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Abstract

Alveolar echinococcosis caused by metacestode stage of the tapeworm Echinococcus
multilocularis is considered as one of the most pathogenic zoonoses in temperate
and arctic regions. To more thoroughly ascertain genetic diversity in E. multilocularis
tapeworms from Europe and to indicate transmission patterns of parasite, 25 isolates
from a contiguous territory of eight European countries were subjected to sequencing
of mitochondrial and nuclear DNA. A total of 2 715 nucleotide sequences in nadl,
coxl, rrnS, atp6 and actll genes were screened in the current study. Whereas in 24
isolates profiles belonging to a previously described European clade were identified,
the interesting feature was related to the detection of the form being close to
North American strain N1 (that appeared to have lower zoonotic potential) in
Austrian patient. The known occurrence of this variant has thus extended from the
St. Lawrence Island in the Bering Sea and Russian isolates in Yakutia to central
Europe. The finding indicates that N1 genotype has not only circumpolar trans-
Beringian distribution, but during glacial events in Pleistocene a more southerly
fox dispersal has likely transmitted N1 into central Europe. Further distinguished
genotype was confined to four isolates from southern Germany (mountain range of
Swabian Jura) and had five substitutions compared to the main European form. One
Latvian isolate had two mutations in coxl, one of which was identical to German
isolates from Feldstetten. Single nucleotide polymorphisms were detected in single
isolates from Slovakia, Hungary and France in cox/ and actll genes. Lower genetic
diversity detected in the examined isolates in more peripheral zones of its European
distribution has supported Knapp’s model (2009) suggesting that parasite focus in
Europe is governed by “mainland-island” transmission where ancestral foci supply
hitherto non-endemic areas by dispersal generated by fox mobility and migration.
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AnHOTAIMSA

AJbBEOJIIPHBIN 3XMHOKOKKO3, BbI3BAHHBIN METALlECTOMHON CTaaueil JEHTOUHO-
ro uepBst Echinococcus multilocularis, cautaeTrcs OMTHUM M3 HauboJiee MaTOreHHBIX
300HO30B B YMEPEHHBIX 1 apKTUUYECKUX pernoHax. [1jist 6osee TIaTeIbHOTO OTpe-
JIeJICHUsI TEHETUIECKOTO pa3HOoOpas3us y IEHTOUHBIX YepBeil E. multilocularis ni3
EBponbl 1 1j1s BbISIBJIEHUsI XapaKTepa rnepeaadu rmapasuta 25 U30/5TOB ¢ Mpuie-
rarouieit TeppuTOpur BOCbMU €BPONENCKUX CTpaH MOABEPraiyu CEKBEHUPOBAHUIO
MUTOXOHIpuanbHOM U sinepHoit JIHK. B TexyieM uccinenoBannu ObLIO TTpOBEIE-
HO CKPUHUHT B 00LIEH CI0XKHOCTU 2715 HYKJIEOTUIHBIX MOCIEI0BaTEIbHOCTEN B
reHax nadl, coxl, rrnS, atp6 v actll. [lpyHUMast BO BHUMaHUe, 4YTO B 24 M30JATaxX
ObLIY ompeaesieHbl TPOoMWIIN, MMPUHAAIEXKAIINEe paHee OMMMCAaHHOM eBpOIECKOM
KJ1ajie, MHTepecHas 0COOEHHOCTh aHa/IM3a ObLia CBsg3aHa ¢ 00OHapyKeHueM hOpMbl,
0JM3KOI K ceBepoaMepukaHckoMy mTamMy N1 (KOTOpPbIiA, TO-BUAMMOMY, UMEJ
0oJiee HU3KUI 300HOTMYECKMI MOTEHIMAaA) y aBCTPUICKOro manueHTa. Takum
00pa3oM, M3BECTHOE PAaCIpOCTPAHEHUE 3TOTO0 BapUaHTa PaclpOCTPAHWIOCh OT
octpoBa CsToro JlaBpeHTUs B beprHroBoM MOpe 1 pyCCKUX U30JISITOB B SIKyTUM
1o LeHTpanbHOi EBpornbl. [1omydyeHHBIe JaHHBIE YKa3bIBAlOT HAa TO, YTO T€HOTHUIT
N1 umeeT He TOIBKO HMPKYMIOJSIPHOE TPaHCOEPUHTMAHCKOE paclpoCcTpaHeHue,
HO U BO BpeMsl JIETHUKOBBIX COOBITHIA B TIECTOLIEHE O0Jiee I00KHOE pacrpocTpa-
HeHUe JIMChl, BeposiTHO, nepefasio N1 B ueHTpanbHyto EBpomy. Mcropuuecku
CJIOXWJIOCH, YTO (hpopMmupoBaHue bepuHrosa cyxonyTHoOro Mocta («bepuHrun») B
TeYeHUEe HeCKOJIbKUX MEPUOIOB IUIEHCTOLIEHAa, KOTOPBIN c(hOpMUPOBAIT yOSKUIIES
IIJIS1 pacIpOCTpaHEHUsI eBpa3suiicKuX U30JTOB B CeBepHYI0 AMEpPUKY M HA000POT,
CJIY>KWJT BaXKHBIM PErMOHOM IJisi auBepcuduKauuu U passutus E. multilocularis.
[anee BblIEJICHHbI TEHOTUIT ObLJT OTPAaHUYEH YETHIPbMS M30JISITAMU U3 FOXKHOM
Tepmanuum (ropHas uens LIBadckoii FOpbl) U nMesn NsATh 3aMeH MO CPABHEHMUIO C
OCHOBHOI1 eBporieiickoil (opmoii. OnuH JATHIIICKUI N30T UMENT IBe MyTallun
B coxl, omHa M3 KOTOPBIX OblJIa MICHTUYHA HeMEIKUM u3oisgtam u3 Feldstetten.
OIHOHYKJICOTUIHBIE MOTUMOPHU3MBI ObLIM OOHAPYKEHBI B EIMHUYHBIX N30JIITaX
n3 CnoBakuu, Benrpun u ®@pannun B reHax cox! u actll. bojee HU3KOe reHETH-
yeckoe pazHooOpasue, oOHapy>KeHHOE B MCCJIEIOBAHHBIX U30JsITaX B OoJiee Te-
pudepuitHbIX 30HaX €ero €eBporneiicKoro pacpoCcTpaHeHUsl, MOAAEPKUBAECT MOJIE/Ib
Knarma (2009), mpenmosnararonyio, uto okyc mapa3utos B EBporie peryampyetcst
nepenaveii «<MaTepuK-OCTPOB», TI¢ HACJIeACTBEHHbIE OYaru CHa0XaroT 10 HACTOSsI -
11IEr0 BPEMEHM HEIHIEMUUYHbIE PAllOHBI paccesiHue, MOPOXIEHHOE MOABUKHOC-
ThIO JIUC U MUTpALIEHd.
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Introduction. Alveolar echinococcosis is of increasing public health concern
in Europe, with high fatality rates and poor prognosis if managed incorrectly.
In urban areas of Europe, the parasite is transmitted principally in red foxes,
with human exposures mediated through companion animals. According
to the latest records, the known range of E. multilocularis has markedly ex-
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tended across Europe and it is assumed to be currently distributed over the
most of its territory. Recent evidence supports northward and southeastern
expansions from a core endemic area in south-central Europe as document-
ed by findings from Poland, Baltic countries, Slovakia, Hungary, Romania
(summarized by Davidson et al., 2012; Oksanen et al., 2016). Prevalence
trends of AE in humans appear to follow the surge in parasite abundance
in wildlife coinciding with dramatic increases of fox population that began
since 1990’s (Mackenstedt et al., 2015). Molecular analyses of E. multilocu-
laris have revealed a number of strains which can be strictly grouped into
Asian, Mongolian, European and North American strains (Nakao et al.,
2009; Ito et al., 2010). To more thoroughly examine the genetic variability
and to indicate transmission patterns in E. multilocularis from Europe, iso-
lates from a contiguous territory of eight European countries were subjected
to analyses of mitochondrial and nuclear DNA sequences.

Materials and methods. Nucleotide composition of 25 E. multilocularis
isolates collected from 8 European countries (Poland, Slovakia, Germany,
Latvia, Hungary, Austria, Swizerland, France) and 18 capturing sites were
examined. Samples were collected from six intermediate host species and
red fox definitive host. After DNA isolation, four mitochondrial gene
fragments (coxI, nadl, rrnS, atp6) and one nuclear gene (actll) were
amplified. PCR was conducted under following conditions: an initial
denaturation step at 94°C for 3 min, followed by 30 cycles of 96°C for 30 sec,
56°C for 30 sec, 72°C for 1 min, final extension step 72°C for 7 min, except
for actll with the shorter extension time to 50 sec to increase the stringency
of amplification. Amplicons were then purified using a Nucleospin Extract
IT kit (Macherey Nagel, Diiren, Germany) and directly sequenced using
the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems). The
branching pattern was generated by MEGA?7 software (Kumar et al., 2016)
using the neighbor-joining (N-J) method.

Results. A total of 2 715 nucleotide sequences in five gene targets were
examined for every isolate (nadl — 589 bp, coxI — 789 bp, rrnS — 362 bp,
atp6 — 516 bp, actll — 459 bp). Altogether seven genotypes were detected in
examined European sample. The most distinct profile possessed the human
isolate originated from Austria, displaying 1—4 mutations in cox/, nadl,
atp6, actll compared to remaining European isolates. Interestingly, all 4
nucleotide substitutions in cox1 were identical to reference isolates from
North America (N1, N2) described in Nakao et al. (2009), and 2 of these
sites were corresponding to samples belonging to Asian clade in the above
study. This isolate from Austrian patient that matched most closely the N1
genotype structure was the only olderisolate in the analyzed sample, obtained
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upon hepatic surgery in 1981 and subsequently maintained upon serial
passage into gerbils and mice, with DNA isolated in 2003 (obtained from the
Institut fiir Parasitologie, Universitit Bern). There were no indications that
the patient had ever been America or any other non-European remote areas
where he could have got infected (B. Gottstein, personal communication).
Beyond the North American continent, the N1 strain was before found
in St. Lawrence Island (west of mainland Alaska), Svalbard archipelago
(Norway), and in northeast and west Yakutia in Russia (Nakao et al., 2009;
Knapp et al., 2012; Konyaev et al., 2013), thus globally predominating in
northern territories. Based on observations in regions with high prevalence
in definitive hosts yet low incidence of human AE it is presumed that the N1
genotype has lower zoonotic potential and pathogenicity (Davidson et al.,
2016). Our finding of N1 pattern in Austria is the easternmost record of this
variant within the Eurasian continent.

Four isolates from the Feldstetten locality in southern Germany (mountain
range of Swabian Jura) exhibited genotype with five mutations compared
to the main European form — one exchange in coxI, and two exchanges
in both nadl and atp6. One of these subsitutions in cox/ was previously
found also in France (E3 isolate) by Nakao et al. (2009). Remaining 6
German isolates had sequences fully identical to major European variant.
One Latvian isolate displayed two nucleotide substitutions in cox/, one
of which was identical to German isolates from Feldstetten. In addition,
single samples of Slovak and Hungarian isolates had one specific mutation
in the cox 1 gene in different sites. In the act// gene, one French isolate from
Jura department and the above Austrian isolate displayed one nucleotide
substitution located in different positions. In dendrogram constructed
from concatenated sequences, three major clades in European analyzed
sample were established, first clade forming by Austrian isolate, second by
German isolates from Feldstetten and third main clade consisted remaining
European samples.

A degree of genetic diversity in a sample collected from historically
documented core endemic region in Europe (Austria, France, Germany,
Switzerland) that consisted of 16 isolates and a sample of 8 isolates from
region where parasite was presumed to be established during northward
expansion over the last two decades (Slovakia, Poland, Hungary. Latvia)
was assessed. Although four genetic variants were detected in both zones,
a significantly greater average nucleotide diversity (P<0.01) was detected in
the core area (pi = 0.001243) than in the region where parasite was identified
recently (pi = 0.000409).

15—17 mag 2019 roma, MockBa



758 MexyHapogHas HaydHas KOH(epeHI

Conclusions. The North American genotype N1 detected in Austria indicates
likely represents an ancestral form of E. multilocularis from glacial refugia
maintaning in the historical endemic zone of Europe. It is hypothesized that
E. multilocularis had extended into Europe in the Late Pleistocene Epoch
(130,000—10,000 years ago) through the migration of foxes. Historically, the
formation of the Bering land bridge (“Beringia”) during several periods of
the Pleistocene, which formed an refugium for expansion of the Eurasian
isolatesto North America and vice versa, has served as an important region for
the diversification and evolution of E. multilocularis. Further distinguished
genotype in the current study was found in a restricted territory of southern
Germany in four isolates from water vole and its circulation in the broader
area was later confirmed by detecting this pattern in three isolates from red
fox by Schroer et al. (2010) in close territory.
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