at the locality
could be estimated due to the small sample size being sco-
red. However, detection of three presumed heterozygotes
indicates that occasional outcrossing does occur in tape-
worms transmitting in the region. This is congruent with
the microsatellite-based evidence of heterozygosity seen in
the E. multilocularis population on Hokkaido (Nakao et
al., 2003). For the polymorphic GPI enzyme, the allelic
composition could not be inferred by the employed
technique and the resulting patterns were thereby scored by
the zymodeme approach according to Andrews and Chilton
(1999). In addition to the profile 1 (manifested by 17 iso-
lates), the unique profile 2 was found in three isolates ori-
ginating from different parts of the Slovak region (north-
eastern, north-central and south-western part of Slovakia).
No geographic delimitation was thus recorded for this
variant, which could be accounted for by the long-distance
movement of foxes implying unstable foci of the parasite.
Thirteen enzymes encoded by 14 putative gene loci were
surveyed in the present study. About 8.3 % of nucleotide
substitutions are detected by enzyme electrophoresis (Nei,
1987). Considering 1200 nucleotides in the coding region
of an average structural gene, electrophoresis should exa-
mine approx. 100 nucleotides per enzyme locus (Lymbery
& Thompson, 1991). As 14 loci correspond to studying
approx. 1400 nucleotides and only two loci were polymor-
phic in the investigated sample, the work provides further
support to the view of remarkable genetic uniformity in E.
multilocularis. At least six isolates were screened for every
enzyme system in the study.

The fast confirmation of species identity by electrophoretic
differentiation of E. multilocularis and E. granulosus is
particularly useful when juvenile stages of species (often
not distinguishable morphologically) are recovered from
the common host species in sufficient amount, and in case
of confirmation of mixed infections. Substantial variation
was detected between these taxa (for E. granulosus repre-
sented by the G7 genotype that is solely transmitted in cen-
tral-eastern Europe) by isoenzyme analysis, using which
four enzyme systems exhibited partial differences between



the species and three systems shared no common signal for
the two species. The fully diagnostic enzymes were those
of glucose-phosphate isomerase (GPI), esterase (EST) and
al-dolase (ALD). For diagnostic purposes, GPI appeared to
be the most convenient system; with EST and ALD faint
bands were resolved in Em and some isolates in both spe-
cies had not manifested a detectable enzyme activity.
Sheep and horse genotypes of E. granulosus, now regarded
as two separate species E. granulosus sensu stricto and E.
equinus, respectively (Thompson & McManus, 2002; Ro-
mig et al., 2006), were previously compared with E. mul-
tilocularis by the IEF technique in British isolates (McMa-
nus & Smyth, 1979). Among the tested enzymes, five sys-
tems were identical with those used in the current study
(GPI, PGM, MDH, AK, GPD). Similar banding patterns
for Em were documented in both studies, partially except
AK for which some anodal bands were not detected with
the Slovak isolates. Likewise, GPD gave no well-defined
E. granulosus band in our work. Profiles of GPI and ALD
similarly varied between the species. In British isolates a
fixed interspecific difference was recorded also with lac-
tate dehydrogenase (LDH). Instead, EST found to be
diagnostic in this study, was not examined by McManus
and Smyth (1979).

The present results provide a foundation for further genetic
analyses of E. multilocularis in western and central Euro-
pe, particularly by DNA sequencing and affiliated approa-
ches. To track a distribution of species variants herein
detected by CO1 analysis, the inclusion of more variable
genetic characters is stressed along with the recovery of
isolates covering wider contiguous area in Europe. Deeper
investigations into the putative role of the genetic diversity
in E. multilocularis may assist in better understanding of
the transmission of alveolar echinococcosis and evolution
of the species concerned.
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