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Souhrn:

Predkladand habilita¢ni prace je koncipovana jako soubor 42 vybranych praci (39 praci s impakt
faktorem), 1 neimpaktované prace, 1 anglické monografie a 1 kapitoly v anglické monografii), které vznikaly
jako soucast dlouhodobého zékladniho vyzkumu zoondéz na valtickém pracovisti Ustavu biologie obratlovci
AVCR, v.vi. a v t&né spolupraci s Ustavem experimentalni biologie Pfirodovédecké fakulty Masarykovy
univerzity. Jde vesmés o prace povahy eko-epidemiologické, tedy spojujicich slozku ekologickou (ekologie
vektori a patogent) a epidemiologickou (entomologicka a epidemiologicka surveillance). Komentované ¢asti
jsou rozdéleny do dvou hlavnich kapitol: infekce pfenasené klistaty a infekce prenasené komary, s hlavnim

dirazem zejména na emergenci patogeni potazmo vektord a zdravotni riziko pro obyvatele.

Summary:

Present thesis is a collection of selected 42 scientific publications (39 of them published in peer
reviewed journal indexed by impact factor, 1 paper in peer reviewed journal, 1 monograph in English and 1
chapter in monograph in English), which originated as a part of long-term basic research in Laboratory of
Medical Zoology of the Institute of Vertebrate Biology, Academy of Sciences of the Czech Republic and in
close collaboration with Department of Experimental Biology of Faculty of Science, Masaryk University). There
are mostly eco-epidemiological studies linking up ecological (ecology of disease vectors and pathogens) as well
as epidemiological (entomological and epidemiological surveillance) approach. Annotated parts are divided into
two chapters: tick-borne diseases and mosquito-borne diseases, both with main emphasis laid out on

pathogen/vector emergence and public health risk.
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vénovano

Silvii, Sofii a Davidovi

M¢ podekovani patii rodin€ za nezmérnou podporu a toleranci. Bez téchto prerekvizit
bych se nemohl vénovat v&dé na plny uvazek. Rad bych také podekoval vSem svym
soucasnym 1 byvalym spolupracovnikiim a studentiim, ktefi se mnou podileli a podileji na
vyzkumu zoonotickych mikroorganizmii a bez kterych by tato prace nemohla vzniknout.
V neposledni fadé dékuji domacim grantovym agenturam a Evropské komisi za finan¢ni
podporu naseho vyzkumu, zejména v ramci interdisciplinarnich projektii EDEN (Emerging
diseases in changing european environment) a EDENext (Biology of vector-borne infections

in Europe), které v poslednich deseti letech extenzivné podpoftily nase vyzkumné snazeni.



Motto:

Ve vede existuje hlavni proud, v nemz védci na slavnych univerzitach pracuji na velkych
tématech jako rakovina, AIDS, globdlni oteplovani nebo cokoliv s predponou nano na
zacatku. Vedle toho jsou vsak i klidnéjsi zatociny, vice ¢i méné vzdalené od hlavniho proudu,
v nichz se resi témata jako ,, Kvétena Jindrichohradecka se zvlastnim zietelem ke Kardasove
Recici, ,,Rozvoj ceského rybarstvi v dobé Ludvika Jagellonského, pripadné ,, Srovndvaci
genomika koronavirii drobnych savci . Nejzajimavejsi okamziky v déjindach veédy nastdavaji
tehdy, kdyz se najednou takové poklidné zatocinky zmocni dravy hlavni proud. Z trpélivého
srovnavani sekvenci koronavirii u kocek a cibetek, jehoz vysledky miize ucenec po letech vioZit
do nejaké monografie, pripadné po castech publikovat ve velmi specializovanych casopisech
(kde si je precte vSech osm jeho kolegii, které koronoviry u cibetek také zajimaji), se nahle
stane ,,velka veda*“, jejiz vysledky se prednaseji na konferencich od San Franciska po
Sanghaj, publikuji v prestiznich casopisech jako Nature nebo Science a zmateni redaktori
zpravodajskych denikii se je pracné pokouseji prezvykat pro svoje ctendre. MiiZeme se tomu
posklebovat, ale tak to je, a kdo takové ,,protrzeni hraze“ klidné zatociny na Siroké rece védy
nekdy zazil, nikdy na to nezapomene...

(uryvek z kapitoly SARS-kapesni pandemie, knihy Viry pro 21. stoleti autorii J. Konvalinky
a M. Machaly).

Nové studie prindSeji nejen zpravy o rozsireni nékterych arbovirii a jejich pribuznych do mist,
o nichz se dosud nevédelo, ale ukazuji, Ze je nutno pocitat i se vznikem kombinaci viri
s novymi vlastnostmi, které mohou kdykoli prinést velkda prekvapeni. Viry, které jsou dnes
malo vyznamné, se mohou stat velkymi patogeny, mohou ménit sva pusobiste, hostitele i
prenaSece. Je na misté skromnost a zapotrebi smirit se s tim, Ze vSechny védecké poznatky
mohou platit jen docasné, protozZe priroda a prirodni ohniska se vyvijeji a méni dal, i kdyz
velmi pomalu...

(uryvek z knihy Piirodni ohniska ndkaz autora L. Danese).

vvvvvv

pristich 10-20 letech.

(D. Gubler, byvaly ieditel Divize ndkaz piendSenych vektory, Fort Collins, CDC, Colorado,
USA)
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1. Predmluva autora

Uz na stredni Skole mne udivoval svet mikrobui a pred maturitou jsem tusil, Ze se
v budoucnu mikrobiologii budu vénovat profesionalné. Stale mne fascinuje, jak tak miniaturni
organizmus (virus, baktérie ¢i prvok) dokaze ovlivnit Sirokou skalu pochodii zde na Zemi
véetné jeho nezastupitelné role v prenosu infekcnich chorob. Na univerzité jsem od pocatku
vedel, ze moje vysnéna meta je infekcni mikrobiologie a kdyz jsem se dostal k jejimu studiu,
byt zpocatku jen zprostredkované skrze lékarskou mikrobiologii ¢i taxonomii baktérii, byl
jsem nevyslovne Stasten. Hlavné témata zabyvajici se roli mikrobu v prenosu nebezpecnych
nebo exotickych infekci si mne podmanily a pres malou odbocku v diplomové praci, ktera se
zabyvala magnetickymi nosici a jejich vyuzitim pri izolaci DNA, mé dalsi kroky smérovaly jiz
Jjen za opravdovymi patogeny.

Uplné nahodou, ale tak to casto ve védé byvd, mne osud (ted uz vim, Ze spravné)
nasmeroval na valtické pracoviste Akademie véd, kde se mym Skolitelem (tutorem a posléze i
kolegou stal prof. Zdenek Hubdlek). V podstaté lepsiho skolitele v této oblasti jsem si nemohl
prat. Zdenek zoonotickym onemocnénim venoval velkou cast své profesni drahy a pres svij az
renesancni zaber mé mohl zasvécovat do tajii 'infekcni mikrobiologie' napric ruznymi
skupinami patogennich agens. Stejné jako jeho i mne napliuje propojeni terénniho vyzkumu
(odebirani vzorkii, vlajkovani klistat, odchyt komari do specidalnich pasti) s vyzkumem
laboratornim (izolace a detekce pro vedu novych mikroorganizmii, jejich identifikace a
zkoumadni mozného patogenniho potencialu) a to vse s presahem do epidemiologie. Opravdu
neni pro mne nic vice vzrusujictho nez objevovat, izolovat a posléze charakterizovat nové
mikrorganizmy nebo jejich varianty, se kterymi lze dale aplikovat v mnoha disciplinach
(diagnostika, lécba ci biotechnologie).

V devadesatych letech byla 'nase' disciplina tzv. microbe hunting odsunuta na vedlejsi
kolej, ale v poslednim desetileti zviasté pri objevech novych prevaziné zoonotickych nakaz
(koronaviry SARS, MERS, ptaci chiipka, nové infekce prnasené hematofagy) zjistujeme, Ze
nové patogenni mikroby nebo jejich varianty nas dokazi prekvapovat i v 21. stoleti. Nads
dlouholety vyzkum viru West Nile, puvodce zapadonilské horecky, je toho pravym ditkazem.
Piivodné relativné exotické onemocnéni s endemickym vyskytem v Africe expandovalo az do
Stredni Evropy, kde se stava nyni pro nas opravdovou zdravotni hrozbou. V roce 1997, kdy
bylo u nas poprvé nasi laboratori diagnostikovano na jizni Morave, o ném védélo jen par
zasvecenych odbornikii, ale po jeho introdukci do Spojenych statii americkych v roce 1999,

kdy se virus lavinovité rozsiril behem nekolika nasledujici let po celé USA, se ndhle stal



stredobodem pozornosti svetovych virologu. V soucasnosti je vyskyt tohoto viru takrka
kosmopolitni. Stejné tak po nedavnych epidemiich zapadonilské horecky v Evropé (Itdlie-
2008-2010, Madarsko-2008, Recko-2010, Srbsko-2012) jiz Evropské centrum pro prevenci a
kontrolu nemoci (ECDC) velmi bedlivé sleduje vyvoj kolem tohoto patogenniho viru. Diky
globalizaci infekcnich chorob se tak vyzkum tzv. emergentnich zoonotickych nakaz dostava do
popredi, protoze v sobé kromé rizika infekci ukryva spoustu novych vzrusujicich vyzkumnych
témat jako je jejich léecba, vyzkum patogeneze ci vyvoj novych vakcin. Emergentni zoonozy se
tak pro obyvatele Evropy stavaji hrozbou, ale pro nas védce hlavné netusenou vyzvou. Tzv.
One health koncept, ktery nase laborator jako jedna z mdla u nds propaguje, tj. komplexni a
interdisciplinarni pohled na tato onemocnéni, kombinujici pohled zoologii, veterindriu,
mikrobiologii, infekcionistii, matematikii ¢i epidemiologii, je do budoucna jedinou moznou
alternativou, jak ucinné celit prichdzejicim hrozbam novych nebo se znovu objevujicich
infekcnich chorob jako je nyni epidemie horecky Zika v Pacifiku. Jsem Stasten, Ze u tohoto

nikdy nekonciciho boje mezi ¢lovekem a mikrobialnimi patogeny mohu byt.

Autor

Ve Valticich dne 11.8. 2016



2. Struktura a zaméreni habilitacni prace

Predkladand habilitacni prace je koncipovana jako soubor komentovanych praci, které
vznikaly jako soué¢ast dlouhodobého vyzkumu zoondz na valtickém pracovisti Ustavu
biologie obratloveit AVCR, v.v.i. a v t&sné spolupraci s Ustavem experimentalni biologie
Ptirodovédecké fakulty Masarykovy univerzity. Jde vesmés o prace povahy eko-
epidemiologické, tedy spojujicich slozku ekologickou (ekologie vektori a patogent) a
epidemiologickou (zahrnujici hodnoceni zdravotni rizik danych zoonotickych nakaz
s dirazem na moznou emergenci vektorti potazmo patogenil).

Habilitacni prace je komentovanym souborem 42 recenzovanych praci (39 s impakt
faktorem), 1 neimpaktované prace, 1 anglické monografie a 1 kapitoly v anglické
monografii). Komentované ¢asti prace predchéazi struény tvod do studované problematiky
(kapitola 3.). Samotny komentéat (kapitola 4.) je ¢lenén na 3 hlavni podkapitoly, které
'neorganicky' déli naSe studie na projekty zabyvajici se patogennimi mikroorganizmy
prenaSenymi klistaty (kapitola 4.1.), komary (kapitola 4.2.), vSe doplnéné kapitolou
zahrnujici souborné publikace typu review, 1 knihy a 1 kapitoly v knize (kapitola 4.3.).
Habilitacni praci dopliuje Zéavér (kapitola 5.), Literatura (kapitola 6.) a Prilohy-tisténé
publikace (kapitola 7.).

10



3. Obecny vhled do studované problematiky

3.1. Emergentni zoondzy

Zoonozy jsou nemoci pienosné z zivoCichti na clovéka. Termin vytvofil Rudolf
Virchow roku 1855 pii studiu trichinelézy. Pravé zoondzy zpravidla nejsou pienosné
kontaktem z jednoho c¢lovéka na druhého (vyjimky: hemoragické horecky Lassa, Ebola,
Marburg, hantavirovy plicni syndrom, krymsko-konzskd hemoragicka horeCka, mor aj.).
Dftive byl pro choroby pienosné ze zvifat na Clovéka pouzivan termin "antropozoonozy".
Analogicky byl zaveden pojem "zooantropondzy" pro nemoci pfenosné naopak z ¢lovéka na
zvitata; pocet takovych chorob je maly (naptf. chiipka, tuberkul6za). Bohuzel mnozi
epidemiologové pouzivali tyto terminy v opacném smyslu (zooantropondzy jako nemoci
pfenosné ze zvifete na ¢lovéka), anebo promiskue (Hubélek a Rudolf, 2011). Na doporuceni
WHO se proto oficidlnim terminem stalo oznaceni "zoondzy", a dalsi dva uvedené terminy se
pouzivat nadale nemaji. Podle spole¢né komise expertt WHO/FAO zni definice v originale:
"Zoonoses are diseases and infections which are naturally transmitted between vertebrate
animals and man" (WHO Tech. Rep. Ser. 169, 1959). Tato definice byla potvrzena 3. 1 4.
zpravou této komise (WHO Tech. Rep. Ser. 378, 1967, WHO Tech. Rep. Ser. 682, 1982).
Pocet znamych zoondz neustale roste a v soucasnosti presahuje 250, z toho pfiblizné¢ 80 je
béznych. Ze zoondz noveji prokazanych l1ze uvést napt. lymskou borrelidozu, anaplazmozu,
hantavirovy plicni syndrom, koronavirozy SARS a MERS nebo horecku zplisobenou
paramyxoviry Nipah a Hendra. Jen maly pocet zoonotickych agens vSak vyvolava rozsahlé
epidemie — k nim patfi napf. salmoneléza, kampylobakterdza, Q horecka, Zlutad zimnice,
dengue, japonska encefalitida, zapadonilska horecka, horecka udoli Rift anebo americké
konské encefalomyelitidy (Bisen a Raguvanshi, 2013; Singh 2014). Lokéalnim pohledem se na
Jizni Moravé objevila velka epidemie tularémie pred 2. svétovou valkou, na Slovensku potom
roziavskd epidemie klistové encefalitidy v roce 1951. Jiné zoondzy ovSem pfitahuji
pozornost vefejnosti (a médii) pro svou vysokou letalitu, n€kdy spojenou s velkou
nakaZlivosti pro oSettfujici persondl (napf. rozsdhla epidemie hemoragické horecky Ebola,
ktera propukla v roce 2013 v zapadni Africe s letalitou dosahujici témét 40%).

Mezi zoond6zami se kupodivu 1 v dneSni dob¢ stale objevuji zdvazné nemoci zcela
nové (napi. SARS, virézy Hendra a Nipah, hantavirovy plicni syndrom), nov€ poznané
(lymska borreliéza, ehrlichidéza a anaplasmoéza), vracejici se (zdpadonilskd horecka v Evropé),
se vzrustajici incidenci (salmoneldza po r. 1988, kampylobakter6za), geograficky expandujici

(zdpadonilska horeCka v Americe nebo Evropé€), s ménicim se okruhem hostitela ¢i pfenasect
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(Ae. albopictus a horecka chikungunya), anebo nové se klinicky manifestujici (malformace
plodu zptsobené virem Zika), pro néz se v anglictiné pouziva souhrnného terminu
"emerging/re-emerging diseases", a v ¢estiné je lze oznaclit jako ,,ndkazy (re-)emergentni‘

(Obrazek 1) (Hubalek, 2002; Hubalek, 2003; Hubalek a Ktiz, 2003). Rada t&chto onemocnéni

je vyvolana schopnosti nékterych patogent piekonat mezidruhovou bariéru hostitelll, coz
dokazuji napft. ptaci a praseci chiipka, SARS nebo AIDS (Singh, 2014).

AL

Obrazek 1. Globalni pohled znazoriujici relativni risk vyskytu emergentnich nakaz: a — zoonotické
patogeny (wildlife); b — zoonotické patogeny (non-wildlife); ¢ — rezistentni patogeny; d — patogeny pifenasené
vektory (pfevzato z Jones a kol., 2008).

Bylo zjisténo, Ze z celkového poctu 177 (re)emergentnich ndkaz predstavuji 73-75%
pravé zoondzy (Taylor a kol. 2001, Woolhouse a Gowtage-Sequeria 2005). Rada zoondz,
pfedevSim ndkaz prendSenych bodavym hmyzem (napf. malarie, dengue, filaridza,

trypanosomoza, leishmaniaza), kazdoro¢né€ ohrozi na zivotech milidny lidi na celé planeté.

Pocet zndmych zoonotickych patogent ¢loveka je znacny, stale rostouci, odrézejici se i v

nardstu epidemickych udalosti (Obrazek 2) (Woolhouse a Gowtage-Sequeria 2005).

No.of EDevents 1 ©2-3 @45 @67 @811

Obriazek 2. Mapa znazoriujici geograficky pivod nejvyznamnéjsich epidemickych udalosti zplsobenych

emergentnimi patogeny v letech 1940-2004 (ptevzato z Jones a kol., 2008).

12



3.2. Emergentni zoondzy prenasené hematofagnimi ¢lenovci

vvvvvv

nemoci, kterym celi lidstvo na zacatku tretiho tisicileti, a stavaji se (vedle malnutrice a
helmint6z) nejvétsim zdravotnickym problémem zejména v zemich tfetiho svéta. Dusledny
monitoring emergentnich zoonotickych nadkaz mize napomoci jejich lepsi prevenci a ptipadné
kontrole.

V této kapitole jsem se snazil struéné vymezit nejrizikovej$i agens prenasena

hematofagy, se kterymi se bude lidstvo potykat v blizké budoucnosti.

3.2.1. Prehled nejvyznamnéjSich mikrobidlnich agens pienaSenych kliStaty a komary

wewvr

Nésledujici ptehled shrnuje nejdilezitéjsi patogeny cloveka biologicky ptenasené
hematofagnimi clenovci (konkrétn€ klistaty a komary) (Hubédlek a Halouzka, 1996;
Marquardt, 2006; Service, 2012; Hubalek a Rudolf, 2011; Vasilakis a Gubler, 2014).
Ojedin€ly anebo mechanicky pifenos je zde opomenut. Tucné jsou zvyraznény patogeny

s charakterem emergence.

Celed Klistatoviti (Ixodidae)

arboviry: flaviviry stfedoevropské kliSt'ové encefalitidy, Louping ill, ruské jaro-letni
encefalitidy, Powassan, Omské hemoragické horecky, horecky Kyasanurského pralesa,
orbiviry Kemerovo, Tribe¢, reovirus Koloradské klistové horecky, flebovirus Bhandza,
nairovirus Kkrymsko-konZské hemoragické horecky, Dugbe, orthomyxoviry Dhori,
Thogoto;

rickettsie: Rickettsia rickettsii, R. sibirica, R. slovaca, R. monacensis, R. helvetica, R.
japonica, R. australis, R. conorii, R. africae, Ehrlichia chaffeensis, E. ewingii, Anaplasma
phagocytophilum s.1., 'Candidatus Neoehrlichia mikurensis'

jiné bakterie: Borrelia burgdorferi s.1. (fada patogennich genomickych druht), B. miyamotoi,
Francisella tularensis, Coxiella burnetii;

prvoci: Babesia microti, B. venatorum, B. canis, B. divergens, B. bovis, B. equi, B. gibsoni.

Celed Komaroviti (Culicidae)

arboviry: togaviry vychodoamerické konské encefalomyelitidy, zapadoamerické konské
encefalomyelitidy, venezuelské konské encefalomyelitidy, Sindbis, Chikungunya, Onyon
nyong, Ross River, Barmah Forest, Mayaro, flaviviry japonské encefalitidy, West Nile,
encefalitidy St Louis, Zluté zimnice, dengue, encefalitidy Murray Valley, Zika, Rocio,
Bunyamwera, Bwamba, Pongola, skupina California - napf. Tahyfla a LaCrosse, Oropouche,
horecky udoli Rift, Keterah, Vesikuldrni stomatitidy

prvoci: Plasmodium spp.

13



3.3. Eko-epidemiologie emergentnich zoon6z

3.3.1. Epidemiologicka surveillance a koncept One-Health

Terminu surveillance (Cesky nepfili§ pfesné pielozitelné jako dozor, dohled nad, bdélost)
bylo v epidemiologii poprvé uzito v roce 1950 v souvislosti s programy kontroly malérie,
neStovic ¢i urbanni formy zluté zimnice. Koncepci surveillance pfenosnych nemoci
doporucila WHO v letech 1968-69 vSsem clenskym statim jako moderni strategii v boji s
infekcemi. Profesor K. RaSka ji definoval jako "epidemiologické studium nemoci jako
dynamického procesu, vcetn¢ ekologie plvodce ndkazy, hostitele, rezervoari a vektort
nakazy, jakoz i studium zevnich podminek prostiedi a vSech mechanismu, které se uplatnuji v
procesu Sifeni ndkazy v rozsahu, ve kterém se dand ndkaza vyskytuje". Je to tedy
monitorovani nakazy a vSech vnéjSich podminek, které mohou mit vyznam pro jeji dynamiku;
ziskavani vSech dostupnych informaci, jejich uklddani do databaze a pribézné
vyhodnocovani. Soub&zné se pokusil o totéZ 1 Dr. Alexander Langmuir ze CDC, pozdé&jsi
pfedstaveny prof. K. Rasky v ustfedi Divize infekénich onemocnéni WHO v Zenevé.
Kone¢nym cilem epidemiologické surveillance je kontrola (potlaceni) dané infekce na
zaklad¢ vyhodnoceni, poznani a ovlivnéni faktord determinujicich ¢i modifikujicich jeji

epizooticky a epidemicky proces.
Podle WHO (Tech. Rep. Ser. 682, 1982) je naplni surveillance:

1) pfesna a rychla diagnostika nakazy (klinicko-patologickd a laboratorni, vcetné izolace a

identifikace piivodce ze vzorku lidskych, zvifecich a vektord, a sérologické diagnostiky);

2) raciondlni pouziti dostupnych prostfedkli k potlaceni zoondzy v Zivoc€iSném rezervoaru

(pt.: deratizace, dezinsekce, tj. hubeni pfenasect — €lenovcel, a dezinfekce prostredi).

Komplexné&ji, "epidemiological surveillance is the process of collection, interpretation,
and distribution of information on rates of occurrence of a particular disease to estimate the
variation of incidence and prevalence in order to take appropriate action for the control or
eradication of the disease". Schéma surveillance lze tedy vyjadfit v angli¢tiné jako "collection
— interpretation — distribution — action." Distribuci se mini zpétna informace pro

pracovniky v terénu.

Az pozdéji se vzil moderni termin public health surveillance, ktery navrhli Stephen
Thacker a Ruth Berkelman ze CDC. Definice zni nasledovné: "Public health surveillance is

the ongoing, systematic analysis, interpretation, and dissemination of data regarding a health
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related event for use in public health action to reduce morbidity and mortality and to improve

health."

Velmi podobna definice je vyuzivana i WHO: "Public health surveillance is the
continuous, systematic collection, analysis and interpretation of health-related data needed
for the planning, implementation, and evaluation of public health practice"

(http://www.who.int/topics/public_health_surveillance/en).

Indikace zoondzy v urcité oblasti miize byt zaloZena na klinickych pozorovanich zvifat
(vzteklina, virové encefalitidy, hantavirdzy, virus zépadonilské horecky), jejich vySetieni
autoptickém a pifi inspekci masa (napf. tuberkuldoza, antrax), s vyuzitim sérologické
surveillance (japonska encefalitida u selat, bruceldza u skotu) ¢i alergickych koznich testl
(bovinni tuberkuléza), s pomoci monitorovacich izola¢nich vysetieni vektord (napt. komard u
americkych konskych encefalomyelitid) a potravin Zivo€isného pivodu. Vhodné 1ze vyuzit
ekologickych udaju o vysokych az kritickych populaénich hustotach vektort a hostiteli (napf-.
lisky u vztekliny, hlodavci u tularémie nebo hemoragické horecky s rendlnim selhanim).
Velmi vyznamna je rychld mezinarodni vyména informaci o vSech téchto kritickych
veli¢inach a incidenci zoonoz v jednotlivych oblastech svéta na bazi WHO a FAO. K tomu
ucelu je mj. pro standardizaci hldSeni vypracovana mezinarodni klasifikace nemoci (véetné
zoondz), a seznam nemoci podléhajicich hlaseni (‘'notifiable diseases'). V CR existuje
databdze EPIDAT vramci SZU, kterd monitoruje nemocnost infekénimi chorobami na
celostatni urovni od roku 1982, ale u né€kterych ndkaz zasahuje i dale do minulosti (napf. u
tularémie nebo klistové encefalitidy az do 50. let 20. stoleti). DalSimi participujicimi
institucemi ve svété jsou Center for Disease Control and Prevention (CDC) v Atlanté,
European Centre for Disease Prevention and Control (ECDC) ve Stockholmu, které disponuji
zazemim expertnich tymu a referen¢nich laboratofi. Revolu¢ni formou je Sifeni informaci o
nakazlivych nemocech vcetné zoon6z pomoci Internetu (napt. ProMED mail). Jsou zavadény

pojmy jako v€asné varovani ("early warning") a rychla reakce ("rapid response").

Na epidemiologické surveillanci u nds se podileji mikrobiologické laboratoie
regiondlnich Zdravotnich ustavi, laboratofe Statniho zdravotniho tstavu vcetné referencnich
laboratofi, Statni veterindrni sprava, Ceskd zeméd¢lskd a potravinarska inspekce a Ceska

obchodni inspekce.

Konkrétné u zoonotickych ndkaz prenaSenych hematofagy mezi metody surveillance
fadime predevsim periodické vySetiovani vektorti v endemické oblasti vyskytu viru (s jejich

naslednym hubenim v pfipadé pfemnozeni), sérologické piehledy hostitelti (hlodavci, volné
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cey

zijici zvet, stali 1 st€hovavi ptaci), monitoring domacich sentinelt (napf. slepic a kachen) na
specifickou sérokonverzi, vySettovani lokalni lidské populace na protilatky k virim
pfenosnym hematofagnimi c¢lenovei (zvlastni pozornost by méla byt soustfedéna pii
zjistovani etiologie letnich chiipkovitych stavii, spalnickového exantému, aseptickych
meningitid nebo memingoencefalitid nejasného pivodu) a dbsledny monitoring
importovanych nakaz. V posledni dobé€ je systém surveillance dopliiovan o kontrolu krevnich

derivat na vybrané agens, napt. viry West Nile a Zika (Kolodziejek a kol., 2015).

Pti Setfeni v pfirodnim ohnisku nakazy v epidemickém obdobi je pak vice nez zadouci
spoluprace Sirokého tymu odbornikli z fad epidemiologii, medicinskych akaroentomologt,
zoologu, parazitologli, ekologli, veterinait, terénnich i klinickych mikrobiologii a infektologt
véetné matematickych modelistd a informatikli, tedy tzv. koncept "One Health" (Atlas a
Maloy, 2014). Jde o mezindrodni interdisciplinarni spolupréaci propojujici zdravi Cloveka,

zvitat 1 vSech slozek prosttedi (Obrazek 3).

Ecosystem Health

Animal Health Human Health

Obrazek 3. Schématické znazornéni jednotlivych slozek konceptu One Health (pfevzato z Atlas a Maloy,
2014).

Dle mezinarodni iniciativy zastiténé uznavanymi kapacitami v oboru jako jsou Laura H.
Kahn, Bruce Kaplan, Thomas P. Monath, Jack Woodall a Lisa A. Conti, je tento koncept
definovan nasledovné: ,,The One Health concept is a worldwide strategy for expanding
interdisciplinary collaborations and communications in all aspects of health care for humans,
animals and the environment* (http://www.onehealthinitiative.com). Dle definice CDC: ,,The
One Health concept recognizes that the health of humans is connected to the health of
animals and the environment“ (http://www.cdc.gov/onehealth.html) a nahrazuje tak jiz

zastaralé paradigma zahrnujici pouze surveillance daného onemocnéni (Obrazek 4).
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Current paradigm:

[Disease Surveillance == Investigation mmpTreatment J

* Human disease

One Health paradigm:

lEnvir‘onmenT Surveillance mmp Prediction s PrevenfionJ

« Environment
« Animals

« Human disease

Obriazek 4. Drivéjsi a soucasné paradigma znazoriujici odliSné pojeti surveillance infekénich onemocnéni.

3.3.2. Faktory urcujici emergenci zoonotickych nakaz

Tyto Cinitele 1ze dé€lit na socidlni/antropogenni (plsobici na infekéni proces v ramci

lidské spolecnosti) a pfirodni (tj. fyzikalné-geografické a biotické) (Obrazek 5). Obé tyto

skupiny faktort se uplatnuji zvlast€ vyrazné u emergentnich ndkaz (Morse, 1995; Karesh a
kol., 2005; Jones a kol., 2008; Taylor a kol., 2001; Hubalek a Rudolf, 2011; Bisen a

Raghuvanshi, 2013).

Emergence & re-emergence

Land use change

Human encroachment, extractive industries, deforestation, habitat
fragmentation, biodiversity loss, urbanization & urban planning

Food and agricultural systems

Intensifying/expanding farming systems, greater livestock density, trade
networks & globalization, unregulated/irregular use of drugs & vaccines,
livestock mixing patterns, biosecurity

Human behavior

Hunting & consumption practices, cultural patterns & processes, travel
capabilities, breakdown of governance

Environmental systems

Climate change, natural disasters, periodic climate systems

Obrazek 5. Priklady vybranych Cdiniteld (socidlnich i pfirodnich) urcujicich emergenci zoonotickych

onemocnéni (pfevzato z Atlas a Maloy, 2014).

17



3.3.2.1. Faktory socialni

Socidlni faktory, oznaCované mnohdy také jako faktory socio-ekonomické nebo
antropogenni, hraji samoziejmé zasadni roli u antroponéz, ale jsou velmi dilezité také u
zoonoz (Morse, 1995; Karesh a kol., 2005; Hubalek a Rudolf, 2011). K socio-ekonomickym

Ciniteltim, ktefi mohou do zna¢né miry ovlivnit prevalenci nakaz, patii zejména:

- hustota lidské populace v dané oblasti;

- socialni a hygienické poméry (zivotni styl a Groven);

- uzky kontakt lidi s hospodaiskymi zvifaty;

- kolektivni zptisob Zivota: spolecné stravovani, charakter jidelen ('fast-food' bufety) a zptisob ubytovani;
- stupen urbanizace krajiny (expanze mést, zv1ast¢ v tropickych oblastech: 'slums');

- 'suburbanizace’, tj. vystavba rodinnych domku v zalesnénych pfiméstskych oblastech;

- osvojovani novych tizemi (kolonizace, 'pionyfi') a ndvazné antropogenni zdsahy do ekosystémi budovanim
sidel, vétsimi terénnimi Gpravami, odlesiovanim — deforestaci ale i zalesiiovanim — reforestaci, zfizovanim
vodnich nadrzi, zavlazovanim a odvodnovanim;

- rychly mezinarodni transport a rozvoj mezinarodniho obchodu: zavlékani agens, vektort a rezervoart nakaz;
- zvy$ena mobilita a migrabilita lidské populace: cesty za obchodem a na trhy;
- migrace pracovniki ze zahranici, migrace lidi v dusledku valeénych konflikti;

- turistika a rekreace: tuzemska rekreace spojena se vstupem do PON; cesty do cizich zemi a nabozenské poutg,
spojené se vstupy do lokalnich ohnisek nakaz, 'adrenalinova turistika';

- n¢které aktivity v ramci volného Easu (lovectvi, sbér hub a lesnich plodin), vedouci ke zvySenému kontaktu
s vektory ndkaz;

- zvySeny kontakt se zvifaty pro potéchu (angl. "pets" nebo "companion animals");
- expanze a intenzifikace (koncentrace, specializace) zeméd¢lstvi;

- zpracovani a konzum zvifecich produktti (napf. "bushmeat") a odpadk;

- ptesuny stad dobytka na nové pastviny, pfipadné nomadizmus;

- import a export domacich zvifat, jejich produktd a zivo¢iSnych potravin;

- domestikace zvitat (zejména v minulosti), farmovy chov ptivodné divokych zvifat;
- import a chov exotickych Zivo¢ichi pro ZOO, safari, privatni potfeby a vyzkum;

- profesionalita; u synantropnich zooné6z jsou riziku nakazy zvlasté vystavena povolani: chovatel a oSetfovatel
zvifat, veterinarni lékaf, feznik, lesni dé€lnici, kopaci, pracovnici specializovanych diagnostickych
laboratofi;

- nozokomialni/iatrogenni zoonotické infekce (transfuze krve a transplantace organti);

- xenotransplantace (kontaminované organy zvifat transplantované lidem), zivoc¢isné bunééné kultury uzité napft.
pro piipravu vakcin;

- kosmetické zasahy ("piercing”, tetovani), injekéni aplikace drog;
- zavadéni dokonalejsich diagnostickych a epidemiologickych technik;

- nedostateCnost ¢i absence zdravotnické prevence (vCetné osveéty) a zasahli, neCinnost nebo rozklad
infrastruktury zdravotnického systému;

- socialni katastrofy nebo stresy (valky, uprchlické tabory, hladomor).
S jistou nadsazkou lze fici, ze spoleénym jmenovatelem vétSiny socidlnich faktorti u

zoondz je globalizace: ekonomiky, transportu zboZi, zvifat a osob, turistiky a rekreace,
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zivoc€isné 1 rostlinné produkce, zivotniho stylu, osvojovani ekosystému atp. Mluvime tedy o

globalizaci infek¢énich onemocnéni (Obrazek 6) (Hubalek a Rudolf, 2011).

Industrialization
& Globalization

Migrations,
Colonization & Trade

Demographics &
Behaviours

Human Evolutionary
Pathogen Heritage

i S

Urbanization Domestication, Agriculture
& Food Production

The Human-Animal Interface

Obrazek 6. Vybrané socio-ckonomické ¢initele ur¢ujici emergenci zoonoz (prevzato z Atlas a Maloy, 2014).

3.3.2.2. Faktory prirodni

Pfirodni Cinitelé, nesouvisejici s lidskou ¢innosti, jsou v zasadé faktory ekologicke,
urcéujici nebo modifikujici cirkulaci vSech patogennich agens. Patii k nim proménné (a)
abiotické (geomorfologické, geologické, hydrologické, pedologické, klimatické, aktualni
podminky meteorologické); (b) biotické (vegetace, fauna). Komplex vsSech téchto faktora
napf. rozhoduje o zemépisném rozsiteni ptivodcil jednotlivych zoondz (ve vazbé na distribuci

rezervoaru, hostiteld, a ptipadné prenaSect).

Z abiotickych ¢Cinitell je obecné nejdulezitéjsim klima (teplota, srazky), dale zemépisna
Sitka, nadmotskd vyska a Cclenéni reliéfu (geomorfologie ovliviluje napf. mikro- a
mezoklima). Byla napt. zjisténa prikazna korelace mezi aktivitou tzv. Jizni Oscilace El-Niiio
(ENSO) v Pacifiku, ovliviiujici globalni atmosférickou cirkulaci, a zvySenou incidenci
nékterych nakaz v rozsahlych oblastech v letech 1991-93 (cholery, malarie a hantavirového
plicniho syndromu). Existuji opodstatnéné obavy, Ze probihajici globalni oteplovani klimatu
by mohlo vyraznym zpisobem ovlivnit rozsifeni predev§im nemoci pfenosnych
hematofagnim hmyzem (napt. malarie, dengue, leishmaniéza). U analogického klimatického
systému Severoatlantické Oscilace (NAO), ktery vyrazné ovliviiuje podnebi v Evropé, nebyla
doposud jasna korelace s incidenci zoondz prokazana (Hubalek, 2005; Hubélek a Rudolf,

2011).
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Abiotické piirodni podminky se podileji také na sezonnosti mnohych ndkaz, zvlasté
transmisivnich zoon6z (napft. klistové encefalitidy) - to je dano sezénni distribuci (fenologii)
jejich vektorti. Pro nékteré prenaseCe (napf. komary) je nezbytnd ptfitomnost vodnich ploch
nebo mokftadl. Teplota prostiedi mize zase velmi ovlivnit vyvoj patogennich agens (napf.

arboviri) v pienasecich (Vasilakis a Gubler, 2016).

K abiotickym c¢initelim patii také pfirodni katastrofy, které mohou byt meteorologické
(vichfice, tornada), hydrologické (povodné) nebo geologické (zemétieseni, rozsahlé sesuvy
pudy, cunami). Napf. po zemétteseni pobliz Los Angeles v r. 1994 doslo ke zvySeni incidence
mykoz, jejichz agens sporuluji v ptdé: popsano bylo 170 piipadi kokcidioidomykédzy a
histoplazmoézy (Guevara a kol., 2015). Po povodnich se obvykle zvysuje populacni hustota
krevsajiciho hmyzu, pfedevSim komarti, a muze dochazet ke zvySeni incidence virovych
nakaz (Hubalek a kol., 2004) a malérie jimi pfendSenych, a rovnéz k nértstu n¢kterych dalsich
zoon6z v dusledku naruSeni zdsobovani obyvatelstva pitnou vodou nebo kontaminace
znecisténou vodou: napt. kolibaciléza (enteropatogenni Escherichia coli), salmoneldza,
melioidéza (v tropech), leptospirdza, tularémie, giardidza, kryptosporididoza (Hubalek a
Rudolf, 2011).

Biotické faktory, ovliviiujici epidemicky proces, jsou zejména:
- velikost, hustota a vyvoj populace (popula¢ni dynamika) jak obratlovéich hostitelti (rezervoar) nakaz, tak

bezobratlych ptenasect ('gradace');

- jejich bionomie a etologie (zplisob zivota a chovani: napf. existence kolonii, spoleénych shromazdist' a
nocovist, synantropie), fenologie (sezonnost);

- mobilita (velikost teritoridlnich okrskli - "home range") a migrabilita (tah ptakd, invaze, potulky) hostitell i
bezobratlych prenasect (invazivni druhy komart);

- imunita populaci obratlovci;
- ptitomnost stresovych faktorti (malnutrice, pfemnozeni aj.) v populaci;
- charakter a typ vegetace;

- zmény patogent samotnych, druhového okruhu jejich hostiteli, vektort.

Velmi vyznamnym ekologickym faktorem v Sifeni nékterych zoon6z je populacni
dynamika hostiteld patogennich agens, a nejzavaznéjsi je premnozeni volné zijicich
obratlovct, které miZe vést k jejich pfibliZovani lidskym sidlim. Také tuha zima nuti nékteré
exoantropni savce a ptaky k pfechodné synantropnimu zplsobu Zivota. U transmisivnich
nakaz je neméné dilezita populacni dynamika jejich vektor, pfedevSim mimotadné

pfemnozeni hematofagnich ¢lenovch (Hubalek a kol., 2004).

Pti disperzi patogeni mize hrat roli i tah ptakd, tj. pfenos agens tdhnoucimi ptaky jako

jejich hostiteli anebo ptenos jejich infikovanych ektoparazith - vektort. Podle odhadii migruje
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kazdoro¢né z Evropy do Afriky a zpét asi pul miliardy ptakd, z nichz urcité procento byva
napadeno klistaty. Africka klistata byla prokdzana na ptacich také napf. v Bulharsku
(Amblyomma variegatum, A. hebraeum) a v Azerbajdzanu (A. lepidum), a Hyalomma
marginatum ojedinéle v CR i ve Finsku (Hubalek 1994; Capek a kol., 2014). Imaga africkych
klistat A. variegatum, A. hebraeum a A. gemma byla zjisténa v jizni Evropé (Italii, Francii,
Bulharsku a na Krymu) na doméacich zvifatech v disledku zanosu preimaginalnich stadii
klistat ptaky. Vétsina téchto exotickych klistat v Evropé nedokonci sviij vyvojovy cyklus, ale
¢ast z nich by mohla napt. nakazit lokalni obratlovce a zalozit tak nova pfirodni ohniska
nakaz. Kromé ptaki migruji na delsi vzdalenosti i n¢ktefi savci - napi. netopyti (Miniopterus
schreibersi). Popsany jsou rovnéz zanosy dvoukiidlych vektorti nékaz (napf. pakomadrci
Culicoides infikovani veterinarné¢ vyznamnymi arboviry bluetongue nebo africké nemoci

koni) vzdusnymi proudy za specifickych meteorologickych situaci (Sedda a kol., 2015).

U nékterych nakaz a jejich agens je vazba na podminky prostfedi a spolecenstva tak
vyrazna, ze lze s pomoci charakteristickych biogeografickych indikatort (izotermy, izohyety,
urcitd rostlinna spolecenstva nebo indikatorové druhy rostlin a zivoc€icht) do urcité miry
predvidat jejich vyskyt (Hubalek, 2010). Pro tcel predikce je mozno vyuzit také dalkového
snimkovani (angl. "remote sensing") Zemé z druzic, napiiklad pfi monitorovani nékaz
pfenosnych komadry, u nichz se zjistuji lihnist¢ komafich larev (Govoetchan a kol., 2014).
Z udaji poskytovanych satelity se pro tyto ucely vyuziva nejvice tzv. normalizovany
diferencialni vegetacni index (angl. "normalized difference vegetation index", NDVI). Data
ziskana ze satelitl se spfahuji s technikami geografického informac¢niho systému (GIS) a

vytvareji mapu rizika vyskytu ndkazy pro danou oblast (Honig a kol., 2015).
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4. Komentar k predlozenym publikacim

4.1. Piispévek autora v oblasti nakaz prenaSenych kli§taty

Stru¢ny komentéai k predlozenym pracem nema charakter klasické diskuse, spise se
snazi reflektovat ty nejdilezitéjsi aspekty pripadné presah nasich studii. Publikace zabyvajici
se klistaty jako pfenasSeci emergentnich patogent 1ze rozd¢lit do tii odliSnych celkt:

(1) experimentalni prace zabyvajici se fyziologii borrelii pii kultivaci in vitro po piidani
extraktt slinnych 714z & stieva (PRACE 1, 8);

PRACE 1: Rudolf I, Hubélek Z.: Effect of salivary gland and midgut extract from Ixodes ricinus and Dermacentor
reticulatus (Acari: Ixodidae) on the growth of Borrelia garinii in vitro. Folia Parasitol. (2003), 53, 159-160.

PRACE 8: Rudolf I., Sikutova S., Kopecky J., Hubélek Z.: Salivary gland extract from engorged Ixodes ricinus (Acari:
Ixodidae) stimulates in vitro growth of Borrelia burgdorferi sensu lato. J. Basic. Microbiol. (2010), 50, 294-298.

(2) prace ekologické povahy zkoumajici vliv antropogennich zmén v krajin€ na prevalenci
klistat potazmo borrelii v klistatech (PRACE 3, 5);

PRACE 3: Hubalek Z., Halouzka J., Juticova Z., Sikutova S., Rudolf I.: Effect of forest clearing on the abundance of Ixodes
ricinus ticks and the prevalence of Borrelia burgdorferi s.1. Med. Vet. Entomol. (2006), 20, 166-172.

PRACE 5: Jaro$ovéa V., Rudolf 1., Halouzka J., Hubalek Z.: Borrelia burgdorferi s.1. v klistatech na ostravskych haldach.
Epidem. Mikrobiol. Imunol. (2009), 58, 90-97.

(3) molekularni a sérologicka surveillance klistaty pfenaSenych nékaz (PRACE 2,4,6,7,9,
10,11, 12,13, 14).

PRACE 2: Rudolf I., Golovchenko M., Sikutové S., Rudenko N., Grubhoffer L., Hubalek Z.: Babesia microti (Piroplasmida:
Babesiidae) in nymphal Ixodes ricinus (Acari: Ixodidae) in the Czech Republic. Folia Parasitol. (2005), 52, 274-276.
PRACE 4: Sikutové S., Rudolf L., Golovchenko M., Rudenko N., Grubhoffer L., Hubalek Z.: Detection of Anaplasma DNA
in Ixodes ricinus ticks: pitfalls. Folia Parasitol. (2007), 54, 310-312.

PRACE 6: Sikutova S., Hornok S., Hubalek Z., Dolezalkova L., Juficova Z., Rudolf L.: Serological survey of domestic animals
for tick-borne encephalitis and Bhanja viruses in northeastern Hungary. Ver. Microbiol. (2009), 135, 267-271.

PRACE 7: Rudolf I, Mendel J., Sikutov4 S., Svec P., Masatikové J., Novakova D., Buitkové L., Sedlacek I, Hubélek Z.: 16S
rRNA gene-based identification of cultured bacterial flora from host-seeking Ixodes ricinus, Dermacentor reticulatus and
Haemaphysalis concinna ticks, vectors of vertebrate pathogens. Folia Microbiol. (2009), 54, 419-428.

PRACE 9: Konvalinova J., Rudolf 1., Sikutova S., Hubalek Z., Svobodova V., Svoboda M.: Likely emergence of canine
babesiosis in the Czech Republic. Acta Vet. Brno. (2012), 81, 91-95.

PRACE 10: Venclikova K., Rudolf 1., Mendel J., Betagova L., Hubalek Z.: Rickettsiae in questing Ixodes ricinus ticks in the
Czech Republic. Ticks Tick-borne Dis. (2014), 5, 135-138.

PRACE 11: Venclikova K., BetaSova L., Sikutové S., Jedlickova P., Hubalek Z., Rudolf I.: Human pathogenic borreliae in
Ixodes ricinus ticks in natural and urban ecosystem (Czech Republic). Acta Parasitol. (2014), 59, 717-720.

PRACE 12: Venclikovéa K., Mendel J., BetaSova L., Hubalek Z., Rudolf L: First evidence of Babesia venatorum and Babesia
capreoli in questing Ixodes ricinus ticks in the Czech Republic. Ann. Agric. Environ. Med. (2015), 22, 212-214.

PRACE 13: Venclikova K., Mendel J., Betd$ova L., Blazejova H., Jedlickova P., Strakova P., Hubalek Z., Rudolf I.:
Neglected tick-borne pathogens in the Czech Republic, 2011-2014. Ticks Tick-borne Dis. (2016), 7: 107-112.
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PRACE 14: Duscher G., Hodzi¢ A., Weiler M., Vaux A.G.C., RudolfI., Sixl W., Medlock J.M., Versteirt V., Hubalek Z. First
report of Rickettsia raoultii in field collected Dermacentor reticulatus ticks from Austria Ticks and Tick-borne Dis. (2016).

doi:10.1016/j.ttbdis.2016.02.022.

(1) V ramci dizertacni prace jsem se soustfedil na experimentalni studie z oblasti eko-
fyziologie borrelii. Interakce mezi kliStaty a jimi pfenaSenymi patogeny je klicovym faktorem
pro uspésny biologicky pfenos patogena na obratlovciho hostitele (Munderloh a Kurtti, 1997;
Schwann 1996). Spirochéta Borrelia burgdorferi sensu lato, pivodce lymské borrelidzy, musi
prekonat nejmén¢ dvé bariéry pro efektivni pfenos na hostitele: slinné zlazy a stfevo. V nasi
studii (PRACE 1) jsme zkoumali efekt extraktd slinnych Zlaz (SGE) a stfeva (MGE) u dvou
druht klistat: I. ricinus (kompetentniho vektora pro pfenos agens lymské borrelidozy) a D.
reticulatus (nekompetentniho druhu pro pienos ptivodce lymské borrelidozy) na rist borrelii
(B. garinii) in vitro a o¢ekavali opacény efekt. Podafilo se nam vyvinout unikatni metodu in
vitro kultivace v mikrotitra¢nich destickach. Pozorovali jsme statisticky vyznamny stimula¢ni
efekt SGE z kompetentniho vektora na rlst borrelii, zatimco u nekompetentniho druhu
nedoslo prekvapivé k vyraznému ovlivnéni rastu (stimulaci ¢i inhibici). Prace byla ve své
dob¢ ojedinéla, podobny experiment provedli pouze Americané u klistat 1. scapularis a B.
burgdorferi sensu stricto (Shih a kol., 2002). V navazujici studii (PRACE 8) jsme potvrdili
vyznamnou stimulaci rastu B. burgdorferi (tentokrat tfi patogennich genomickych druht B.
garinii, B. burgdorferi s.s., B. afzelii) pti kultivaci in vitro po ptidani SGE z nasatych klistat 1.
ricinus. Prace potvrdila nezastupitelnou roli slinnych Zlaz pfi multiplikaci patogena a
podpoftila prace tykajici se role tzv. SAT faktoru ('saliva activated transmission'), ktery
doprovazi Gspésny prenos borrelii obratlovéimu hostiteli (Pechova a kol., 2002; Machackova
a kol., 2006; Horka a kol. 2009).

(2) V tomto bloku se nachédzi dvé studie sledujici zmény v abundanci klistat a
prevalenci borrelii v klistatech 1. ricinus v rdmci dvou odlisnych biotopi pozménénych
Clovékem (vymyceni lesa, haldy po tézbé uhli), tedy v disledku zmén antropogennich.
Existuje totiz omezeny pocet eko-epidemiologickych praci zabyvajicich se konkrétnimi
antropogennimi vlivy na vyskyt klistat, vCetné jejich promotenosti vybranymi patogeny
(Gorelova a Kovalovski, 1985; Wilson, 1986; Gorelova 1987; Mather a kol., 1993; Schulze a
kol.,1995; Stafford a kol., 1998).

V prvni studii (PRACE 3) jsme se zabyvali efektem vymyceni ¢asti lesniho porostu
na abundanci klistat 1. ricinus a jejich promotenost borreliemi ve srovnani s kontrolnim
nevymycenym uUsekem (tj. vlivem zejména antropogenniho vlivu). Na vykdceném tuseku

doslo po omezené obdobi kredukci poctu klistat (tedy vcetné klistat infikovanych
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borreliemi) a tedy ke sniZzeni rizika nékazy lymskou borreliozou. Promoienost klistat
borreliemi se vSak vyznamné neliSila u vymyceného transektu ve srovndni s kontrolnim
(nezasazenym) transektem. Jiz ve 3. roce studie vSak lze na vymyceném transektu pozorovat
navrat k pavodnimu stavu. Dalsi ekologicka studie (PRACE 5) se zabyva frekvenci klistat I.
ricinus (nymf a dospélcii) a jejich promofenosti borreliemi na dvou ostravskych haldach
hlusinach (Castecné porostlych vegetaci v rdmci rekultivace) vzniklych po tézbé ¢erného uhli
a jedné kontrolni (lesni) lokalité. Pfekvapivé bylo zjisténo, ze ostravské haldy hlusiny, pokud
jsou porostlé vegetaci a navstévovany lidmi, piedstavuji stejné potencialni riziko nakazy
lymskou borreliozou jako béZzné lesni biotopy. Podobné studie v evropském kontextu nebyly
dosud provedeny.

(3) Molekularni detekce emergentnich patogenti v klistatech se v poslednich letech
stala velmi turbulentni disciplinou. Nejen Ze jsou stale identifikovany nové klistaty pfenaSené
patogeny (napi. 'Candidatus Neoeherlichia mikurensis', fleboviry Heartland nebo Henan,
thogotovirus Bourbon, B. myiamotoi v klistatech I. ricinus a I. scapularis), musime
monitorovat patogeny jiz poznané i kdyz relativné vzacné. Je tfeba si uvédomit, ze vedle
klistové encefalitidy a lymské borrelidzy kliStata prenaseji i fadu jinych humannich, mnohdy
opomijenych patogent. V ramci ucasti ve dvou evropskych projektech (EDEN a EDENext)
jsme provedli molekularni skrining zaméteny predevsim na zachyt Babesia spp., Anaplasma
phagocytophilum, Rickettsia spp. a 'Candidatus Neoeherlichia mikurensis' v nenasatych
klistatech I. ricinus. Jiz pfedtim se nam podafilo poprvé v Ceské republice zachytit patogenni
Babesia microti, pivodce lidské babeziozy u klistat I. ricinus (PRACE 2). Pii detekci A.
phagocytophilum u klistat (PRACE 4) jsme zjistili, Ze primery, které se bézné pouzivaly pro
detekci A. phagocytophilum u klistat nebo obratlovcl amplifikuji také jiné ehrlichie véetné
nepatogennich druhl ¢i variant. NaSe prace byla jedna z mala, ktera upozornila na nutnost
odliSovat patogenni a nepatogenni varianty A. phagocytophilum s ohledem na vyskyt
odliSnych variant a tedy upozornila na bias prevalencnich studii tykajicich se A.
phagocytophilum v klistatech v Evropé¢.

V dalsi studii financované Grantovou agenturou AVCR jsme se pokusili pomoci
kultivacnich a molekularnich metod popsat diverzitu kultivovatelnych baktérii v klistatech
(PRACE 7) s cilem izolovat nové druhy baktérii a také porovnat diverzitu mikroorganizmd
mezi tfemi druhy kli§tat, ktera se vyskytuji v Ceské republice a soucasné pienaseji lidské
patogeny. Prace byla ve své dob¢ pionyrskou studii, kterd se pokousela alespon Castecné
popsat diverzitu mikroorganizmi, kterd mize mimojiné ovlivnit napf. vektorovou kompetenci

kliSt'at pro pfenos patogeni. Dnes se diky progresivnimu vyvoji molekularnich metod véetné
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metody sekvenovani nové generace toto pole vyzkumu vyznamné rozs$ifilo a poskytuje
obrovsky zdroj informaci (Narasimhan a Fikrig, 2015). V nasi studii se nam podafilo zachytit
151 bakteridlnich kmenti véetné medicinsky vyznamnych druht (napt. Stenotrophomonas
maltophilia).

Ve spolupraci s kolegy z Veterinarni univerzity v Brné¢ jsme se netspésné pokouseli
detegovat vyznamného patogena psd, prvoka Babesia canis v klistatech Dermacentor
reticulatus z oblasti jizni Moravy (PRACE 9), kde byly detegovany protilatky proti tomuto
zavaznému onemocnéni u pst, ktefi nevycestovali. Psi babeziéza je dosud v Ceské republice
povazovana pouze za importovanou nakazu, je vSak nutné si uvédomit, ze toto onemocnéni se
vyskytuje u nasich slovenskych a rakouskych sousedt (Vichova a kol., 2016) a je tedy nutné
monitorovat piipadnou introdukci do Ceské republiky. V ramci molekularni surveillance
klistat I. ricinus v ptirodnim a urbannim biotopu na Ostravsku (PRACE 11) jsme poprvé u
nas detegovali Borrelia spielmanii v urbdnnim ekosystému a poukézali na riziko nékazy
lymskou borrelidézou pii navstévach méstskych parkd.

Dile se nam podaiilo poprvé v Ceské republice detegovat nékteré patogenni rickettsie,
napi. 'Candidatus Neoehrlichia mikurensis', Rickettsia helvetica a R. monacensis v nenasatych
klistatech I ricinus (PRACE 10). Ve stejném souboru kli§tat se nam podatilo detegovat
patogenni Babesia venatorum a Babesia capreoli opét poprvé v Ceské republice (PRACE
12). V ramci evropského projektu EDENext jsme béhem let 2011 az 2014 vysetfili celkem
2473 klistat (PRACE 13) a zacilili zejména na opomijené patogeny (A. phagocytophilum,
'Candidatus Neoehrlichia mikurensis', Rickettsia spp., Babesia spp.) a to v ramci tfi odliSnych
biotopll (pfirodni, urbanni a pastvinny). Na zdkladé ziskanych vysledkii jsme doporucili
epidemiologickou surveillance i t€chto opomijenych ndkaz na nasem tizemi ve vSech typech
biotopli. V ramci dal§iho evropského projektu VECTORNET, ktery ma za cil mapovani
vektorli ndkaz v Evropé jsme se zaméfili na distribuci medicinsky vyznamného klistéte D.
reticulatus v Rakousku (PRACE 14), zejména v biotopech, kde zcela chybi relevantni data.
Podafilo se nam najit nova mista vyskytu a také mista s absenci a dale vySetfit sbirana klist'ata
na humanni patogeny. Nejvyznamngj$im vystupem je prvni detekce Rickettsia raoultii, tedy
puvodce onemocnéni provazeného lymfadenopatii (DEBONEL), v klistatech D. reticulatus v
Rakousku.

Prace tykajici se molekuldrni detekce patogenii v klistatech dopliiuje séropiehled
dalSich onemocnéni pifendSenych kliStaty a to fleboviru Bhanja a flaviviru klistové
encefalitidy (PRACE 6) u 400 jedincti domacich zvifat (260 krav, 100 ovci a 40 koni) ze

severovychodniho Mad’arska. Zatimco protilatky k viru Bhanja nebyly detegovany, narozdil
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naptiklad od ovci pasenych na tizemi sousedniho Slovenska (Hubalek a kol., 1985), a kde byl
dokonce virus jiz diive izolovan z klistéte Dermacentor marginatus (Hubalek a kol., 1988),
zjisténé protilatky k viru klistové encefalitidy (26,5% u krav a 7% u ovci) odhalily ohnisko
klistové encefalitidy v severovychodnim Mad’arsku. Prace doklada dualezitost analytickych
epidemiologickych metod jako je sérologicka surveillance pfi monitorovani ohnisek nakaz

prenasenych klistaty véetné¢ odkryvani potencidlné novych ohnisek.

4.2. Prispévek autora v oblasti nakaz prenasenych komary
Komentar k pfedlozenym pracem nema charakter klasické diskuse, spiSe se snazi
reflektovat ty nejdilezitéjsi aspekty nasich studii pfipadné naznacit pfesah nasich vyzkumu.

Prace jsou v tomto komentafi ¢lenény do péti blokti:

(1) séropiehledy obratlovcii vcetné clovéka sledujici vyskyt protilatek k viru West Nile
(WNV) (PRACE 15, 16, 19, 20, 27, 34)
PRACE 15: Hubélek Z., Zeman P., Halouzka J., Juficova Z., Stovitkova E., Balkova H., Sikutova S., Rudolf .: Protilatky

k virim pfenosnym komdary u stfedoceské populace z oblasti zasazené povodni v roce 2002. Epidem. Mikrobiol. Imunol.

(2004), 53, 112-120.

PRACE 16: Hubalek Z., Zeman P., Halouzka J., Juficovd Z., Stovitkova E., Balkova H., Sikutova S., Rudolf I.:
Mosquitoborne Viruses, Czech Republic, 2002. Emerg. Infect. Dis. (2005), 11, 116-118.

PRACE 19: Hubélek Z., Wegner E., Halouzka J., Tryjanowski P., Jerzak L., Sikutova S., Rudolf 1., Kruszewicz A.G.,
Jaworski Z., Wlodarczyk R.: Serologic survey of potential vertebrate hosts for West Nile virus in Poland. Viral Immunol.
(2008), 21, 247-253.

PRACE 20: Hubalek Z., Halouzka J., Juficova Z., Sikutova S., Rudolf I., Honza M., Jankova J., Chytil J., Marec F., Sitko J.:
Serologic survey of birds for West Nile flavivirus in southern Moravia (Czech Republic). Vector-borne Zoonotic Dis. (2008),
8, 659-666.

PRACE 27: Hubdlek Z., Ludvikova E., Jahn P., Treml F., Rudolf 1., Svobodova P., Sikutova S., Betasova L., Bires J., Mojzis
M., Tinédk M., Boldizar M., Citsonova G., Stas§ikova Z.: West Nile virus equine serosurvey in the Czech and Slovak
Republics. Vector-borne Zoonotic Dis. (2013), 13, 733-738.

PRACE 34: Strakova P., Sikutova S., Jedli¢kova P., Sitko J., Rudolf I., Hubalek Z.: The Common Coot as sentinel species for
the presence of West Nile and Usutu flaviviruses in Central Europe. Res. Vet. Sci. (2015), 102, 159-161.

(2) molekularni detekce flaviviru WNV a orthobunyaviru Tahyfia v komaérech (a lidech)
(PRACE 17, 22, 30, 31, 32, 33, 35)
PRACE 17: Bakonyi T., Hubélek Z., Rudolf 1., Nowotny N.: Novel Flavivirus or New Lineage of West Nile Virus, Central
Europe. Emerg. Infect. Dis. (2005), 11, 225-231.
PRACE 22: Hubalek Z., Rudolf L., Bakonyi T., Kazdova K., Halouzka J., Sebesta O., Sikutova S., Juficova Z., Nowotny N.:

Mosquito (Diptera: Culicidae) surveillance for arboviruses in an area endemic for West Nile (Lineage Rabensburg) and

Tahyna viruses in Central Europe. J. Med. Entomol. (2010), 47, 466-472.
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PRACE 30: Rudolf 1., Bakonyi T., Sebesta 0., Pesko J., Venclikova K., Mendel J., Betasova L., Blazejova H., Strakova P.,
Nowotny N., Hubalek Z.: West Nile virus lineage 2 isolated from Culex modestus mosquitoes in the Czech Republic, 2013:
expansion of the European WNV endemic area to the North? Euro Surveill. (2014), 19, pii=20867.

PRACE 31: Hubalek Z., Sebesta O., Pesko J., Betasova L., BlaZejova H., Venclikova K., Rudolf I: Isolation of Tahyna virus
(California Encephalitis Group) from Anopheles hyrcanus (Diptera, Culicidae), a mosquito species new to, and expanding in,
Central Europe. J. Med. Entomol. (2014), 51, 1264-1267.

PRACE 32: Pachler K., Lebl K., Berer D., Rudolf I., Hubalek Z., Nowotny N.: Putative New West Nile virus lineage in
Uranotaenia unguiculata mosquitoes, Austria, 2013. Emerg. Infect. Dis. (2014), 20, 2119-2122.

PRACE 33: Kolodziejek J., Seidel B., Jungbauer C., Dimmel K., Kolodziejek M., Rudolf 1., Hubalek Z., Allerberger F.,
Nowotny N.: West Nile virus positive blood donation and subsequent entomological investigation, Austria , 2014. PLoS One.
(2015), 10, e0126381.

PRACE 35: Rudolf I., Bakonyi T., Sebesta O., Mendel J., Peiko I., Beta$ové L., Blazejova H., Venclikova K., Strakova P.,
Nowotny N., Hubdlek Z.: Co-circulation of Usutu virus and West Nile virus in a reed bed ecosystem. Parasites Vectors

(2015), 8:520.

(3) vyskyt dvou opomijenych arbovirti ve Stiedni Evropé (flavivirus Usutu, orthobunyavirus

Sedlec) (PRACE 18, 26, 28, 35)

PRACE 18: Meister T., Lussy H., Bakonyi T., Sikutova S., Rudolf I., Vogl W., Winkler H., Frey H., Hubalek Z., Nowotny
N., Weissenbock H.: Serological evidence of continuing high Usutu virus (Flaviviridae) activity and establishment of herd
immunity in wild birds in Austria. Vet. Microbiol. (2008), 127, 237-248.

PRACE 26: Bakonyi T., Kolodziejek J., Rudolf 1., Bercic R.L., Nowotny N., Hubalek Z.: Partial genetic characterization of
Sedlec virus (Orthobunyavirus, Bunyaviridae). Infect. Genet. Evol. (2013), 19, 244-249.

PRACE 28: Hubalek Z., Rudolf I., Capek M., Bakonyi T., BetaSova L., Nowotny N.: Usutu Virus in Blackbirds (Turdus
merula), Czech Republic, 2011-2012. Transbound. Emerg. Dis. (2014), 61, 273-276.

PRACE 35: Rudolf1., Bakonyi T., Sebesta O., Mendel J., Pesko J., Betagova L., Blazejova H., Venclikova K., Strakova P.,
Nowotny N., Hubdlek Z.: Co-circulation of Usutu virus and West Nile virus in a reed bed ecosystem. Parasites Vectors

(2015), 8:520.
(4) entomologicka surveillance medicinsky vyznamnych komara (PRACE 21, 23, 24, 31, 36)

PRACE 21: Sebesta O., Rettich F., Minéf J., Halouzka J., Hubalek Z, Juficova Z., Rudolf L., Sikutové S., Gelbi¢ I. and Reiter
P.: Presence of the mosquito Anopheles hyrcanus in South Moravia, Czech Republic. Med. Vet. Entomol. (2009), 23, 284-
286.

PRACE 23: Sebesta O., Halouzka J., Hubalek Z., Juficova Z., Rudolf L., Sikutova S., Svobodové P., Reiter P.: Quantitative
analysis of mosquito fauna in South Moravia (Diptera: Culicidae) fauna in an area endemic for West Nile virus. J. Vector
Ecol. (2010), 35, 156-162.

PRACE 24: Sebesta O., Rudolf 1., BetaSova L., Pesko J., Hubalek Z.: An invasive mosquito species Aedes albopictus found
in the Czech Republic. Euro Surveill. (2012), 17, pii: 20301.

PRACE 31: Hubélek Z., Sebesta O., Pegko J., Betasova L., Blazejova H., Venclikova K., Rudolf L.: Isolation of Tahyna virus
(California Encephalitis Group) from Anopheles hyrcanus (Diptera, Culicidae), a mosquito species new to, and expanding in,
Central Europe. J. Med. Entomol. (2014), 51, 1264-1267.

PRACE 36: Rudolf I, Sebesta O., Strakova P., Betagova L., Blazejova H., Venclikova K., Seidel B., Téth S., Hubalek Z.,
Schaffner F.: Overwintering of Uranotaenia unguiculata adult females in Central Europe: a possible way of persistence of

the putative new lineage of West Nile virus? J. Am. Mosquito Contr. Assoc. (2015), 31: 364-365.
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(5) Emergentni Dirofilaria repens v komarech v Ceské republice a na Slovensku (PRACE

25, 29).

PRACE 25: Bockova E., Rudolf L., Kog&iSova A., Betasova L., Venclikova K., Mendel J., Hubalek Z.: Dirofilaria repens
Microfilariae in Aedes vexans Mosquitoes in Slovakia. Parasitol. Res. (2013), 112, 3465-3470.

PRACE 29: Rudolf I, Sebesta O., Mendel J., Betasova L., Bockova E., Jedlitkovéa P., Venclikova K., Blazejova H.,
Sikutova S., Hubélek Z.: Zoonotic Dirofilaria repens (Nematoda: Filarioidea) in Aedes vexans mosquitoes, Czech Republic.

Parasitol. Res. (2014), 113, 4663-4667.

(1) Nase laboratof je v ramci Ceské republiky i Evropy jedinet¢na v pouziti
sérologickych metod pii diagnostice ndkaz zptisobenych arboviry, provadime zde dlouhodobé¢
studie s vyuzitim neutralizacniho testu. Jde o velmi specificky a citlivy test, mezi
arbovirology povazovan za zlaty standard a pravé pii séroptrehledech arbovirovych nakaz v
podstaté jediny, ktery z divodu vysoké zktizené reaktivity arbovird poskytuje relevantni data.
Sérologicka surveillance patii v epidemiologii mezi zdkladni analytické metody. I kdyz v
dobé rozvoje molekularnich metod muize né€kdo tyto metody povazovat za obsolentni, neni
tomu tak. Séropifehledy lidskych onemocnéni davaji epidemiologiim pfesné informace o stavu
imunity populace a promofenosti k dané nakaze (vyznam napf. v oblasti 'herd immunity'),
hraji nezastupitelnou roli v oblasti diagnostiky arbovirdéz a mohou do urcité miry slouzit i k
odhadu rizika ndkazy v budoucnu (imunné 'naivni' populace byvéa vzdy nachylnéjsi k nové
nakaze viz epidemie horecek Chikungunya a Zika v Pacifiku).

V roce 2002 zasihly Cechy katastrofalni povodné, které zejména v Polabi byly
provazeny enormné vysokym vyskytem kalamitnich druhG komart. V ramci tzv.
povodiiovych projektt, které byly financovany v ramci GACR, jsme zaméfili nasi pozornost
na vySetfeni lokalni lidské populace na protilatky ke komary pfenosnym virim. V jedine¢né
studii (PRACE 16) bylo vysetieno 497 sér pacientil, a u 150 vzorkil se nam podatilo ziskat
parova séra nezbytna ke zjisténi recentni infekce. Oblasti byly rozdéleny do 4 zon (A, B, C,
D), které odrazely miru rizika daného mista s ohledem na pocetnost komaii populace. Nejvice
nas zajimalo, zda bude podobné& jako na jiZzni Moravé po povodnich v roce 1997 prokézana
sérologicka odpovéd’ proti viru West Nile. Séra byla vySetfena proti ctyfem arbovirim, které
by mohly cirkulovat v dané oblasti (orthobunyviry Tahytia a Batai, flavivirus West Nile a
alfavirus Sindbis). Zcela o¢ekavané byla zjisténa vysoka prevalence protilatek k viru Tahyia
(zcela nepiekvapiva se jevi byt 1 pozitivni korelace s v€kem), ktera vSak nedosahovala miru
promofenosti vi¢i dané nakaze u obyvatel jizni Moravy (Hubdlek a kol., 1999). Byla zjisténa
pouze jedna recentni nakaza virem Tahyha po povodnich a zajimavé jsou také zjisténé

protilatky k virim Batai a Sindbis (je nutné podotknout, ze byly nejprve detegovany méné
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specifickym hemaglutinaén¢ inhibi¢nim testem a dale pouze u viru Batai doplnény
neutralizacnim testem). Protilatky k viru West Nile nebyly zjistény. Prace zdlraznuje zejména
potiebu zvysené surveillance arbovirovych ndkaz po povodnich (vyznamny ptirodni faktor),
kdy dochazi k masivnimu pifemnozeni komarii a zvySeni rizika pienosu danych chorob.
Prakticky totozné vysledky jsme publikovali poté i v ramci &eského prostiedi (PRACE 15),
kdy mezi cilové publikum tentokrat patfili nasi infekcionisté a epidemiologové.

Nasledujici dvé studie probihaly v rdmci evropského projektu EDEN (Emerging
Diseases in a Changing European Environment) a pracovni skupiny pro West Nile virus
(WNV). V prvni studii (PRACE 19) jsme se zamé&fili na vySetfeni sér vybranych druhd ptaka
z Polska na protilatky k flavivirim WNV a Usutu (USUV). Z celkového poctu 78 sér koni, 20
sér kutat a 97 sér divokych ptakl vySetienych neutralizaénim testem na protilatky k WNV
bylo pozitivnich 5 mladych ¢apt (indikujici protilatky ziskané ptfirozenou infekci, nikoliv
matetské protilatky), 1 labut’ velkd (Cygnus olor) a jedna vrana Seda (Corvus cornix), tedy
celkova séropozitovita Cinila 5,2%. Zajimavosti je také detekce protilatek k viru USUV u
racka chechtavého (Larus ridibundus). Vysledky prokazaly vcelku nizkou aktivitu WNV v
Polsku v daném obdobi korespondujici s podobnymi studiemi provedenymi ve Francii (Lena
a kol., 2006) nebo Némecku (Linke a kol., 2007). V projektu EDEN jsme se v letech 2004-
2006 zaméfili na studium séroprevalence WNV u ptékid na jizni a stiedni Moravé (PRACE
20). Celkem bylo vysetieno 54 domacich kachen a hus a 391 divokych taznych i domécich
divokych ptakii pomoci specifického neutralizaniho testu a byla zjiSténa prevalence 3,3%,
kterd odrazi celkovou nizkou aktivitu WNV v dané oblasti (titry mezi 1:20 az 1:160). Byl
zjistén takeé titr 1:80 proti USUV u lysky ¢erné (Fulica atra). Protilatky prott WNV a USUV
detegované u lysek Cernych néds vedly k cilenému vySetfeni tohoto druhu na arboviry
(PRACE 34). Na zikladé vysetieni 146 lysek Cernych z oblasti stfedni Moravy se nam
podafilo detegovat protilatky k WNV (2 jedinci), USUV (9 jedincti) a dokonce u 7 jedinct se
nam pomoci neutraliza¢niho testu nepodafilo z jistotou pfifadit konkrétni arbovirus. Snad
néjaky jiny (novy) arbovirus cirkulujici v dané oblasti? Kazdopadné jsme naznacili moZnou
roli lysek ¢ernych jako vhodného sentinelu pro monitoring zvysené aktivity WNV potaZzmo
USUYV v ohnisku, podobné jako naznacily Spané¢lské studie (Figuerola a kol., 2007a,b).

Ve spolupraci s Veterindrni univerzitou v Brné a zainteresovanymi pracoviSti na
Slovensku (zejména mistni Statni veterinarni spravou) jsme se pokusili zmapovat WNV
aktivitu skriningem koni na pfitomnost protilatek k WNV v Ceské republice a na Slovensku
(PRACE 27). Vysetiili jsme celkem 395 sér koni (z toho 163 ¢eskych a 232 slovenskych) v
rozmezi let 2008 az 2011. Narozdil od Ceské republiky (nebyly detegovany specifické WNV
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protilatky) jsme u 19 slovenskych koni detegovali WNV protilatky (séroprevalence 8,3%) v
titrech 1:40 az 1:640 (v€etné autochtonnich infekci). WNV protilatky u koni byly detegovany
pfevazné u hranic s Mad’arskem, tedy zemé s autochotonnim vyskytem zapadonilské horecky
(Bakonyi a kol., 2006; Kutasi a kol., 2011). Séroprevalen¢ni studie koni (vhodnych indikéatort
pro monitoring WNV) byly v Evropé dosud provadény jen ve Spanélsku (Jimenez-Clavero a
kol., 2007), Francii  (Durand a kol., 2002; Leblond a kol., 2005), Rumunsku (Savuta a kol.,
2007) nebo Chorvatsku (Barbic a kol., 2012).

(2) Surveillance vektort ¢i obratlovcl véetné Clovéka na arboviry patii mezi nase
vyzkumné priority. Zvlasté v dasledku zvysené cirkulace WNV v Evrop¢ jsme se v ramci
dvou evropskych projektii zamétili na molekularni detekci WNV v pienasecich (komarech) a
také u lidi. Zejména surveillance komart na arboviry (PRACE 22, 30, 31, 35) se staly
dilezitym podkladem pro zjisténi cirkulace arbovirti na jizni Moravé. V letech 2006 az 2008
jsme izolovali a nasledné identifikovali 5 kmenti orthobunyaviru Tahyiia z komart Ae.
vexans, Ae. sticticus a Cx. modestus a soucasné jeden kmen WNV linie Rabensburg z komara
Ae. rossicus (PRACE 22). Nalez je zajimavy tim, e tento potencialni novy vektor pro virus
Rabensburg preferuje pii sani savce vcetné ¢lovéka a naznacuje tak mozny cyklus 'savec-
komar' pro cirkulaci této linie v ohnisku (narozdil od cyklu 'ptdk-komar', ktery je pro WNV
charakteristicky). V roce 2014 jsme publikovali v prestiznim epidemiologickém casopise
Eurosurveillance detekci WNYV linie 2 z komart Cx. modestus (vysetfeno asi 30000 komart)
a to poprvé u nas (PRACE 30). Prace nabada ke zvy3ené epidemiologické surveillance tohoto
onemocnéni v ramci Ceské republiky ve svétle nedavno probéhlych epidemii v Mad’arsku
(Kutasi a kol., 2011), Recku (Papa a kol., 2010), Italii (Angelini a kol., 2010) nebo Srbsku
(Popovic a kol., 2013).

Zajimava izolace Tahyha viru z komart An. hyrcanus je zminéna v kapitole o
entomologické surveillance. Molekularni detekce arbovirt v komadarech uzavird studie s
prvnim zachytem USUV v komarech Cx. modestus (PRACE 35) véetné ko-cirkulace USUV
a WNV na rybnicich Lednicko-valtického arealu. Prace také naznacuje moZnou existenci
pfirodniho a urbanniho cyklu USUV podobné jako u jinych arboviréz (dengue, zluta
zimnice).

V ramci nasi dlouholeté spoluprace s Veterinarni univerzitou ve Vidni se ndm podaftilo
popsat genomy dvou linii WNV a to WNV linie 3 - Rabensburg (PRACE 17) a WNV linie 9
(PRACE 32). Nezanedbatelna je i nase Gcast v popisu detekce a izolace WNV viru v krvi
donora z Rakouska z roku 2014 vcetné detekce WNV v komadrech z mista bydlist¢ donora

(PRACE 33), naznacujici autochtonni cirkulaci WNV v sousednim Rakousku. ProtoZe v roce
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2015 byl detegovan lidsky piipad zapadonilské horeCky nedaleko nasich hranic s Rakouskem
(Gstni sde€leni prof. Norbert Nowotny), ve spolupraci s klinikou infekénich nemoci FN Brno
jsme v roce 2015 zacali proSetfovat podezielé piipady aseptickych meningitid a encefalitid z
oblasti Breclavska, Mikulovska a Hodoninska.

(3) Velmi zajimavy piib¢h se tyka dalSiho exotického arboviru prendseného komary.
Jde o flavivirus Usutu (USUV), ktery se endemicky vyskytuje v Africe a vliibec poprvé byl
izolovan z komara Cx. neavei v jizni Africe v roce 1959 (McIntosh a Bruce, 1985). V roce
2001 vsak doslo v Rakousku, konkrétné ve Vidni a okoli, k masivnimu hynuti kosi obecnych
(Turdus merula). Nasi kolegové z Veterinarni univerzity ve Vidni virus pomoci
imunohistochemiskych a molekularnich metod identifikovali jako stfedoevropskou linii
USUV (Weissenbock a kol., 2002). V nasledujicich letech nasledovalo v dasledku S$ifeni
USUV hynuti 1 u dalSich ptacich druhG (napi. pustici, Strix nebulosa) piedevSim ve
vychodnim Rakousku. V roce 2003-2006 jsme s videniskymi kolegy sérologicky vySettili 442
sér 55 ptagich druhtt (PRACE 18) a konfirmovali slabnouci cirkulaci USUV v Rakousku
(stav tzv. 'herd immunity'). Netradi¢ni zachyt USUV se nam podafil v roce 2011 (PRACE
28), kdy nam nas kolega ornitolog Dr. Miroslav Capek poslal uhynulého kosa, kterého nasel v
Brné Pisarkach. Usp&né jsme z néj izolovali a molekuldrn& determinovali evropskou variantu
USUV, velmi podobnou kmentim detegovanym v sousednim Rakousku (Weissenboeck a kol.,
2002) nebo Mad’arsku (Bakonyi a kol., 2007). V roce 2013 se nam podaftilo detegovat virus i
v komérech Cx. modestus na Bfeclavsku (PRACE 35) a tim jsme naznaéili moZnou cirkulaci
tohoto potencidlné patogenniho viru na jizni Moraveé. USUV byl piekvapivé detegovan i u
pfipadi neuroinvazivnich onemocnéni ¢lovéka v Chorvatsku (Vilibic-Savlek a kol., 2014)
nebo u imunokompromitovaného jedince v Italii (Pecorari a kol., 2009).

Vedle USUV se nam podafilo geneticky charakterizovat i dalsi 'efemerni' virus
pojmenovany Sedlec (PRACE 26) a izolovany v roce 1984 z krve rakosnika obecného
(Acrocephalus scirpaceus). Virus byl na zakladé morfologickych a fyzikaln&-chemickych
vlastnosti pfifazen k bunyavirim. Po sekvenaci S segmentu (nukleokapsid) a L-segmentu
(RNA dependentni RNA polymeraza) viru byl zatazen jako nejblize ptibuzny dvou dosud
neidentifikovanych virtt (1612045 a Oyo), naznacujici novou séroskupinu v rdmci rodu
Orthobunyavirus, blizko antigenni skupiné Simbu. Zajimavé je pfipomenout dalsi dva viry ze
skupiny Simbu: pro ¢loveéka patogenni virus Oropouche (Hubdlek a Rudolf, 2011) a takeé
veterinarné vyznamny virus Schmallenberg, ktery byl popsan teprve nedavno v zéapadni
Evropé a ktery zpiisobuje poskozeni plodl zejména u domacich prezvykavci (Hubalek a kol.,

2014). Oba viry pienaseji pakomarci. Ze by stejné platilo i pro virus Sedlec?
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(4) Entomologickd surveillance se stava velmi cennou metodou pro zachyt
nebezpecnych vektorii ndkaz na sledovaném tzemi. Pravidelny monitoring komart jako
prenaseéti onemocnéni dnes v Ceské republice provadime osamoceni, piesto se nam daii
ziskavat v ramci komaii fauny medicinsky i epidemiologicky cennd data (PRACE 23). V
roce 2008 se nam podatilo zachytit v ramci pravidelného monitoringu komara Anopheles
hyrcanus, ktery v Asii pfena$i malarii, mezi prvnimi na nasem tzemi (PRACE 21). K
podobnym vysledkiim dospéla i parazitologicka skupina z Karlovy univerzity (Votypka a kol.,
2008). My vsak tento novy druh pro Ceskou republiku nadale monitorujeme a zjistujeme, Ze
jeho pocetnost se rapidné zvySuje a aredl rozSifuje. Naptiklad jsme tento druh neddvno
zachytili na Hodoninsku, kde se predtim nevyskytoval (dosud nepublikovana data). Tento
druh komara k nam mohl byt introdukovan pravdépodobné z jizniho Slovenska, odkud byl
diive popsédn (Halgo§ a Benkova, 2004), nebo po léta odbornikiim unikal v disledku
neexistence pravidelné surveillance. Navic se nam v roce podafilo z tohoto druhu koméara
izolovat patogenni virus Tahyfa a to poprvé v Evropé, jedind podobna prace pochéazi z
Azerbajdzanu (Lvov a kol., 1972) (PRACE 31). Tahytia virus se u nas endemicky vyskytuje
v oblastech jizni Moravy a Polabi a je pfendSen pfedevSim komary rodu Aedes (nejcastéji Ae.
vexans, Ae. cantans). Komar An. hyrcanus se tak mlze stat dal§im potencialnim pfenaseCem
tototo viru v Evropé. Podstatné je vsak zjisténi, ze velmi zéhy po introdukci tohoto komaiiho
druhu doslo k nélezu patogenniho arboviru v ném, coz naznacuje mozna rizika a paralely pro
jiné komaii vektory a agens.

V Evropé byl dosud zaznamenan vyskyt 5 invazivnich druhit komard, u kterych bylo
prokdzéano, Ze mohou byt vektorem onemocnéni ¢lovéka. Jedna se o druhy Aedes aegypti, Ae.
albopictus, Ae. japonicus, Ae. koreicus a Ae. triseriatus (Medlock a kol., 2015).

Aedes albopictus (tzv. tygii komar) pochézi z tropické jihovychodni Asie, odkud se koncem
minulého a v souCasném stoleti rozsifil témer do celého svéta vcetné Evropy, kde je
nepochybné nejrozsifenéj$im a ze zdravotniho hlediska i nejdilezitéjsim invazivnim druhem.
V Evropé byl poprvé zjistén jiz v 70. 1étech v Albanii (Adhami a Reiter, 1998), kam byl
zavleten se zbozim dovezenym z Ciny. V roce 1990 byl zaznamenan vyskyt také v Italii a
tygii komar byl dosud zjistén v 25 zemich Evropy - v Albanii, Bosné¢ a Hercegoving,
Bulharsku, Chorvatsku, Francii, Recku, Italii, Malté, Monaku, Cerné Hofe, Rumunsku,
Rusku, San Marinu, Slovinsku, Spanélsku, Svycarsku, Turecku a Vatikdnu se jiz trvale
usidlen, v Rakousku, Belgii, Némecku, Nizozemsku, Srbsku a Slovensku se pravdépodobné
jesté neusadil (Medlock a kol., 2015). Uplna eradikace tohoto druhu komara je dnes v Evropé

témé&f nemoznd. V roce 2012 jsme zaznamenali jeho vyskyt v Ceské republice (PRACE 24).
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Je vyznamnym vektorem ptvodcii fady onemocnéni, predevsim virtt Chikungunya, Dengue a
zluté zimnice, ale i nematodi (dirofilarie). Pravdépodobné bude hrat roli i v pfenosu viru Zika
(Wong a kol., 2013; Di Luca a kol., 2016), coz se muiZe stat rizikovym pro mozné epidemie
této horecky v jizni Evropé, kde je tento komar velmi dobie etablovan. Tento scénaf neni
nerealny ve svétle probéhlé epidemie horecky chikungunya v roce 2007 v italské Ravenné
(Rezza a kol., 2007).

Veelku raritni publikaci (PRACE 36) je zachyt sami¢ky komara Uranotaenia
unguiculata v kolekci ptfezimujich komart v roce 2015. Dosud totiz nebyly relevantni udaje o
pzezimovani tohoto druhu komara ve stfedni Evropé, navic jeho zachyt naznacuje mozny
zpiisob piezimovani nové linie viru WNV v Evropé (Pachler a kol., 2014).

(5) Dirofilariéza patfi mezi emergentni zoondézu prendsenou komdry. Mize
zpusobovat onemocnéni u kockovitych Selem, zejména psi, a spiSe vzadcné onemocnéni u
cloveka. Dirofilaria repens u psu zpusobuje predevSim subkutanni formu onemocnéni
zatimco D. immitis zpisobuji velmi nepiijemné onemocnéni zasahujici srde¢ni arterie a plice
(Genchi a kol., 2011). U ¢loveka se nejcastéji objevuji kozni ¢i oéni forma (Hrckova a kol.,
2013; Antolova a kol. 2015). V ramci molekularni surveillance komarti na vybrané arboviry
jsme se pokusili i o detekci patogennich dirofilarii v komarech (PRACE 29). Protoze toto
onemocnéni bylo zjisténo u pst na jizni Moravé (Svobodova a kol., 2006), zacilili jsme prave
na danou oblast. Poprvé v Ceské republice se nam podafilo detegovat patogenni dirofilarie
druhu D. repens v komarech Aedes vexans, ktefi patfi mezi nejpocetnéjsi tzv. zaplavové druhy
a pii pfemnoZeni plisobi znacné kalamity a mohou se tak stdt nemalym rizikem pravé pro
ptenos dirofilarii na psy potazmo clovéka. DilezZitost naseho vyzkumu doklada recentni prace
tymu prof. Kolarove, ktera popisuje prvni ¢tyti lidské ptipady dirofilariézy z jihomoravského
regionu (Mat&ju a kol., 2016). Na zéklad¢ detekce dirofilarii v komérech, psich a lidskych
ptipadii mizeme tvrdit, Ze dirofilariéza se stava dalsi novou zoonézou pro Ceskou republiku,
nejméné vSak pro jizni Moravu. Metodicky velmi podobnou praci jsme publikovali se
slovenskymi kolegy, kdy jsme rovnéZ detegovali dirofilarie v komarech poprvé na Slovensku

(PRACE 25).

4.3. Souborné prace, kniha a kapitola v knize tykajici se nakaz prenaSenych hematofagy

Nasledujici kapitola obsahuje pfedev§im souborné prace typu review zacilené na
patogeny pienaSené hematofagnimi clenovci. Prace jsou fazeny chronologicky dle data

uvetejnéni.
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PRACE 37: Rudolf. I, Hubalek Z., Sikutova S., Svec P.: Opomijené virové infekce prenasené hematofagnimi ¢lenovci
v Ceské republice. Epidem. Mikrobiol. Imunol. (2008), 57, 80-89.

PRACE 38: Hubalek Z., Rudolf 1.: Microbial Zoonoses and Sapronoses, 1st Edition., Springer, Dordrecht, 2011. ISBN: 978-
90-481-9656-2.

PRACE 39: Hubalek Z., Rudolf I.: Tick-borne viruses in Europe. Parasitol. Res. (2012), 111, 9-36.

PRACE 40: Estrada-Pena A., Hubalek Z., Rudolf 1. 2014. Tick-transmitted viruses and climate change. In Viral Infections
and Global Change, First Edition. Ed. K. Singh. ISBN: 978-1-118-29787-2 Published Online: NOV 2013
DOI: 10.1002/9781118297469.ch31

PRACE 41: Hubalek Z., Rudolf I., Nowotny N.: Arboviruses pathogenic for domestic and wild animals. Adv. Virus Res.
(2014), 89, 201-275.

PRACE 42: Rizzoli A., Silaghi C., Obiegala A., Rudolf 1., Hubalek Z., Foldvari G., Plantard O., Vayssier-Taussat M., Bonnet
S., Spitalské E., Kazimirova M.: Ixodes ricinus and its transmitted pathogens in urban and peri-urban areas in Europe: new

hazards and relevance for public health. Frontiers in Public Health. (2014), 2, 251.

Review pokryvajici svym zabérem arboviry v ramci Ceské republiky (PRACE 37)
bylo sestaveno s cilem informovat zejména Sirokou lékaiskou vefejnost véetné infekcionista a
epidemiologli o opomijenych arbovirech a onemocnénich, kterd zplsobuji s cilem zdlraznit
nutnost surveillance mnohdy nehladSenych ¢i jinak opomijenych onemocnéni. Je tfeba si
uvédomit, ze velké mnozstvi tzv. aseptickych virovych meningitid byva v letnich mésicich
nespravné diagnostikovano a miize byt zplsobeno pravé témito tzv. opomijenymi viry.
Review vzniklo k 50. vyro¢i udalosti, kdy dva nasi badatelé, Vojtech Bardo§ a Vlasta
Danielova, izolovali na vychodnim Slovensku prvni evropsky arbovirus pfendSeny komary a
nazvali jej podle mista objevu Tahyfa (Bardo$ a Danileova, 1959). V Ceské republice se totiz
krom¢ viru stiedoevropské klistové encefalitidy vyskytuje dalSich 7 arbovird (Flavivirus
West Nile, Bunyavirus Tahyna, Bunyavirus Lednice, Bunyavirus Batai, Orbivirus Tribeg,
Uukuvirus Uukuniemi), z nichz onemocnéni ¢lovéka prokazateln¢ zptsobuji arboviry West
Nile, Tahyfa, Tribe¢ a pravdépodobné Batai. Navic byly u nas detegovany protilatky k dal§im
dvéma pro c¢lovéka patogennim arbovirim vyskytujicim se na evropském kontinentu
(Alphavirus Sindbis a Coltivirus Eyach), aniz by vSak tyto viry byly izolovany (Hubalek a
Rudolf, 2011). V komentafi bych rdd zminil dva opomijené viry, které jsou i1 odborné
vefejnosti v podstaté neznamé, ovSem mohou zpiisobovat klinickd onemocnéni. Prvnim je
orbivirus Tribe¢ ptenaSeny klistaty, ktery zpisobuje horec¢naté onemocnéni (GreSikova a
Nosek, 1981), nékdy provazené aseptickou meningitidou, sérokonverze byla prokdzéna u
pacientll v Cechach (Frankova, 1981; Libikova a kol., 1970) i na Moravé¢ (Hubalek a kol.,
1987), kde byla navic zjiSténa akutni ndkaza virem Tribe¢ u 14 osob na Znojemsku:
pfevazujici klinickou manifestaci byla ser6zni meningitida. Na Moravé byly zjiStény
protilatky k viru Tribe€ u 16 % pacientt s diagn6zou meningoencefalitidy (Libikova a kol.,

1978MedlockMunderlohTatem). Druhym opomijenym arbovirem je bunyavirus Tahyfa,
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ktery zplsobuje valtickou horecku (Hubalek a Rudolf, 2011). Pfi pfemnozeni komafi
populace, pfevazné po povodnich nebo pfi jarnim povodiovani luznich lest, stoupd i riziko
nakazy valtickou horeckou. Urcité (mnohdy nezanedbatelné) procento febrilnich stavi déti
v letnich mésicich, stejné tak dospé€lych, kteii se s infekci dosud nesetkali, mize byt
zpusobeno pravé valtickou horecCkou, avSak onemocnéni notoricky unikd pozornosti
infektologli 1 epidemiologi. Dal§imu zivaznému onemocnéni, zapadonilské horecce je
vénovan dostatecny prostor predevsim v kapitole o surveillance WNV.

Zminéné review je dale doplnéno diagnostickym klicem pro arbovirdzy, ktery neni
trividlni, zeyjména pokud jde o sérologické vysetieni vzorkl ve svétle zkiizené reaktivity mezi
jednotlivymi arboviry Celedi Flaviviridae. Review je zajimavé tim, ze presto Ze je psano v
Ceském jazyce, je diky anglickému abstraktu vyhledavano zahrani¢nimi kolegy z oboru.

Dostupnych informaci o stdle opomijenych arbovirech je stdlo malo.

Druhym soubornym dilem je monografie v anglickém jazyce (PRACE 38) pokryvajici
dosud popsana zoonotickd a sapronotickd onemocnéni. Jde v podstaté o velmi podrobné
kompendium informaci o zoonodzach a saprondzach, které je urceno predevSim pro
ptirodovédce. Dilezitym aspektem knihy je dliraz na tzv. emergentni onemocnéni. Mezi
zoondzami a saprondzami se v dneSni dobé stale objevuji zavazné nemoci zcela nové (napf.
koronairy SARS, MERS, vir6zy Hendra a Nipah), nové poznané (lidska anaplazmoza),
vracejici se (zapadonilskd horecka v Evropé€), se vzristajici incidenci (kampylobakteroza),
geograficky expandujici (zdpadonilska horecka v Americe), s ménicim se okruhem hostitelil
(bartoneldzy) €i prenasect (Ae. albopictus), anebo nove se klinicky manifestujici (horecka
Zika), pro né€z se v anglictiné pouziva souhrnného terminu "emerging/re-emerging diseases",
a v Gedtiné je lze oznadit jako ,,nakazy (re)emergentni®. Rada téchto onemocnéni je vyvolana
schopnosti nékterych patogeni piekonat mezidruhovou bariéru (angl. 'species barrier’)

hostitelti, coZ dokazuji napf. ptaci chiipka nebo SARS.

V celém textu je kladen vétSi diiraz na ekologické aspekty zoondz a saprondz
(hematofagni pienaSeci ndkaz a jejich bionomie; obratlovci hostitelé zoondz; biotopy piivodci
a vektord nakaz a jejich zemépisné rozsifeni; pfirodni ohniskovost ndkaz) nez na detaily
klinické nebo terapeutické, které jsou zmin€ény mnohdy spiSe heslovit¢ nebo okrajové.
Hlavnim pfinosem prace je rovnéz diiraz na saprondzy, tedy nemoci pfenosné na ¢loveka z
vnéjsiho abiotického prostedi - pidy, tlejicich rostlin, exkrementt ¢i rozkladajicich se mrtvol
zivocichll, vody a jinych substrati - v némz se vSak pivodce nakazy aktivné mnozi. Toto

organizac¢ni ¢lenéni nemoci (na antropondzy, zoondzy a saprondzy) neni ¢asto piijimano Sirsi
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odbornou vetejnosti, proto se objevuje jen malo praci, které aspekt saprondz zduraziuji.
Kniha si nasla velmi rychle své cCtenafe, jak vymluvné naznacuje pocet koupenych

(stahnutych) kapitol knihy v nakladatelstvi Springer (viz Ptilohy).

V roce 2011 jsme na oborové konferenci "Ticks and Tick-borne Diseases" v Zaragoze
piedstavili piehled arbovirti pfendsenych klistaty v Evropé. Pro velmi kladny ohlas mezi
kolegy, ktefi nds zadali o powerpointovou prezentaci, nds napadlo pfipravit review v tiSténé
formé¢ (PRACE 39). Review je jedine¢né tim, Ze zahrnuje vSech 27 dosud popsanych
arboviri pienaSenych klistaty v Evropé: flaviviry stfedoevropské klistové encefalitidy
(TBEV), louping-ill (LIV), Tyuleniy (TYUV), a Meaban (MEAV); orthobunyaviry Bahig
(BAHV) a Matruh (MTRYV); fleboviry Grand Arbaud (GAV), Ponteves (PTVV), Uukuniemi
(UUKYV), Zaliv Terpeniya (ZTV), a St. Abb’s Head (SAHV); nairoviry Soldado (SOLV),
Puffin Island (PIV), Avalon (AVAV), Clo Mor (CMV), krymsko-konzské hemoragické
horecky (CCHFV); bunyavirus Bhanja (BHAV); coltivirus Eyach (EYAV); orbiviry Tribe¢
(TRBV), Okhotskiy (OKHV), Cape Wrath (CWV), Mykines (MYKYV), Tindholmur (TDMV),
a Bauline (BAUV); dva thogotoviry (Thogoto THOV Dhori DHOV); a jeden asfivirus (virus
africké horecky prasat ASFV). Zaméfili jsme se zejména na taxonomické zafazeni virt,
pfenaSeCe, obratlovéi hostitele, onemocnéni c¢loveka, diagnostiku a dostupnou terapii,
ptipadné vakcinaci. Geografické rozsiteni virti je pfehledné¢ zndzornéno na mapkach. Cenné
jsou ptedevsim tabulky, které shrnuji jednak experimentalni patogenitu vird na zvifecich
modelech a jednak citlivost jednotlivych bunéénych kultur k dané Skale vird. Na zakladé

dosavadni citovanosti lze fici, Ze review si béhem let ziskava své Ctenare.

Toto review se posléze stalo podkladem pro kaiptolu (PRACE 40) v knize Climate
Change and Vector-borne Viral Diseases (editor: Sunit K. Singh), ktera ve 32 kapitolach
pojednava o zejména emergentnich patogenech, novych hrozbach v rdmci infekénich chorob
pro lidstvo a to zejména v souvislosti s globdlnimi zménami environmentdlnimi (zména
klimatu, povodné, hurikany) ¢i socio-ekonomickymi (demografické zmény vetné migrace a
mobility, mezinarodni obchod, dovoz zvitat a zvitecich produktd véetné ilegalniho dovozu viz
napf. 'bushmeat trade' nebo 'pet animals import'). Mezi komentovanymi patogeny se objevuji
napf. SARS, zoonotické orthopoxviry, alfavirus O'nyong-nyong, zoonotické genotypy
hepatitidy E, hantaviry, astroviry, rotaviry a noroviry, arboviry Thogoto, Usutu, Henan nebo

Heartland.

Poslednich 20 let se ve svétové odborné literatuie neobjevila soubornd prace mapujici

arboviry patogenni pro zvifata. Navic s globdlnim obchodem se zvifaty nartistd zejména pro
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Evropu riziko introdukce dosud exotickych infekci jako je napi. virus africké horecky prasat
(nyni zaznamenan zvySeny vyskyt v zemich vychodni Evropy viz PROMED-MAIL:
PRO/AH/EDR> African swine fever - Europe (18): Ukraine, Russia, Baltic, Poland, spread;
Archive Number: 20150822.3595512) nebo flebovirus horecky Rift Valley (ktery je pienasen
komary Ae. vexans a ktery by v piipad¢ introdukce mohl mit katastrofalni dopad zejména na
chov hospodarskych zvifat v Evrop¢). Nesmime opomenout ani zcela novy bunyavirus
Schmallenberg, objeveny v roce 2011, ktery zejména v zapadni Evropé béhem epizootie
zpusobil nemalé Skody u domacich piezvykavcli (Wernike a kol., 2015). V posledni dobé
byly v Evropé zaznamenany také epidemie Q horecky v Nizozemi nebo epidemie horecky
bluetongue v severozapadni Evropé (Maclachlan a kol., 2015; Morroy a kol., 2016). To vse
bylo motivaci k sestaveni tohoto piehledu (PRACE 41), ktery byl posléze velmi dobfe piijat i
Sir§i odbornou obci a otistén ve velmi prestiznim virologickém casopise. Review podava
detailni informace (taxonomie, geografické rozsifeni, prenaseci, hostitelé¢, onemocnéni) o 55
arbovirech patogennich pro zvitata, které nalezeji do 7 Celedi: Togaviridae (komary pienasené
viry vychodni, zapadni a venezuelské encefalomyelitidy koni, viry Sindbis, Middelburg,
Getah a Semliki Forest), Flaviviridae (komary pfrenaSené viry Zluté zimnice, japonské
encefalitidy, encefalitidy Murray Valley, West Nile, Usutu, izraelské meningoencefalitidy
krat, Tembusu a Wesselsbron; klistaty pfenasend klistova encefalitida, louping ill, Omska
hemoragicka horecka, horecka Kyasanurského pralesa a Tyuleniy), Bunyaviridae (klistaty
pfenasené viry jako Nairobi sheep disease, Soldado a Bhanja; komary pfenasené viry horecky
Rift Valley, La Crosse, Snowshoe hare a Cache Valley; tipliky-pfenaSené viry Main Drain,
Akabane, Aino, Shuni, a Schmallenberg), Reoviridae (tipliky-pfenaSené viry afrického moru
koni, Kasba, bluetongue, epizootickd hemoragicka nemoc jelenct, Ibaraki, konska encefal6za,
peruanskd nemoc koni a Yunnan), Rhabdoviridae (flebotomy a komary prenasené bovinni
epizootickd horecka, vezikuldrni stomatitida-Indiana, vezikularni stomatitida-New Jersey,
vezikularni stomatitida-Alagoas and Coccal), Orthomyxoviridae (klistaty prenaSeny virus

Thogoto), a Asfarviridae (klistaty pfenaSeny virus africké horeCky prasat).

Posledni souborna studie (PRACE 42) vznikla jako kolaborativni projekt v ramci
evropského projektu EDENext (Biology and control of vector-borne infections in Europe),
kterého se nase laboratof zacastnila v letech 2011 az 2015, konkrétné skupiny zabyvajici se
emergentnimi ndkazami piendSenymi klistaty. Hlavnim cilem review bylo rekapitulovat
dostupné udaje o emergentnich nakazach ptenaSenych klistaty a to v urbannich a peri-

urbannich biotopech. Zda se totiz, Ze prave tyto biotopy se stavaji vyznamnymi z hlediska tzv.
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'public health', i kdyz dosud byl tento aspekt spiSe opomijeny. V review jsou shromazdéna
data o patogenech (virus stiedoevropské klistové encefalitidy, B. burgdorferi, A.
phagocytophilum, 'Candidatus Neoehrlichia mikurensis', Rickettsia spp., Babesia spp.)
pienasenych klistétem 1. ricinus, hlavnich obratlovCich hostitelich a dale udaje o prevalencich
sledovanych patogenti v klistatech. Dtilezitym aspektem je zdiraznéni socio-ekonomickych
faktorti (napf. "outdoorové" aktivity, reforestace a tvorba novych zelenych piiméstskych
oblasti, zahradni¢eni, chov drobnych zvifat), které mohou zvySovat expozici Cloveka
klistatim potazmo klistaty prenaSenym patogeniim. Prace také neopomiji zdlraznit pojmy

jako eko-epidemiologie a One-health, které jsou dnes velmi propagovany.

38



5. Zavér

Perspektivy vyzkumu emergentnich niakaz prenaSenych hematofagnimi ¢lenovci aneb
nové hrozby i vyzvy

Jesté jednou si vypujéim trefnou vétu doc. Lud’ka DanesSe, kterou zmifnuji v uvodni
pasazi: "Nové studie pfindseji nejen zpravy o rozsifeni nékterych arbovirt a jejich ptibuznych
do mist, o nichz se dosud nevéd¢lo, ale ukazuji, ze je nutno pocitat i se vznikem kombinaci
virG s novymi vlastnostmi, které mohou kdykoli pfinést velka prekvapeni. Viry, které jsou
dnes malo vyznamné, se mohou stat velkymi patogeny, mohou ménit sva ptisobisté, hostitele i
prenaSeCe. Je na misté skromnost a zapotiebi smifit se s tim, ze vSechny védecké poznatky
mohou platit jen docasné, protoZze pfiroda a ptirodni ohniska se vyvijeji a méni dal, i kdyz
velmi pomalu (Danes, 2003). Tato slova vyznamného ¢eského virologa nelze jisté brat na
lehkou vahu a Ize si jen prat, aby se komplexni vyzkum arbovirti véetn¢ dalSich bakterialnich
€1 protozoarnich agens, jez pienaseji, nadale rozvijel". Je vSak nezbytné tato slova doplnit.
Nejenom varianty patogenti, ale dokonce nové patogeny jsou diky progresivnim
molekularnim metodam stale objevovany. Jmenujme alespoil par novych patogennich agens
pfenasenych hematofagy z posledni doby: arboviry Heartland, Henan ¢i Bourbon, baktérie
'Candidatus Neoehrlichia mikurensis' anebo Borrelia myiamotoi a dalsi (Hubalek a Rudolf,

2011).

Vyzkum ekologie zoondz u nas ma jisté¢ na co navazovat. Studium jejich biologie a
ekologie, které intenzivné probihalo v 50. az 80. letech 20. stoleti v byvalém Ceskoslovensku,
posunulo tuto védni disciplinu vyznamné vpied. Mnozi Cesti a slovensti badatelé (vétSinou
virologové) (abecedné: Vojtech BardoS, Rudolf Benda, Dionyz Blaskovi¢, Ludék Danes,
Vlasta Danielova, Elo Ernek, Milota Gresikova, Jaroslava Holubova, Jifi Januska, Jan Maria
Kolman, Otto Kozuch, Milan Labuda, Helena Libikova, Doubravka Malkova, Josef Nosek,
Zden¢k Hubdalek a mnozi dal$i) patii k prukopnikiim jak v evropském, tak i svétovém
méfitku, a nékteré jejich prace jsou stale pro svou platnost hojné€ citovany. Navic navazujici
vyzkum Parazitologického tstavu AVCR, zejména skupin vedenych prof. Liborem
Grubhofferem, prof. Janem Kopeckym ¢i doc. Danielem Riizkem, jsou zarukou, ze vyzkum

onemocnéni prendSenych hematofagy ma své pokracovatele.

Nase pracovisté ve Valticich se diky nckolika evropskym projektiim stala provazana
z tfadou Spic¢kovych pracovist v Evropé (Pasteur Institute v Pafizi, Fridrich Loffler Institute v

Greiswaldu, Institute for Tropical Medicine v Mnichové€, Veterinary University ve Vidni,
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Public Health England v Porton Down) a zejména cenné jsou tésné kolaborace s Evropskym
centrem pro prevenci a kontrolu nemoci (ECDC) ve Stockholmu a Centrem pro kontrolu
nemoci (CDC) v americkém Fort Collins. Dovolim si fict, Ze dnes stojime v prvni linii v
zachytu emergentnich nakaz pienasenych hematofignimi ¢lenovci v ramei Ceské republiky.
vyskytem klistat a komarti, umoznuje v€asny zachyt novych patogeni a dokonce invazivnich

vektorl, coz se ndm v minulosti podatilo nékolikrat prokazat.

V budoucnu nas jisté cekaji nové hrozby, kterym budeme muset Celit a na které
bychom méli byt pfipraveni (import exotickych arbovirti z tropickych oblasti v disledku
migrace obyvatel a zvifat, posun vektorti do vyssich zemépisnych Sitek v disledku zmén
klimatu, introdukce novych patogent v dasledku mezindrodniho obchodu se zvitaty (véetné
tzv. pet animals) (Tatem a kol., 2006; Hubalek a Rudolf, 2011). Evropska unie (narozdil od
Ceské republiky) si uvédomuje tato realna rizika, a proto posilila svoji podporu financovanim
projekti 6. a 7. rdmcového programu se zaméfenim na re-emergentni nakazy vcéetné téch
pfenasenych hematofagnimi ¢lenovci (projekty EDEN, EDENext, VECTORIE, Antigone,
EuroWestnile nebo Vmerge). Doufejme, ze nové vyzvy nas cekaji i v programu
HORIZON2020. Historie nedavnych epidemii zapadonilské horecky v Americe (Nasci a kol.,
2001), horecky chikungunya na ostrovech Indického oceanu (Mauritius, Seychelly, Mayotte
a Reunion) véetné prvni evropské autochtonni epidemie horecky chikungunya v Italii v okoli
Ravenny (Rezza a kol., 2007) aZ po nynéjsi rozsdhlou epidemii horecky Zika v JiZni a stfedni
Americe (Wikan a Smith, 2016) budiZ nd&m mementem, Ze boj s epidemiemi zdaleka nekon¢i.

A soucasn¢ pro nas také vyzvou a motivaci jak tento boj 1 nadale svadét.
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Rudolf I., Hubalek Z. 2003. Effect of salivary gland and midgut extract from Ixodes ricinus
and Dermacentor reticulatus (Acari: Ixodidae) on the growth of Borrelia garinii in vitro.
Folia Parasitol. 53: 159-160.

Struéna charakteristika: interakce mezi patogenem a vektorem (klistétem) je urCujici pfi
pfenosu agens pienaSenych klist'aty (stejn¢ jako i jinymi hematofagnimi ¢lenovci), zejména
potom stievo, hemolymfa a slinné zlazy vektora hraji pii pfenosu patogena nezastupitelnou
roli. Ve studii jsme zkoumali efekt extraktl slinnych zlaz (SGE) a stfeva (MGE) nenasatych
klistat Ixodes ricinus (kompetentniho vektora Borrelia burgdorferi) a klistat Dermacentor
reticulatus (nekompetentniho druhu pro ptenos B. burgdorferi) na motilitu a rist patogenni
Borrelia garinii in vitro. Zatimco SGE a MGE I ricinus stimulovaly signifikantné rtst
borrelii, extrakty D. reticulutus neovlivitovaly zpocatku vyznamné rast borrelii, a dokonce
pusobily inhibiéné pii delsi kultivaci.

Hlavni pfinos prace: prace vhodné dopliiuje ostatni mezinarodni biochemické a molekularni
analyzy vtom, Ze ob¢ organové soustavy klistat disponuji stimulujicimi/inhibi¢nimi slozkami
(napt. defensiny a také baterii dalSich imunomodulac¢nich molekul), z nichz nékteré ovliviuji
kompetenci vektora pro pienos dan¢ho agens.

Prispévek autora k dané praci: autor se podilel na sbéru a pitvach klist’at, pripravé extrakti
slinnych Zlaz a stfeva klistat, kultivaci borrelii, in vitro experimentech v mikrodestickach
vcetné jejich vyhodnocovani a také na ptiprave rukopisu.

Citovanost k 14.7. 2016 (WOS) vcetné autocitaci:10

Impakt faktor (IF;;5): 1,271

Nejvyznamnéjsi citace v praci: Nuttall P.A., Labuda M. 2008. Saliva-assisted transmission
of tick-borne pathogens. In: Ticks: biology, disease and control, Ed. Bowman A.S., Nuttall
P.A. Cambridge University Press. p. 205-219. ISBN:978-0-521-86761-0.
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EFFECT OF THE SALIVARY GLAND AND MIDGUT EXTRACTS FROM IXODES
RICINUS AND DERMACENTOR RETICULATUS (ACARI: IXODIDAE) ON THE
GROWTH OF BORRELIA GARINII IN VITRO
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The interaction between pathogen and tick vector seems to
be crucial for vector-borne pathogens. For instance, Borrelia
burgdorferi s.l., the Lyme disease agent, must overcome at
least two main barriers in the tick vector body to be effectively
transmitted: the midgut and the salivary glands. It has been
found that salivary gland extract (SGE) of ixodid ticks affects
the immune system of vertebrate hosts (Ribeiro J.M.C. 1989:
Exp. Appl. Acarol. 7: 15-20; Kuthejlovda M., Kopecky J.,
Stépanova G., Macela A. 2001: Infect. Immun. 69: 575-578)
and also contributes to the transmission of B. afzelii to the host
(Pechova J., Stépanova G., Kovai L., Kopecky J. 2002: Folia
Parasitol. 49: 153-159).

In earlier studies it was observed that borreliae did not
occur in host-seeking Dermacentor reticulatus (Fabricius,
1794) in contrast to Ixodes ricinus (L., 1758) (Hubalek Z.,
Halouzka J., Juficova Z. 1998: Folia Parasitol. 45: 67-72), and
that B. garinii survived in I ricinus after experimental
inoculation while it rapidly disappeared from D. reticulatus
(Matlova L., Halouzka J., Juficova Z., Hubalek Z. 1996: Folia
Parasitol. 43: 159-160).

The aim of this study was to examine the effect of SGE and
midgut extract (MGE) from both 7. ricinus and D. reticulatus
on the growth, motility and morphology of the B. garinii
spirochaete in vitro. This might address the question of vector
competence of these two tick species for B. burgdorferi s.l. at
the level of their compartments (salivary glands and midgut).

Salivary glands and midgut were removed from 40 unfed
female I. ricinus and 20 unfed female D. reticulatus. This
study attempted to simulate the effect of SGE and MGE on
borrelial growth under conditions of host-seeking ticks, and
therefore unfed individuals only were used. Dissected organs
were homogenized with a small glass blender in phosphate-
buffered saline pH 7.0 (PBS; Oxoid), placed in microtubes,
and centrifuged at 9,000 g for 10 min. Clarified extracts were
sterilized by filtration through the 0.2 pm Nanosep MF
centrifugal device (Pall Corporation) and stored at —20°C.
Final protein content (ng/ml) of the extracts was estimated
(Bradford J. 1976: Anal. Biochem. 72: 248-254) as 32.8
(SGE) and 30.9 (MGE) in I. ricinus, and 29.3 (SGE) and 39.2
(MGE) in D. reticulatus. In the experiments, 100 ul of each
extract (or PBS in the control) were mixed with 100 pl of a 3-
day culture of B. garinii strain BR 14 (about 10’ spirochaetes
per ml) in BSK-H medium with 6% of rabbit serum (Sigma) in
96-well U-bottomed sterile microplates (Sarstedt), and
covered with a sterile sealing film (Denville Scientific). The
microplates were placed in a 33°C incubator for 11-12 days.

Concentration of motile spirochaetes (the number of motile
cells/ml of medium) was determined at intervals (0, 2, 4, 7, 9
and 11 days in I ricinus, and 0, 2, 5, 7, 9 and 12 days in D.
reticulatus), using darkfield microscopy. (1) Estimation of per
cent motility was determined in 3 wells per variant, when 100
randomly selected spirochaetes were screened for motility per
well. (2) Concentration of all spirochaetes (motile plus non-
motile) was estimated in 10-pl volumes of appropriately
diluted cultures on a microscope slide with a 20 x 20 mm
coverslip (Hubalek Z., Halouzka J., Heroldova M. 1998: J.
Med. Microbiol. 47: 929-932); for each variant, 3 wells with 5
counts (total, 15 repetitions) were used. The data were
analysed with the two sample #-test using SOLO (BMDP
Statistical Software). Significant differences in the concentra-
tion of motile spirochaetes were considered at P < 0.01.

The results are summarised in Tables 1 to 3. The pro-
portion of motile spirochaetes decreased more slowly with the
extracts of Ixodes ricinus than in corresponding control (C)
since day 9 post inoculation (p.i.). On the other hand, the per-
centage of spirochaetal motility decreased more rapidly with
SGE and MGE from D. reticulatus than in C since day 9 p.i.
With [ ricinus, the concentration of motile spirochaetes in-
creased significantly from days 2 to 11 (p.i.) with both SGE
and MGE compared to C. In addition, the growth of spiro-
chaetes was enhanced to a greater degree with SGE than with
MGE on days 4, 7 and 9 p.i. With D. reticulatus, a significant
increase in concentration of motile spirochaetes was only
detected with SGE (compared to C) on day 5 p.i., while a
marked decrease in concentration of motile spirochaetes was
observed on day 9 p.i. with MGE, and on day 12 p.i. with both
extracts compared to C. Moreover, many spirochaetes grown
in the presence of D. reticulatus MGE were morphologically
changed (compared to C and SGE) by 9 days p.i.; the cells
were damaged (e.g., less discernible walls), shorter, and with a
lower number of coils.

The effect of SGE and MGE on the growth of B. garinii
spirochaetes in vitro thus differed between the two tick species
tested. While extracts derived from [ ricinus (a competent
vector for Lyme borreliosis) stimulated growth significantly,
extracts from D. reticulatus (a non-competent species) did not
affect the growth of borreliae markedly, or even inhibited their
growth on days 9 (MGE) and 12 p.i. (MGE and SGE). Our
results therefore indicate that the tick compartment extracts
surprisingly need not be inhibitory for pathogen survival in the
body of even non-competent tick species like D. reticulatus in
a short-term exposure. In such species, the role of a barrier in
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Table 1. Per cent motility of Borrelia garinii spirochaetes in BSK-H medium with salivary gland (SGE) or midgut (MGE)

extracts (compared to control, C) from ticks.

Table 2. Effect of SGE or MGE from Ixodes ricinus on the growth of B. garinii in BSK-H medium (compared to control, C).

Table 3. Effect of SGE or MGE from Dermacentor reticulatus on the growth of B. garinii in BSK-H medium (compared to

Ixodes ricinus Dermacentor reticulatus

Days p.i. C SGE | MGE | Days p.i. C SGE MGE
0 100.0 | 100.0 | 100.0 0 100.0 100.0 100.0
2 99.3 99.3 98.3 2 99.3 99.7 98.7
4 97.3 98.0 96.3 5 97.7 99.7 97.0
7 92.0 94.7 88.3 7 91.0 94.3 88.0
9 473 84.0 77.0 9 87.7 80.0 52.7
11 18.3 26.7 50.0 12 51.0 24.3 5.7

Concentration of motile spirochaetes .
[x10%ml of medium] D‘fferlences
Days p.i C SGE MGE (1-values)

Cs. Cvs. SGE vs.

AVG SD AVG SD AVG SD SGE MGE MGE

0 9.08 1.88 9.24 1.36 9.35 1.83 0.26 0.40 0.19

2 27.30 6.58 33.77 6.74 36.29 7.10 2.66* 3.60%* 1.00
4 40.37 6.45 80.53 9.80 50.61 9.73 13.25%* 3.39* 8.39%*
7 49.49 13.48 96.24 | 20.37 | 60.48 | 11.25 7.41%%* 2.42% 5.95%%*
9 19.38 9.81 87.93 | 1590 | 45.72 | 10.81 14.21%* 6.99%* 8.50%*

11 2.35 2.64 15.09 5.95 12.56 4.70 7.58%** 7.34%* 1.29

*P<0.01; ** P <0.001; AVG — arithmetic average; SD — standard deviation

control, C).
Concentration of motile spirochactes .
[x10%ml of medium] leferlences
Days p.i. C SGE MGE (t-values)

Cvs. Cvs. SGE vs.

AVG SD AVG SD AVG SD SGE MGE MGE

0 10.92 2.30 13.72 3.78 13.44 2.41 2.45 2.93* 0.24

2 47.22 11.66 44.12 9.69 41.59 7.42 0.79 1.58 0.80

5 59.03 12.39 80.30 | 19.58 | 69.56 | 23.29 3.27* 1.41 1.37

7 75.26 12.77 85.40 | 11.48 | 74.31 17.53 2.29 0.17 2.05

9 78.77 20.48 80.13 4.52 46.62 3.67 0.19 4.99%* 5.76%*

12 36.24 11.21 17.53 7.59 4.43 1.25 5.35%* 10.92** 6.60*

Explanations as for Table 2.

the pathogen transmission could be another tick compartment,
e.g. the haemolymph (Johns R., Ohnishi J., Broadwater A.,
Sonenshine D.E., De Silva A.M., Hynes W.L. 2001: J. Med.
Entomol. 38: 99-107), or non-specific immune compounds
like lectins (Grubhoffer L., Jindrak L. 1998: Folia Parasitol.
45:9-13).

A stimulatory chemotactic effect of SGE from Ixodes
scapularis on B. burgdorferi s.s. in vitro was found in a recent
study (Shih C.M., Chao L.L., Yu C.P. 2002: Am. J. Trop.
Med. Hyg. 66: 616-621). Our work considered the effect of
SGE and MGE on spirochaetal growth, but further experi-
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ments with other genomic species of borreliae (especially B.
afzelii, B. burgdorferi s.s.) are required.
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Abstract. A total of 350 nymphs of the common tick Ixodes
ricinus (Linnaeus, 1758) were collected in an endemic focus
of Lyme borreliosis (South Moravia, Czech Republic) and
examined for the presence of the protozoan Babesia microti
(Franga, 1909) by polymerase chain reaction (PCR), using
primers specific for the B. microti gene encoding small sub-
unit rRNA. The assay revealed five positive pools (out of 70
pools examined); the corresponding prevalence rate was about
1.5%. Sequence analysis of the PCR products confirmed their
100% homology with that of B. microti. The study represents
the first evidence of B. microti in ixodid ticks in the Czech
Republic.

Babesiosis is an emerging, tick-transmitted zoonotic dis-
ease caused by intraerythrocytic parasites of the genus Babe-
sia. These piroplasmas are transmitted by ixodid ticks and are
capable of infecting a wide variety of vertebrate hosts which
are competent in maintaining the transmission cycle. Babesiae
include at least three species pathogenic for humans: Babesia
bovis, B. divergens and B. microti (Homer et al. 2000).
Whereas the bovine parasite, B. divergens, is responsible for
most European cases of human babesiosis, especially in sple-
nectomized patients (Gorenflot et al. 1998), B. microti has not
yet been implicated as a cause of autochthonous human illness
in Europe (Foppa et al. 2002). Most human cases caused by B.
microti have occurred in the north-eastern states of the USA
and are transmitted by Ixodes scapularis (Spielman 1994).

However, B. microti is also present in European countries.
First findings of B. microti in central Europe were reported in
the blood from Microtus arvalis, M. agrestis, Clethrionomys
glareolus, Apodemus flavicollis and A. sylvaticus rodents
(Aeschlimann et al. 1975, Sebek 1975, Sebek et al. 1977). The
occurrence of B. microti in rodents has been then reported
from other European countries (Sebek et al. 1977, Sebek et al.
1980, Walter 1984, Telford et al. 2002). Thereafter, three
species of the genus Ixodes have been found to carry and/or
transmit B. microti in Europe: (1) 1. trianguliceps in England
(Hussein 1980) and Russia (Telford et al. 2002); (2) 1. ricinus
in Germany (Weber and Walter 1980, Walter 1981, Walter
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and Weber 1981), Slovenia (Duh et al. 2001), Switzerland
(Foppa et al. 2002), England (Gray et al. 2002), Poland (Sko-
tarczak and Cichocka 2001, Kuzna-Grygiel et al. 2002, Sko-
tarczak et al. 2003) and Hungary (Kalman et al. 2003); and (3)
L persulcatus in Lithuania (Alekseev and Dubinina 2003) and
European Russia (Alekseev et al. 2003).

The occurrence of B. microti in I. ricinus ticks has not yet
been investigated in the Czech Republic. The purpose of the
present study was to determine the prevalence of B. microti in
L ricinus ticks in one area of South Moravia (Czech Repub-
lic), where Lyme borreliosis is endemic. A total of 350 host-
seeking nymphs of 1. ricinus were collected in the surround-
ings of Valtice (South Moravia, Czech Republic) during 2003
by flagging the vegetation. The habitat was described in an-
other paper (Hubalek et al. 1994). All tick specimens were
frozen at —60°C until further processing. Immediately before
DNA isolation, nymphs were pooled. Different pool sizes
were used for two groups of ticks. We started with pools
consisting of three nymphs, but after the first results obtained
we shifted to pools of ten individuals (for technical reasons).
All ticks were surface sterilized with 70% ethanol (PCR qual-
ity) and mechanically disrupted using a glass microblender.
The total genomic DNA was extracted with QIAamp DNA
Tissue Kit (Qiagen, Hilden, Germany) according to manufac-
turer’s instructions. PCR detection of B. microti DNA was
performed as described by Persing et al. (1992), including
primers bab 1 and bab 4 specific for the B. microti gene en-
coding small subunit rRNA (ss-rDNA). Each reaction tube
contained 75 mM Tris-HC1 (pH 8.8), 20 mM (NH4)ZSO4,
0.001% Tween 20, 2.5 mM MgCl, 200 mM mixture of
dNTPs, 2.5 U Taq purple DNA polymerase and 25 pmol of
each primer. PCR reaction was performed in a PTC-200 Gra-
dient Thermal Cycler (MJ Research, USA) under the follow-
ing conditions: 1 min of denaturation at 94°C, 1 min of an-
nealing at 55°C and 2 min of extension at 72°C consisting of
40 cycles. The PCR products were separated on 2% agarose
gel, stained with ethidium bromide and visualised by UV light.
DNA extraction and PCR handling were done in two separate
rooms to avoid possible cross-contamination of the samples.
Specific PCR products were further characterized by sequence
analysis. DNA fragments were precisely excised from the gel
and purified with the Gel Extraction Kit (Qiagen, Hilden,
Germany). To ensure the specificity, the PCR products were
sequenced twice in both directions using bab 1 and bab 4



Table 1. Prevalence of Babesia microti in Ixodes ricinus, South Moravia, 2003.

No. of
Sample nymphs I;i()z(:el I;Igéfsf N(;ozlictli)\?: . MIR" | MLE’
I 150 | 3 50 1 0.67% | 0.67%
II 200 | 10 20 4 2.00% | 2.21%
Total 350 70 5 1.43% | 1.55%

'minimum infection rate; maximum likelihood infection rate; *coll. September; *coll. April (100 specimens) and September (100
specimens); *three of the September collection; ®weighted average

Table 2. Prevalence of Babesia microti in host-seeking Ixodes ricinus in Europe.

Country/Reference Larvae Nymphs Adults Total!

GERMANY

Walter 1981 - 2/375 (0.5)2 - 2/375 (0.5)
SLOVENIA

Duh et al. 2001 — 9/69 (13.0) 4/70 (5.7) 13/139 (9.4)
POLAND

Skotarczak and Cichocka 2001 12/385 (3.1) | 49/1160 (4.2) | 69/550 (12.5) | 118/1710 (6.9)

Kuzna-Grygiel et al. 2002 - 8/412 (1.9) 0749 (0.0) 8/461(1.7)

Skotarczak et al. 2003 4/19 (21.1) | 26/234 (11.1) | 41/280 (14.6) | 67/514 (13.0)
SWITZERLAND

Foppa et al. 2002 - 14/408 (3.4) - 14/408 (3.4)
HUNGARY

Kalman et al. 2003 — — - 4/452 (0.9)

'nymphs and adults, total; “no. positive / no. examined (% positive) individuals

970 bp

447 bp

194 bp

Fig. 1. PCR product of Babesia microti DNA from nymphal
Ixodes ricinus. M — ladder; lanes 1, 2 and 3 — positive sample,
negative control, and positive control (B. microti DNA),
respectively.

primers. CEQ 2000 Dye terminator Cycle sequencing Kit was
used, sequences were analysed on an ABI Prism 877 ITC
automated DNA sequencer (Beckman Coulter, USA) using
DNASTAR software (DNASTAR, London, UK), and com-
pared with those in the GenBank. BLAST programs of the
National Center for Biotechnology Information (Bethesda,
MD, USA) were used for database searches. Minimum infec-
tion rate (MIR) was estimated as the ratio of the number of
positive pools to the total number of individual ticks tested (in
per cent). The other method of estimating the proportion of
infected individuals in pooled samples was the maximum

likelihood estimation (MLE), which gives results approaching
the real situation more precisely than MIR (Gu et al. 2003).
The corresponding software program MIR-IR, obtained from
the authors, was used for the latter estimation.

In total, 5 of 70 pools (350 nymphal /. ricinus) were posi-
tive, giving MIR 1.43% (0.14 infected tick per 1,000 ticks).
The alternative estimation by MLE approach yielded a very
similar value, 1.55% (Table 1). Fig. 1 shows an example of
one positive PCR specimen. The PCR products, subjected to
sequence analysis, showed a 100% nucleotide homology with
other B. microti strains deposited in GenBank: M 93660
(USA), AF 373331 (Slovenia), AF 231348 (Germany), AY
056017 (Switzerland) and ABO 83375 (Japan).

The prevalence of B. microti in I ricinus found in this
study (about 1.5% with both MIR and MLE calculations) is
close to the infection rates reported in other European coun-
tries like Germany, Switzerland and Hungary, while consid-
erably higher values were occasionally found in Slovenia or
Poland (Table 2). European data show that B. microti occurs
in all stages of the /. ricinus vector. This study has confirmed
the presence of B. microti in the Czech Republic, where it had
been earlier microscopically observed in rodents (Sebek 1975,
Sebek et al. 1977). The lack of recognized human pathology
associated with European strains of B. microti, despite expo-
sure to infectious tick bites, may be a consequence of a lower
virulence of European strains compared to the North Ameri-
can babesiae. Disease episodes due to B. microti, on the other
hand, may be overlooked by general practitioners because of
the relatively nonspecific symptoms (at least in mild cases)
and a common presumption that this agent rarely, if at all,
infects /. ricinus (Foppa et al. 2002).
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Effect of forest clearing on the abundance of Ixodes
ricinus ticks and the prevalence of Borrelia burgdorferi

s.l.

Z.HUBALEK,J. HALOUZKA,Z. JURICOVA,S. SIKUTOVA andI. RUDOLF
Institute of Vertebrate Biology, Academy of Sciences, Brno, Czech Republic

Abstract. Questing Ixodes ricinus L. (Acari: Ixodidae) ticks were collected on a
forest trail that had been completely cleared of shrubs and ground vegetation in
winter 2002 and on a nearby control uncleared forest transect in South Moravia
(Czech Republic). Samples were collected each May in 2003, 2004 and 2005.
Nymphal ticks were 3.4 times, 1.9 times and 1.2 times less frequent on cleared
forest than on uncleared forest trails in the three respective years, whereas adult
tick abundance was 27.2 times, 4.0 times and 2.2 times lower, respectively. The
ticks were examined for borreliae by dark-field microscopy: prevalence of nym-
phal ticks infected with Borrelia burgdorferi sensu lato (12.6% to 20.0%) did not
differ significantly between the cleared and uncleared trail during the 3 years. In
conclusion, the habitat modification appeared to result in a decreased abundance
of I. ricinus as well as a reduced frequency of infected ticks (and thus indirectly a
lower potential risk of Lyme borreliosis), which lasted, however, for only 2 years.
Eight cultures of borreliae isolated from the ticks were all identified as the
‘ornithophilic’ genomic species Borrelia garinii, possibly indicating a greater role
of forest birds than that of forest rodents as the hosts of immature /. ricinus in the
tick (and borrelial) colonization of the cleared part of the forest.

Key words. Borrelia burgdorferi sensu lato, Borrelia garinii, Ixodes ricinus, environ-
mental management, forest clearing, habitat manipulation, habitat modification,

Lyme borreliosis risk, tick, vegetation reduction, Czech Republic.

Introduction

Habitat modification, especially vegetation reduction, is
regarded as one of the few useful techniques to control
tick vectors of Lyme borreliosis, in addition to their
chemical or biological control or reduction of host avail-
ability (Wilson, 1986; Schulze et al., 1988; Spielman,
1988; Jaenson et al., 1991; Ginsberg, 1994; Schulze
et al., 1995; Tilleklint & Jaenson, 1995; Mount et al.,
1997; Stafford & Kitron, 2002; Ward & Brown, 2004).
The habitat manipulation usually involves mowing and/
or removal of leaf litter, brush and shrubs in wooded
residential areas, and covering the soil surface with dry
substrates such as tree bark and wooden chips, or even
pumice or gravel.

In South Moravia (Czech Republic), long-term efforts to
evaluate abundance of Ixodes ricinus L. ticks and their infection
rate with Borrelia burgdorferi sensu lato have been based on
regular monitoring of the tick population in a study area along
four fixed trails each May since 1991 (Hubalek et al., 2003).
However, in winter of 2002-2003, one of the four trails was
completely cleared of small trees, shrub and low herbaceous
and grassy vegetation, and only solitary tall trees were left. This
situation caused seemingly hostile conditions for ixodid ticks,
and presented a challenging ecological experiment.

The aim of this study was to evaluate the impact of the
forest clearing on the abundance, infection rate and fre-
quency of infected nymphal and adult I. ricinus, and in
turn, to assess indirectly the potential for risk of Lyme
borreliosis in particular years after the forest habitat

Correspondence: Z. Hubalek, Medical Zoology Laboratory, Institute of Vertebrate Biology, Academy of Sciences, Klasterni 2, CZ-69142
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modification. To the best of the authors’ knowledge, no similar
experiment of a forest habitat manipulation has been pub-
lished. A few North-American studies have tested the effect
of mowing or removal of leaf litter in wooded residential
areas on the density of the tick Ixodes scapularis Say (e.g.
Wilson, 1986; Schulze ez al., 1995), but the impact on the
abundance of ticks infected with B. burgdorferi s.1. (and
thus indirectly the potential risk of Lyme borreliosis) has
not been evaluated. A related study (Mather ef al., 1993)
analysed the effect of controlled burning, not clearing, of
woodland understory on abundance and infection preva-
lence in ixodid ticks.

Materials and methods
Study plot

Ixodes ricinus L. ticks were collected on a 10-ha study
plot in a deciduous broad-leaved forest at the Rendezvous
hunting lodge near Valtice (South Moravia, Czech
Republic: 48°45 N, 16°47" E; 198 m above sea level). The
study site was described previously in detail, including geo-
logical, pedologic, climatic, vegetational and faunal condi-
tions (Hubalek et al., 1994, 2003). Briefly, the tree story of
the forest on the study plot is composed of oaks [Quercus
cerris L., Quercus petraea (Matt.) Liebl], lindens (7ilia pla-
typhyllos Scop., Tilia cordata Mill.), common maple (Acer
campestre L.), ash (Fraxinus excelsior L.), elm (Ulmus laevis
Pall.), hornbeam (Carpinus betulus L.), service-tree (Sorbus
torminalis [L.] Cr.) and white poplar (Populus alba L.).
Shrub (Acer campestre, Crataegus monogyna Jacq.,
Euonymus europaeus L., Prunus spinosa L., Tilia cordata,
Rhamnus cathartica L., Rubus caesius L., Salix caprea L.,
Salix fragilis L., Ligustrum vulgare L., Sambucus nigra L.)
and herb strata are well developed, and an ample leaf litter
normally covers the soil surface from autumn till spring.
Local hosts of adult and nymphal 1. ricinus ticks involve
large and medium-sized mammals, mainly roe deer
Capreolus capreolus (L.), wild boar Sus scrofa L., fox
Vulpes vulpes (L.), squirrel Sciurus vulgaris L., and hedge-
hog Erinaceus concolor Martin, whereas common small
mammalian hosts of larval ticks are the bank vole
Clethrionomys glareolus (Schreber), yellow-necked mouse
Apodemus flavicollis (Melchior), wood mouse A4podemus
sylvaticus (L.), common shrew Sorex araneus L. and mole
Talpa europaea L. The bird community is composed of
about 60 breeding species, and common avian hosts of
immature [. ricinus are blackbird Turdus merula L., song-
thrush Turdus philomelos Brehm, robin Erithacus rubecula
(L.), chaffinch Fringilla coelebs L., wren Troglodytes troglo-
dytes (L.), yellowhammer Emberiza citrinella L., great tit
Parus major L., nuthatch Sitta europaea L. and jay Garrulus
glandarius (L.).

The forest clearing and plant succession

In winter of 2002-2003, one of the four study transects
was completely cleared of small trees, shrub and low
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herbaceous and grassy vegetation, while most tall trees
remained untouched (Fig. la). Leaf litter was also
destroyed, and the surface was covered by wooden chips
and tree bark splits (Fig. 1b). The cleared part of the forest
(approximately 150-m long, and 15-m wide) was then fol-
lowed for the vegetation cover (a broad eyeball estimate),
succession, and occurrence of ixodid ticks during the first
three years (2003, 2004, 2005) after the habitat
modification.

Tick sampling and examination

Host-seeking I. ricinus were sampled in parallel both on
the cleared forest trail (treated forest, TF) and on another,
control trail (untreated forest, UF; situated in parallel with
TF, 20 m apart: Fig. 1c) by flagging low vegetation and soil
surface with white flannel cloths (0.9 x 0.6 m) always
before noon in the second half of May, i.e. during the
seasonal peak activity of adult and nymphal I. ricinus in
the area (Hubalek et al., 1994). The cloth was examined
every 5 m, and all ticks were removed into cork-stoppered
glass tubes with a few grass blades, transported to the
laboratory and maintained alive at +5°C until examined.
Larval I. ricinus were sporadic in May and were therefore
discarded. Approximately 100 nymphal and as many as
possible (optimum, about 100 of both sexes) adult
I ricinus were examined for borreliae from the cleared
and control transect each year from 2003 to 2005.

Individual ticks were dissected on a microscope slide,
their midgut suspended in a drop of saline and examined
for spirochaetes by dark-field microscopy at 600 x. All
fields of view of the preparation were screened and spiro-
chaetes were counted (Hubalek et al., 1994).

Isolation and identification of borreliae

Attempts were made to cultivate borreliac only from
those individual ticks containing their high numbers
(> 100), by inoculating the suspension (about 200 pL)
into tubes with 4 mL of BSK-H complete medium
(Sigma, St Louis, MO, U.S.A.) supplemented with rifampi-
cin (50 pg/mL) and phosphomycin (100 pg/mL). Culture
tubes were incubated at 33°C and examined for spiro-
chaetes by dark-field microscopy at regular intervals for
up to 6 weeks. Identification of isolated borreliae into
genomic species was done by polymerase chain reaction—
restriction fragment length polymorphism analysis using
primers directed against ribosomal spacer genes rrf and rr/
(Postic et al., 1994).

Quantitative analyses
Relative abundance of the ticks was expressed as the

frequency (F), i.e. the number of individuals collected per
person-hour of flagging. Infection prevalence (P) was given
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Fig. 1. (a) The cleared forest trail (May 2003), (b) wooden chips and bark splits on the soil surface of the cleared trail (May 2003), (c) the
control forest transect (May 2003) and (d) the cleared forest trail: the same view as in Fig. 1(a) two years later (May 2005).

as the proportion (in per cent) of the ticks containing
borreliae out of all examined ticks. Frequency of infected
ticks (F;) was calculated as the product F x P/100, i.e. the
number of infected ticks per flag-hour. Infective encounter
time was then the average time (in minutes) to encounter
one (the first) infected tick, i.e. IET = 60/F; (Hubalek
et al., 1994). The infection measures were determined sepa-
rately for nymphal and adult ticks containing at least one
spirochaete, and/or those with > 100 spirochaetes (i.e. the
ticks with a higher spirochaetal load).

Contingency 2 x 2 tables with the chi-square were
applied for comparative tests on homogeneity of propor-
tions, and the Fisher exact test (soLo — BMDP Statistical
Software, Los Angeles, CA) was used for confirmation in
cases with a small sample size.

Results
Vegetation cover and succession
The ground vegetation cover of the TF trail was barely

10% in May of 2003 — shortly after clearing (Figs 1a and b),
but it reached about 50% in May 2004 and increased to

approximately 75% in 2005 (Fig. 1d). However, the woo-
den chips and bark splits were still scattered over the TF
study plot even in 2005.

In 2004, the ground layer included 25 herb and 16 grass
species (see Appendix). A few tree seedlings, 10-20 cm
high, also appeared: Acer campestre, Carpinus betulus,
Crataegus monogyna, Populus alba, Prunus spinosa,
Quercus cerris, Quercus petraea and Tilia cordata. In 2005,
already 69 herbs and 22 grass species occurred on the TF
trail (see Appendix).

Relative abundance of Ixodes ricinus ticks

Frequency of I. ricinus differed considerably between the
cleared (TF) and the control (UF) trail in the spring follow-
ing the clearing, but the difference became smaller with
time (Table 1): I. ricinus nymphs were 3.4 times (a decrease
by 71%), 1.9 times (a decrease by 47%) and 1.2 times
(a decrease by 18%) less frequent on the cleared trail in
2003, 2004 and 2003, respectively. Adult ticks were consider-
ably less frequent on TF transect than on control UF transect:
27.2 times (a decline by 96%), 4.0 times (a decline by 75%)
and 2.2 times (a decline by 54%) in the respective years.
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Table 1. Abundance of Ixodes ricinus ticks and their infection rate with borreliae

Year: May 2003 May 2004 May 2005

Trail*: TF UF TF UF TF UF
Total person-hours: 5.5 4.0 3.0 2.0 4.0 4.0
Frequency (F, no. ticks/h)

Nymphs 19.6 67.5 34.5 65.0 26.5 325
Females 0.4 14.0 2.5 10.5 7.8 19.2
Females + males 0.9 24.7 6.5 26.0 20.7 45.0
Infection prevalence (P)

Nymphs 20% 20% 13% 17% 14% 13%
n 100 101 101 101 106 103
Females (0%) 7% (25%) 19% (0%) 8%
n 1 99 4 100 17 77
Females + males 0%) 10% 17% 23% 9% 11%
n 3 197 12 201 58 177
Intense infection prevalence (P for > 100 borreliae/tick; n as above)

Nymphs 8% 5% 4% 2% 2% 5%
Adults (0%) 4% (0%) 2% 5% 2%
Encounter time for infected ticks (/ET, min)

Nymphs 15 4 14 5 16 15
Females (1667) 61 96 3 77 40
Females + males (659) 24 56 10 34 12

*TF, cleared part of the forest; UF, uncleared forest trail (control). Percentage values in parentheses are approximate only (low numbers); the
IET values in parentheses have been based on the P-values on the UF trail of that year.

The difference in the tick frequency between the cleared and
uncleared trail was thus very low already in the third year after
clearing, due to natural succession.

Prevalence of infection of ticks with borreliae

The prevalence of infected nymphal ticks on the plot
ranged from 12.6% to 20.0% (Table 1 gives rounded
values) and did not differ significantly between the TF
and UF transects in the three years 2003 (x> = 0.01;
P=097), 2004 (x>=0063; P=047) and 2005
(x> = 0.11; P = 0.75). The interannual differences in the
prevalence of nymphal infection among the three years
were also insignificant for both the cleared trail (2003 vs.
2004: 3> =1.86, P=0.17, 2004 vs. 2005: x> =0.07,
P = 0.79; 2003 vs. 2005: x> = 1.25, P = 0.26) and control
UF trail (2003 vs. 2004: 2 = 0.30, P = 0.59; 2004 vs. 2005:
x* = 0.72, P = 0.40; 2003 vs. 2005: x> = 1.94, P = 0.16).

Prevalence of infection in adult ticks varied from 8.6% to
23.4%, and it was significantly higher on UF in the year
2004 compared to the other two years, 2003 (x> = 12.44;
P =0.0004) and 2005 (x> = 10.45; P = 0.001), whereas
there was no significant difference between the pair 2003
and 2005 (3> = 0.03; P = 0.85). Comparisons of prevalence
of infection between the TF and UF trails in adult ticks was
impossible to carry out in 2003 because of very low num-
bers of these ticks caught on the cleared transect; insignifi-
cant differences were revealed in the two other years: 2004
(x> = 0.29; P = 0.59), and 2005 (x> = 0.21; P = 0.64).

© 2006 The Authors

An average of 1.9% to 8.0% nymphal and 2.0% to 5.2%
adult ticks contained > 100 borreliae (Table 1). The pre-
valence of these highly infected nymphal ticks did not differ
significantly between the cleared and control trail in any
year (2003: x> = 0.77, P = 0.38; 2004: x> = 0.69, P = 0.41;
2005: %> = 1.42, P = 0.23). It was irrelevant to evaluate the
differences for adult ticks because of their too low numbers
collected on the TF trail in 2003 and 2004 (Table 1); in
2005, the difference between TF and UF was insignificant
(x> = 1.28; P = 0.26). Inter-annual fluctuations in nym-
phal prevalence of the intense infection (> 100 borreliae
per tick) on the UF trail proved to be insignificant for all
pairs 2003 vs. 2004 (x> = 1.33; P = 0.25), 2004 vs. 2005
(x> =127, P=026) and 2003 vs. 2005 (x> = 0.01;
P =0.97). Analogical comparison of highly infected
nymphs on the TF trail revealed insignificant differences
for the pairs 2003 vs. 2004 (x> = 1.46; P = 0.23), 2004 vs.
2005 (x* = 0.79; P = 0.37), whereas it was significant for
the pair 2003 vs. 2005 (x> = 4.16; P = 0.04; confirmed with
Fisher exact 2 x 2 test: P = 0.041). For highly infected
adults on the UF trail, all differences between years were
insignificant: 2003 vs. 2004 (3> = 0.90; P = 0.34), 2004 vs.
2005 (x> = 0.03; P = 0.86) and 2003 vs. 2005 (x> = 0.55;
P = 0.46).

The frequency of infected nymphal ticks (F;) was lower
on TF transect than on the control transect 3.4 times (by
71%), 2.5 times (by 59%) and 1.1 times (by 9%) in 2003,
2004 and 2005, respectively. Similarly, the frequency of
infected adult ticks was lower on TF vs. UF about 27.6
times (by 96%), 5.6 times (by 82%) and 2.7 times (by 63%)
in 2003, 2004 and 2005, respectively (data not shown in
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Table 1). The frequency of nymphal and adult ticks
infected with > 100 borreliae was also lower on the cleared
transect, but the result is less representative because of
generally low numbers of these highly infected ticks.

Encounter time for infected ticks was longer (indicating a
potentially lower risk of Lyme borreliosis) on TF than on
the control transect: the [ET values (in minutes) for
nymphs on UF vs. TF were 5 vs. 15, 6 vs. 14 and 15 vs.
16 in 2003, 2004 and 2005, respectively. For adult 1. ricinus,
the respective /ET differences were much higher: 24 vs. 659,
10 vs. 56 and 12 vs. 33, respectively. The IET values for
ticks with a high spirochaetal load (> 100 borreliae) dif-
fered between the two trails 2.1 times, 0.9 times and 3.2
times in 2003, 2004 and 2005, respectively, for nymphs, and
32.6 times, 4.0 times and 1.0 times, respectively, for adults
(data not shown in Table 1).

Identification of isolated borreliae

A total of 16 isolation attempts were carried out from
individual ticks with a high spirochaetal burden: eight bor-
relial cultures were obtained, and identified as the genomic
species Borrelia garinii. Five isolates of B. garinii were from
nymphal I. ricinus collected on the cleared trail, and one
each from nymphal, male and female I. ricinus collected on
the control trail.

Discussion

The general frequency (F) of I ricinus in the study area
before clearing was described in a previous study (Hubalek
et al., 2003; Table 1): the overall average (and range) from
1991 to 2001 was 33.7 (17.8-58.5) nymphs/h and 44.7
(23.5-90.5) adults/h. In May 2002, the frequency of
I ricinus was 21.5 nymphs/h and 46.0 adults/h over all
four trails (unpublished). These figures are lower than
those in the present study for the UF trail, but higher
than those for the TF transect. Although we cannot present
exact pre-clearing data on the tick frequency from particu-
lar trails in that we usually pooled the ticks from all four
trails prior to examination, we never observed considerable
differences between the two trails (corresponding to TF and
UF in the present study) in the number of ticks caught. The
average prevalence of borreliae was 16.8% (range, 11.7%
to 24.2%) in nymphs and 25.5% (range, 16.8% to 32.0%)
in adults from 1991 to 2001; in May 2002, it was 15.6% in
nymphs and 23.9% in adults. These figures are compatible
with the respective figures for the years 2003-2005 in both
the TF and UF trails for nymphs, but slightly higher for
adults in 2003 and 2005.

Identification of spirochaetes that were isolated pre-
viously from local microscopically positive ticks always
resulted in B. burgdorferi sensu lato, namely genomic spe-
cies B. afzelii, B. garinii, and sporadically also B. lusitaniae
and B. burgdorferi sensu stricto (Hubalek et al., 1998;
unpublished data). Therefore the terms ‘borreliae’ or

‘spirochaetes’ used in this study are regarded synonymous
with B. burgdorferi s.l.

It is known that B. garinii is largely an ‘ornithophilic’
genomic species, associated with forest birds and ticks
parasitizing them, whereas forest rodents more often har-
bour B. afzelii, a ‘rodentophilic’ genomic species in Eurasia
(Nakao et al., 1994; Hu et al., 1997, Kurtenbach et al.,
1998; Humair et al., 1999; Hanincova et al., 2003a,b). The
predominance of B. garinii in the present study indicates
that most of the borreliae could have been introduced to
the cleared transect with larval I. ricinus parasitizing birds,
and less likely by [I. ricinus parasitizing forest rodents.
Conditions for small mammals in the modified habitat
were far from optimal, and the rodents largely avoided it
(absence of rodent traces on TF compared to their presence
on UF), whereas some bird species known to be parasitized
by larval I. ricinus visited ground on the cleared trail quite
often: blackbird, songthrush, robin, chaffinch, great tit,
nuthatch and yellowhammer were all observed here in the
years 2003-2005.

Controlled forest burning has been considered as another
measure of habitat modification to suppress the vector
population. For instance, 92% (12.5 times), 53% (2.1
times), and 67% (3 times) decrease in the abundance of
adult 1. scapularis was observed 1, 2 and 3 years, respec-
tively, after controlled burning of woods in Florida
(Rogers, 1955). Similarly, 73% (2.7 times) reduction in
numbers of adult I. scapularis was detected a year after
wood burning on Great Island, Massachusetts, U.S.A.
(Wilson, 1986). Forest fires in the Far Russian East
removed 1. persulcatus Schulze taiga ticks and reduced
their abundance (frequency) for up to 3 years — e.g. still
4.3 times vs. unburned plots in the second year (Gorelova &
Kovalevski, 1985; Gorelova, 1987). Following a controlled
burning of woodland understory on Shelter Island (New
York, U.S.A.), abundance of nymphal I scapularis
decreased twice 2 months later, but the risk of encountering
nymphs infected with B. burgdorferi s.s. remained surpris-
ingly the same as in the unburned wood (Mather et al.,
1993). Marked effects of controlled burning on nymphal
(74% to 97% reduction in abundance) and especially larval
I. scapularis were confirmed in a Connecticut study
(Stafford et al., 1998). However, the woodland burning
technique would not be feasible in most countries, espe-
cially in residential and suburban areas.

The habitat modification followed in this study, i.e. the
nearly complete (except for taller trees) forest clearing, did
not affect significantly the prevalence of infection with
borreliae in 1. ricinus ticks. However, it reduced consider-
ably the abundance (frequency, density) of I. ricinus, lar-
gely in the first and second year after the clearing and, in
turn, infective encounter time. The potential risk of Lyme
borreliosis was therefore reduced for the two years but
already not in the third year after the habitat modification
and ongoing natural succession of vegetation, compared to
the nearby control, uncleared forest trail.

The adverse effect of the habitat modification was much
more pronounced on adult than on nymphal ticks. This is
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understandable, in that female /. ricinus need a higher vege-
tation layer (usually 20-80 cm) than nymphs to seek the
host. The study of succession of ground herb/grass stratum
revealed its considerable spatial spread (from ¢. 10% to c.
75% cover between the first and third year after clearing)
combined with an increasing species diversity, most prob-
ably improving the life conditions for the host-seeking adult
ticks. Nevertheless, questing 1. ricinus nymphs, and not
females, are the principal vector stage of Lyme borreliosis
in Europe (Hubalek et al., 1991, 2003; Matuschka et al.,
1992), and therefore a much better quantitative marker of
the potential risk for Lyme borreliosis.
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Appendix

Plant succession on the cleared forest trail (TF)

2004

Herb species:

Alliaria officinalis Andrz., Anthriscus sylvestris (L) Hoffm., Arctium lappa L., A.minus (Hill) Bernh., Campanula patula L., Centaurea jacea L.,
Cerastium holosteoides Fries, Chaerophyllum temulum L., Epilobium parviflorum Schreb., Galeopsis pubescens Bess., Galium aparine L.,
G.mollugo L., Geranium robertianum L., Geum urbanum L., Hypericum hirsutum L., Impatiens parviflora DC., Ranunculus acris L., Rubus
caesius L., Rumex conglomeratus Murr., Scrophularia nodosa L., Stachys silvatica L., Stellaria media (L) Vill., Symphytum officinale L., Urtica
dioica L., Veronica anagalis-aquatica L.

Grass species:

Arrhenatherum elatius (L) Presl, Brachypodium silvaticum (Huds.) Beauv., Calamagrostis epigeios (L) Roth, Carex remota (L) Grufb., Dactylis
glomerata L., Deschampsia caespitosa (L) Beauv., Festuca gigantea (L) Vill., F.pratensis Huds., Juncus conglomeratus L., J.effusus L., Luzula
nemorosa (Poll.) E.Mey., Melica uniflora Retz., Milium effusum L., Poa annua L., P.nemoralis L., Roegneria canina (L) Nevski.

2005

Newly occurring herb species:

Achillea millefolium L., Artemisia vulgaris L., Aster lanceolatus Willd., Atriplex patula L., Ballota nigra L., Bidens frondosa L., Carduus
acanthoides L., Conyza canadensis (L) Cronq., Eupatorium cannabinum L., Fallopia convolvulus (L) A.Love, Ficaria verna Huds., Galeopsis
tetrahit L., Glechoma hederacea L., Humulus lupulus L., Hypericum perforatum L., Inula britannica L., Lamium album L., L.maculatum L.,
L.purpurem L., Lapsana communis L., Leontodon hispidus L., Lychnis flos-cuculi L., Lysimachia nummularia L., L.vulgaris L., Mentha aquatica
L., Ornithogalum gussonei Ten., Persicaria hydropiper (L) Spach, Plantago major L., Potentilla reptans L., Primula veris L. em. Huds., Prunella
vulgaris L., Pulmonaria officinalis L., Ranunculus repens L., Rumex obtusifolius L., Silene sp., Solanum nigrum L., Taraxacum officinale Web.,
Torilis japonica (Hout.) DC., Trifolium ochroleucum Huds., T.pratense L., T.repens L., Veronica hederifolia L., Viola odorata L., V.riviniana
Rchb.

Newly occurring grass species:
Agrostis stolonifera L., Carex hirta L., Juncus tenuis Willd., Lolium perenne L., Poa pratensis L., Scirpus sylvaticus L.

© 2006 The Authors
Journal compilation © 2006 The Royal Entomological Society, Medical and Veterinary Entomology, 20, 166—172
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Abstract. A total of 150 nymphal Ixodes ricinus (L., 1758)
(Acari: Ixodidae) from the Czech Republic were examined for
Anaplasma phagocytophilum (Foggie, 1949) Dumler et al.,
2001 by PCR using EHR521/747 primers: 22 of 50 pools were
positive (minimum prevalence, 14.7%). However, sequencing
of the PCR products did not show complete homology with A4.
phagocytophilum (91%) while the closest relationship (95%)
was found to “Candidatus Ehrlichia walkerii”. The results
indicate a need for care in interpretation of Anaplasma PCR
results and for PCR optimization for detecting 4. phagocyto-
philum in ticks.

The causative agent of human granulocytic anaplasmosis
(HGA) (formerly called human granulocytic ehrlichiosis,
HGE) is Anaplasma phagocytophilum (Foggie, 1949) Dumler
et al., 2001 (formerly called Ehrlichia phagocytophila) (Ana-
plasmataceae, Rickettsiales), a gramnegative obligate intracel-
lular bacterium with tropism to leukocytes in the vertebrate
host. This is an emerging zoonotic disease transmitted by
ixodid ticks and first described in the USA, where several
hundred cases have been reported since 1994 (Bakken and
Dumler 2006). A limited number of laboratory-confirmed
cases of human anaplasmosis due to 4. phagocytophilum have
been reported from countries in Europe, including Austria,
Italy, Latvia, the Netherlands, Norway, Poland, Czech Repub-
lic, Slovenia, Spain, and Sweden (Bakken and Dumler 2006),
and the common tick Ixodes ricinus (L.) has been identified as
the principal vector of this rickettsial agent in Europe (Parola
and Raoult 2001). In Europe, prevalence of A. phagocytophi-
lum in I ricinus differs considerably according to various
authors (Table 1).

The purpose of this study was to assess prevalence of 4.
phagocytophilum in nymphal 1. ricinus ticks in an area of
South Moravia (Czech Republic) where Lyme borreliosis is
endemic (Hubalek et al. 2003). Host-seeking nymphal I
ricinus were collected by flagging low vegetation during
September 2003. All tick specimens were frozen at —60°C
until examination. Immediately before DNA isolation, nymphs
were surface-sterilized with 70% ethanol (PCR quality), then
pooled (3 nymphs per pool) and mechanically disrupted using
a sterile glass microblender. The total genomic DNA was
extracted with QlAamp DNA Tissue Kit (Qiagen, Hilden,
Germany) according to manufacturer’s instructions. PCR de-

Address for correspondence: I. Rudolf, Medical Zoology Labora-
tory, Institute of Vertebrate Biology, Academy of Sciences of the
Czech Republic, Klasterni 212, 69142 Valtice, Czech Republic.
Phone: ++420 519 352 961; Fax: ++420 519 352 387; E-mail:
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tection of A. phagocytophilum was performed as described
previously including primers EHR521 (5’-TGT AGG GGG
TTC GGT AAG TTA AAG-3’) and EHR747 (5’-GCA CTC
ATC GTT TAC AGC GTG-3") which amplify a 247 bp partial
sequence of A. phagocytophilum 16S rRNA gene (Pancholi et
al. 1995). Each reaction tube contained 75 mM Tris-HCl (pH
8.8), 20 mM (NH,),SOy4, 0.001% Tween 20, 2.5 mM MgCl,,
200 mM mixture of dNTPs, 2.5 U Taq purple DNA poly-
merase and 25 pmol of each primer. PCR technique was per-
formed in a PTC-200 Gradient Thermal Cycler (MJ Research,
USA) under the following conditions: 30 sec of denaturation
at 94°C, 30 sec of annealing at 55°C and 1 min of extension at
72°C consisting of 40 cycles. The PCR products were sepa-
rated on 2% agarose gel, stained with ethidium bromide and
visualised under UV light. DNA extraction and PCR handling
were done separately in two rooms to avoid possible cross-
contamination of the samples. Specific PCR products were
further characterized by sequence analysis. DNA fragments
were precisely excised from the gel and purified with the Gel
Extraction Kit (Qiagen, Hilden, Germany). The nucleotide
sequences were determined by direct sequencing of PCR
products. To ensure the specificity, the PCR products were
sequenced twice in both directions using EHR521 and
EHR747 primers. CEQ 2000 Dye terminator Cycle sequenc-
ing Kit was used, sequences were analysed on the ABI Prism
877 ITC automated DNA sequencer (Beckman Coulter, USA)
using DNASTAR software (DNASTAR, London, UK), and
compared with those in the GenBank. BLAST programs of the
National Center for Biotechnology Information (Bethesda,
MD, USA) were used for database searches.

A total of 150 nymphal I ricinus in 50 pools were
screened. Specific products of A. phagocytophilum were de-
tected in 22 pools, which gives a minimum prevalence of
14.7%. Randomly selected PCR products from positive
specimens were subjected to sequence analysis for confirma-
tion and compared with sequences deposited in the GenBank
database. Surprisingly, all sequences demonstrated only 91%
nucleotide identity with the 4. phagocytophilum AF481855.1,
which was detected in cervids in Slovenia (Petrovec et al.
2002). The highest homology (95% nucleotide identity)
was shown to a new “Candidatus Ehrlichia walkerii”
(AY098730.1), which was detected in /. ricinus removed from
asymptomatic patients in Belluno, Italy (Brouqui et al. 2003,
Sanogo et al. 2003), followed by Ehrlichia-like sp. “Schotti
variant” (AF104680; 95% nucleotide identity) and “Candida-
tus Neoehrlichia mikurensis” (AB074460.1; 95% nucleotide
identity). Furthermore, another sequencing of 16S rRNA gene
has confirmed the first results.



Table 1. Minimum prevalence of rickettsiae declared as Anaplasma phagocytophilum in Ixodes ricinus in Europe according to
various authors.

Country Nymphs Adults Total”
Finland (Makinen et al. 2003) 0/111 (0.0)° 0/343 (0.0) 0/454 (0.0)
Norway (Jenkins et al. 2001) 1/185 (0.5) 2/156 (1.3) 3/341 (0.9)
Denmark (Skarphédinsson et al. 2007) 10/69 (14.5) 15/37 (14.6) 25/106 (23.6)
Estonia (Makinen et al. 2003) - 3/100 (3.0) 3/100 (3.0)
Poland (Grzeszczuk et al. 2002) 1/74 (1.4) 59/302 (19.5) 60/376 (16.0)
Austria (Six! et al. 2003) - 12/235 (5.1) 12/235 (5.1)
Czech Republic (Hulinska et al. 2002) - - 2/90 (2.2)
Slovakia (Derdakova et al. 2003) 0/20 (0.0) 5/40 (12.5) 5/60 (8.3)
Hungary (Srétér et al. 2004) - 6/452 (1.3) 6/452 (1.3)
Slovenia (Petrovec et al. 1999) - 3/93 (3.2) 3/93 (3.2)
Republic of Moldova (Koci et al. 2007) - - 18/198 (9.1)
Italy (Mantelli et al. 2006) 100/1014 (9.9) - 100/1014 (9.9)
United Kingdom (Ogden et al. 1998) 5/135 (3.7) 5/114 (4.4) 10/249 (4.0)
The Netherlands (Wielinga et al. 2006) - - 4/1580 (0.3)
France (Ferquel et al. 2006) 4/1065 (0.4) 2/171 (1.2) 6/1236 (0.5)
Switzerland (Pusterla et al. 1999) 3/575 (0.5) 18/1092 (1.6) 21/1667 (1.3)
Germany (Baumgarten et al. 1999) - 6/275 (2.2) 6/275 (2.2)
Baltic Region (Russia) (Alekseev et al. 2001) - - 3/295 (1.0)
Bulgaria (Christova et al. 2003) 10/42 (23.8) 56/185 (30.3) 66/227 (29.1)
Portugal (Santos et al. 2004) 6/142 (4.2) - 6/142 (4.2)
Spain (Oteo et al. 2000) /7 (24.1) - /7 (24.1)

“nymphs and adults, total; "no. positive/no. examined (% positive) individuals.

These findings indicate potential difficulties in molecular
detection of the HGA agent in ixodid ticks, when the primer
pair EHR521 and EHR747 is used. According to a compara-
tive study (Massung and Slater 2003), the primers EHR521
and EHR747 were found to be highly sensitive, but with a
poor specificity, since they detected in addition to 4. phagocy-
tophilum also Rickettsia rickettsii, Bartonella henselae, Ehr-
lichia chaffeensis, and probably other rickettsial endosymbi-
onts of ticks. Moreover, Massung et al. (2003) found a non-
pathogenic (in mouse model) variant “Ap-1” of A. phagocyto-
philum occurring more often (about 10 times) than the patho-
genic variant “Ap-ha”; at the same time, genetic difference
between both variants was found to be negligible (only two
nucleotides) in 16S rRNA gene sequence. Furthermore, se-
quence of a non-pathogenic variant of A. phagocytophilum
was amplified from /. ricinus ticks collected in Spain (Portillo
et al. 2005). Recent data suggest that Ap-1 is restricted to
ruminant species and represents a lineage distinct from Ap-ha,
which infects humans and numerous other mammals (Mas-
sung et al. 2006).

Our results, in accord with those of Shukla et al. (2003),
emphasize the importance to sequence rickettsial PCR prod-
ucts for confirmation of their specificity. A very high preva-
lence of 4. phagocytophilum in I ricinus ticks in Europe was
reported in, e.g., Bulgaria (Christova et al. 2003), Denmark
(Skarphédinsson et al. 2007), Poland (Grzeszczuk et al. 2002),
Slovakia (Derdakova et al. 2003) or Spain (Oteo et al. 2000).
Some of these figures might have been over-estimated due to
missing confirmation of PCR products by sequencing (Shukla
et al. 2003). The relatively very low incidence of reported
clinical cases of HGA (much lower than that of Lyme bor-
reliosis) in Europe should be a reflection of the lower actual
prevalence of the human pathogenic variant of 4. phagocyto-
philum (compared to Borrelia burgdorferi sensu lato) in

Ixodes ricinus ticks, but this contrasts with some data reported
(Table 1). Our findings as well as reports of other authors
(Massung et al. 2003, Shukla et al. 2003) indicate clearly that
a high caution is necessary for correct interpretation of the
PCR-based results of 4. phagocytophilum presence in ixodid
ticks.

In conclusion, standardisation of molecular detection of the
HGA agent seems to be desirable. Most importantly, a novel,
more specific primer pair, which would differentiate the hu-
man-pathogenic variant of 4. phagocytophilum from the non-
pathogenic one by PCR, is highly needed.
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Borrelia burgdorferi s.l. v klistatech na ostravskych
haldach

Jarogova V.12, Rudolf 1.}, Halouzka J.!, Hubalek Z.1

1Ustav biologie obratlovett AVCR v.v.i. Brno, oddéleni medicinské zoologie Valtice
2Masarykova univerzita Brno, Prirodovédecka fakulta, Ustav experimentalni biologie,
oddéleni mikrobiologie

Souhrn

V letech 2005 a 2008 byly provadény periodické sbéry klistéte obecného Ixodes ricinus na ostrav-
skych haldach Oskar (A) a Emma (B), &isteéné porostlych vegetaci véetné difevin, a na kontrolni
lesni lokalité (C) u nedalekého mésta Hluéin, Praimérna frekvence klistat (poéet nasbhiranych klis-
tat za hodinu vlajkovani) byla vysoka, na haldé A 35,3 nymf a 12,7 dospélcii, na haldé B 23,3 nymf
a 26,0 dospélei, a na lokalité C 25,4 nymf a 16,8 dospéleii. Mikroskopii v zistinu bylo na piitom-
nost borrelii Borrelia burgdorferi sensu lato vySetieno z kazdé lokality 100 nymf a 100 dospéleit
(50 samie a 50 samet). Pramérna prevalence B. burgdorferi s.l. v klistatech byla na haldé A 10,0 %
u nymf a 12,0 % u dospéle, na haldé B 10,0 % u nymf a 24,0 % u dospéleil, a na lokalité C byl ten-
to podil 13,0 % u nymf a 17,0 % u dosp8leii. Rozdily v celkové prevalenci borrelii v klistatech mezi
haldami A nebo B a kontrolni plochou bez ohledu na stadium klistéte nebyly statisticky prikaz-
né, i kdyz dospéla klistata z haldy B obsahovala borrelie signifikantné ¢etnéji nez dospélci z hal-
dy A. Lokality se mezi sebou lisily ve frekvenci priimérného poétu klistat infikovanych borreliemi
za hodinu shé&ru: na haldé A to bylo 3,3 nymf a 1,2 dospéleil, na haldé B 1,56 nymf a 2,9 dospélet,
a na kontrolni lokalité 3,1 nymf a 2,6 dospélcii. Izolaéni pokusy byly provedeny u 16 klistat s pii-
tomnosti vétéiho poétu spirochét, a u 8 z nich se podafilo vykultivovat borrelie, které byly pomo-
ci PCR-RFLP identifikovany jako B. garinii (3 izolaty: 1 Hluéin; 2 halda B), B. afzelii (4 izolaty:
1 halda A; 3 halda B) a B. burgdorferi s.s. (1 izolat halda A). Vysledky ponékud piekvapivé nazna-
&uji, Ze ostravské haldy hlusiny, pokud jsou porostlé vegetaci véetné difevin a navstévovany lidmi,
mohou teoreticky piedstavovat piibliZzné stejné potencialni riziko nikazy ¢lovéka lymskou borre-
libzou jako bézné lesni biotopy.

Kligova slova: Ivodes ricinus — vysypky hlusiny - lymska borreliéza - riziko pirenosu.

Summary

Jarosova V., Rudolf L, Halouzka J., Hubalek Z.: Borrelia burgdorferi sensu lato
in Ixodid Ticks from Ostrava Slag Heaps

In 2005 and 2006, Ixodes ricinus ticks were collected on two slag (waste rock) heaps from coal
mines in the Ostrava area (North Moravia/Silesia, Czech Republic), Oskar (site A) and Emma (site
B), partially covered by vegetation including trees, and at a control forest site near Hlu&in (site
C). The mean numbers of I. ricinus nymphs and imagoes flagged per person-hour were high: 35.3
nymphs and 12.7 imagoes, at site A, 23.3 and 26.0, respectively, at site B, and 25.4 and 16.8,
respectively, at control site C. Using dark-field microscopy, 100 nymphs and 100 imagoes (50
females and 50 males) from each site were examined for borreliae. The mean prevalence rates of
Borrelia burgdorferi sensu lato in nymphs and imagoes were 10.0 % and 12.0 %, respectively, at site
A, 10.0 % and 24.0 %, respectively, at site B, and 13.0 % and 17.0 %, respectively, at site C. Differences
in the prevalence of borreliae in nymphal and adult ticks from the slag heaps and control site
were insignificant, but adult ticks from site B compared to site A contained borreliae significantly
more frequently. The mean numbers of nymphs and imagoes infected with borreliae flagged per
person-hour were 3.3 and 1.2, respectively at site A, 1.5 and 2.9, respectively, at site B, and 3.1 and
2.6, respectively, at site C. Isolation experiments for borreliae were carried out only in 16 ticks
containing higher numbers of borreliae, with eight of these being culture-positive. The cultured
borreliae were identified by PCR-RFLP as B. garinii (3 isolates: two from site B, one from site C),
B. afzelii (4 isolates: one from site A, three from site B) and B. burgdorferi s.s. (one isolate from site
A). Surprisingly, the results suggest that slag heaps, when covered by woody vegetation and
frequented by humans, could theoretically pose roughly the same LB transmission risk to humans
as common forest biotopes.

Key words: Ivodes ricinus - slag heaps - Lyme borreliosis - transmission risk.



Lymska borrelioza (LB), jejimz piivodcem je
Borrelia burgdorferi sensu lato [2], je jednou z nej-
vyznamnéjsich a nejhojnéjich zoonéz holarktické
oblasti [6, 28, 30, 31]. Komplex B. burgdorferi s.1.
zahrnuje t.¢. minimalné 12 genomickych druht
(genomospecies, nomenklatoricky nepiesné zva-
nych genospecies), které se ¢asteéné lisi také svou
ekologii, epidemiologii, mirou patogenity i klinic-
kym obrazem vyvolavané nemoci. Pro ¢lovéka
patogenni a LB prokazatelné vyvolavajici jsou
predevsim B. burgdorferi s.s., B. afzelii a B. gari-
nii, ojedinéle jsou vsak popisovany také piipady
LB vyvolané B. valaisiana a B. lusitaniae [3, 27].

V Ceské republice byly piipady LB &lovéka
laboratorné (sérologicky) potvrzeny poprvé ve
druhé poloving 80. let [4, 21], a borrelie pFitomné
v tkanich pacientt byly u nas pozorovany nedlou-
ho poté [15, 29]. V tomto obdobi byla také v Ces-
ku B. burgdorferi s.1. poprvé mikroskopicky dete-
kovana v klistatech Ixodes ricinus [20] a nasledné
z klistat izolovana [14]. LB je u nas nejhojnéjsi
klistaty pfenosnou zoondzou: béhem let
1993-2007 bylo v CR hlageno pramérné 3680
(rozsah 2138-6302) LB pi¥ipada ro¢né [18, EpiDat
— Statni zdravotni ustav Prahal. V roce 1995 bylo
zaznamendano rekordnich 6302 pripadii onemoc-
néni, coz podle epidemiologii souviselo s nadnor-
malnim vyskytem klistat. Signifikantni vztah
mezi pocetnosti nymf klistéte obecného a inciden-
ci LB byl prokazan napt. na jizni Moravé [12].

Ekosystém, v némz se vektor LB — kli5té kom-
plexu Ixodes ricinus — prevainé vyskytuje, jsou
listnaté a smiSené lesy mirného klimatického
pasu. Popsan je ovSem také ¢asty vyskyt borrelii
v klistatech evropskych méstskych parki [1, 7, 10,
19, 22-24]. Doposud vsak nebyla vénovana dosta-
tetnd pozornost moznosti vyskytu klistat infiko-
vanych borreliemi v tak vyhranéné antropogen-
nim biotopu, jaky pifedstavuji odvaly karbonské
hlusiny z éernouhelnych dold, které se nachazeji
napf. na Ostravsku. Mnohé z téchto ostravskych
hald byly sukcesné osidlovany vegetaci, a postup-
né se na nich objevovaly také nékteré druhy endo-
termnich obratlovei, potencialnich hostitela klis-
tat. Proto jsme se domnivali, Ze by se na haldach
mohla vyskytovat i klistata, piipadné nakaZena
borreliemi. Klisté I. ricinus bylo ostatné trvale
nalézano na vysypkach hnédouhelnych dolti na
Mostecku zhruba 10 let po jejich rekultivaci [26].

Material a metody

Charakteristika lokalit

Vsechny 3 sledované lokality se nachazeji na tizemi Morav-
skoslezského kraje (obr. 1). V obdobi 1961-1990 byl na tomto
uzemi prumérny roéni souhrn srazek 677 mm, pramérna tep-
lota vzduchu 8,6 °C, v mésicich biezen aZ listopad 11,7 °C.

Epidemiologie, mikrobiologie, imunologie

V roce 2005 byla pramérna teplota vzduchu od bfezna do listo-
padu mirné nadnormalni (12,4 °C), a roéni souhrn srazek ¢inil
699 mm (tdaje Ceského hydrometeorologického tstavu).

Shéry klistat byly provadény na haldach patiicich ke dvé-
ma méstskym éastem Ostravy, a na kontrolni lokalité u Hlu-
¢ina. Oba studované umélé biotopy odvalii na tizemi Ostravy
vznikly relativné nedavno, kdy byla hlusina (odpad z téiby
¢erného uhli) navezena do ,hald“ a tyto haldy pak postupné
osidleny pfirodnim naletem dfevin anebo dievinami uméle
osazeny (rekultivovany).

Halda Oskar (lokalita A: 49°51°45” N, 18°14'10” E) je
vysypkou nepravidelného tvaru z byvalého dolu Oskar (pozdé-
ji pfejmenovaného na dual Lidice), ktery byl zaloZen v roce
1891 u zapadniho okraje obce Petikovice. Tézba uhli zde pro-
bihala v letech 1896-1967. Halda neni termicky aktivni, ma
rozlohu 2,2 ha a objem hluginy >1,5 mil. m? Vysypka byla
rekultivovana, vegetaéni kryt je piesto tvoien z velké ¢asti
prirodnim naletem dfevin (obr. 2). V druhové skladbé prevla-
daji ve stromovém patru biiza bradaviénata, dub zimni a cer,
javor klen, lipa malolist4, olse lepkava; v kefovém patru bez
cerny, liska. Bylinné patro je zastoupeno napi. druhy hluchav-
ka bild, kopfiva dvoudoma, sasanka hajni, jahodnik obecny.
Zdej&i faunu obratlovet — hostitelt klistat — tvoii hrabos pol-
ni, nornik rudy, mysice kiovinna a lesni, rejsek obeceny, jezek
vychodni, zajic, liska, prase divoké, srnec; z ptdakii bazant obec-
ny, kukacka, drozd zpévny, kos, ¢ervenka, strnad obecny.
Z klistat jsme prokazali pouze druh klisté obecné (Ixodes rici-
nus).

Halda Emma (lokalita B, halda oznadovina také jako Tere-
zie, Terezie-Emma ¢ Emma-Terezie: 49°5023” N 18°18'54" E)
je byvalou vysypkou dolu Terezie (piejmenovaného na dal Petr
Bezrué) a dolu Svaté Trojice, a nachazi se v oblasti na pravém
birehu feky. Oba doly byly zalozeny ve 40. letech 19. stoleti, byly
posléze slouceny, a tézba v dolu Petr Bezrué probihala az do
roku 1992. Haldu o rozloze asi 34 ha tvofi >4 mil. m? slehava-
jici hluginy. Tato vice nez 150 let stara halda je termicky aktiv-
ni, vyvéraji z ni bélostné oblacky plynd, obsahujici zejména
oxid sifi¢ity. Diky tomu se také na vrcholu odvalu nikdy neu-
drzi snih. Vysypka byla rekultivovana: na severni strané je
husty les; jiZni svah, ktery stale prohofiva, je porostly Fidéeji
naletovymi dievinami (obr. 3). Halda je protkana nékolika zna-
tenymi stezkami, a slouzi dokonce jako vyletni misto pro oby-
vatelstvo. V druhové skladbé prevladaji ve stromovém patru
biiza bradavitnata, dub zimni a cer, javor mlé¢, jasan ztepily,
Jjetab obeeny; v kefovém patru bez éerny, liska, diin, lipa malo-
lista, svida. V bylinném patru jsou druhy kopfiva dvoudoma,
svizel piitula, netykavka malokvéta, staréek obecny, kaprad
samec a mnoho daldich. Ze savel se zde vyskytuje veverka,
hrabo# polni, mysice kfovinna a lesni, rejsek obecny, jeiek
vychodni, zajic; z ptaka napi. bazant, kos, drozd zpévny, ter-
venka a strnad obecny. Z klidfat jsme na lokalité zjistili pouze
klisté obecné.

Hluéin - porost Stipky (lokalita C: 49°55'25” N, 18°13'45”
E; 286 m n.m.). Les Stipky, ktery jsme zvolili za kontrolni
lokalitu, se nachazi asi 2 km od predmésti Darkovicky, a je
soudasti bazantnice v Silhefovicich. V druhové skladbé pie-
vladaji ve stromovém patru dub letni, zimni a cer, javor klen
a mlé¢, buk, briza bradaviénata, habr, olse }ebkavé, smrk,
jeiab obecny; v kefovém patru pak bez ¢erny, liska, ostruzinik
kiovity a malinik. V bylinném patru jsou zastoupeny druhy
hluchavka bila, kopfiva dvoudoma, sasanka hajni, netykavka
malokvéta, tufice tieslicovita, kaprad samec a mnoho dalgich.
Ze saven se bézné vyskytuji hrabog polni, nornik rudy, mysice
kiovinna, lesni a temnopdsa, veverka, rejsek obecny, krtek,
jezek vychodni, zajic, liska, prase divoké, srnec. Pohybuje se
zde velké mnoZstvi bazanti a mnohé dalgi druhy ptaka napi.
kukacka, kos, drozd zpévny, éervenka, stiizlik, brhlik, sojka,
straka, strnad obecny. Z klistat se zde nachazi pouze druh
klisté obecné,
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Obr. 1. Mapka Ostravska (http:/supermapy.centrum.cz}
se tiemi krouzky vyznacéujicimi lokality shéru (od severu
k jihu studijni plochy Hluéin, halda A, a halda B)

Fig. 1. Map of the Ostrava area (http:/supermapy.centrum.cz)
with three encircled tick collection sites (from North to South:
Hluéin, control site C, slag heap Oskar, site A, and slag heap
Emma, site B)

Obr. 2. Halda A (,Oskar®)

Fig. 2. Site A (slag heap Oskar)

Obr. 3. Halda B (_.Emma*“), svahy

Fig. 3. Site B (slag heap Emma), slopes

Shér klistat a jejich vySetieni na borrelie

Shér. Hladové nymfy a imaga klistéte obeeného Ixodes rici-
nus byly shirany vlajkovanim nizké vegetace pomoci bilé flane-
lové latky (60x100 em) od dubna do zaii v letech 2005 a 2006,
a transportovany do laboratofe ve sklenénych zkumavkach
s korkovymi zatkami a nékolika vloZzenymi listy travin proti

92

Obr. 4. Halda B (,Emma®), horni partie

Fig. 4. Site B (slag heap Emma), upper part

vyschnuti. Zkumavky s zivymi kligtaty byly v laboratoii uchova-
vany pri 5 °C, a listy travin podle potieby obménovany. Shéry
kligtat byly provedeny v 10 terminech: 4krat v roce 2005 a 6krat
v roce 2006, viechny od dubna do éervence; podzimni sbéry neby-
ly uskuteénény vzhledem k nizké potetnosti kligtat. Uhrnem
bylo na borrelie mikroskopicky vysetfeno 600 klistat — po 200
kusech (50 samic, 50 samet a 100 nymf) z kazdé lokality.



Tab. 1. Pfehled pouzitych kontrolnich kmenu borrelii s oznacenim fragmentii vzniklych po restrikénim Stépeni PCR produktu
rrf (5S)—rrl (233) [25]

Table 1. Control strains of 5 Borrelia species and lengths of restriction fragments of rrf (58 )-rrl (238) intergenic amplicons [25]

Kmen Ger:l(:.r:licky Zdroj Zemépisna oblast Donor Amplikon Fra(gl?; t)anty
B31T B. burgdorferi s.s.| I scapularis Shelter Island (N.Y.) J.F.Anderson 254 bp [108, 51, 38, 29, 28
20047T B. garinii I ricinus Bretan (Francie) I. Livey 253 bp 108, 95, 50
VS461T B. afzelii L ricinus Valais (Svycarsko) I. Livey 246 bp 108, 68, 50, 20
vsi116T B. valaisiana I ricinus Valais (Svycarsko) I. Livey 255 bp 175, 50, 23, 7
BR 41 B. lusitaniae I ricinus Valtice (CR) UBO AVCR 257 bp 108, 81, 39, 29

T typovy kmen piisluéného genomického druhu.
T type strain of the respective genomic species.

Mikroskopie. U jednotlivych klistat byla na mikroskopic-
kém podloznim sklicku idiosoma oddélena od gnathosomy
a konéetin pomoci preparaénich jehel. Vypreparované stievo
bylo rozmélnéno a stievni obsah homogenizovan v kapee ste-
rilniho fyziologického roztoku, piekryt krycim sklickem
a vySetien mikroskopii v zastinu pil zvétdeni 160krat
a 400krat. Prohlédnuta byla vidy celd plocha preparatu,
a u pozitivnich vzorka byly spirochéty spoéitany. Spirochéty
morfologicky shodné g borreliemi jsou povazovany v této stu-
dii za Borrelia burgdorferi s.1., nebot nalezy spirochét jinych
nez nalezejicich ke komplexu B. burgdorferi s.1. v nymfach
a dospéleich I ricinus jsou ve stiedni Evropé zcela vyjimedné
(a tudiz zanedbatelné).

Izolace a kultivace. Byla-li infekce borreliemi podle mik-
roskopického vysetieni dostatetné intenzivni (>100 spirochét
v klistéti) nebo vykazovaly-li spirochéty vyraznou motilitu,
bylo piistoupeno k izolaénimu pokusu. Homogenat stieva klis-
téte byl z kryciho i podlozniho skli¢ka smyt do malé (3 ml)
sklenéné zkumavky s médiem BSK-H (Sigma, Némecko) s pii-
davkem fosfomycinu (100 ug/ml) a rifampicinu (50 pg/ml). Ve
zvlastnich piipadech (pii rezistenci kontaminanty) byl pouzit
také sulfametoxazol (50 ug/ml) a trimetoprim (10 ug/ml) (Sig-
ma, USA). Inokulaty byly inkubovany az 4 tydny pii 33 °C,
pritbézné mikroskopicky kontrolovany, a pozitivni vzorky
pasazovany do éerstvého kompletniho média BSK-H doplné-
ného antibiotiky. Izolované kmeny byly pro uchovani zmraze-
ny v plastovych kryozkumavkach (Nune, Dansko) v médiu
BSK-H s piidavkem 10% dimetylsulfoxidu (Sigma) jako kry-
oprotektiva pfi teploté —60°C, p¥ipadné i v kapalném dusiku
pfi -196 °C.

Identifikace borrelii (PCR a polymorfismus délky
restrikénich fragmenta, RFLP). Spirochetilni bunky urée-
né pro izolaci DNA byly kultivovany do logaritmické faze riis-
tu, zkoneentrovany centrifugaci (8500 g, 30 min, 4 °C), 2krat
promyty sterilnim fyziologickym roztokem centrifugaci za
stejnych podminek, resuspendoviany v odpovidajicim mnozstvi
sterilniho fyziologického roztoku (cea 0,5ml), a zmrazeny pii
-20 °C. Bakterialni DNA byla izolovana pomoci DNeasy® Tis-
sue Kit (Qiagen, Némecko) presné podle navodu dodavaného
vyrobcem. Takto pripraveny vzorek DNA byl uchovavan pii
~20 °C, a pouit jako templat pro PCR. Primery byly vybrany
tak, aby doglo k amplifikaci variabilniho regionu mezi dvémi
konzervovanymi strukturami, 3’ koncem 5S rRNA (rf) a 5
koncem 235 rRNA (rrl). Amplifikované fragmenty jsou u riz-
nych kment borrelii dlouhé 226 az 266 bp [25]. Byly piipra-
veny vzorky nagich izolati a také typovych kmeni borrelii,
které byly pasazovany a uchovavany na oddéleni medicinské
zoologie UBO AVCR ve Valticich (tab. 1). V PCR byl pouzit
2krat koncentrovany PPP Master Mix (Top-Bio, CR): 15 mM
Tris-HCI (pH 8,8); 40 mM (NH,),S0,: 0,02% Tween 20; 5 mM
MgCl,; 400 uM dATP, dCTP, dGTP, dTTP; 100 U/ml Taq purp-
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le DNA polymerazy; aditiva, stabilizatory. Reakéni smés o cel-
kovém objemu 25 ml se skladala z PPP Master Mix, PCR H,0,
primeru (Invitrogen, USA) o koncentraci 20 pmol, a templato-
vé DNA. Program termocykleru PTC-200 (MJ Research, USA)
zahrnoval celkem 30 cyklu s etapami 1 min/94 °C; 1 min/52
°C; a 2 min/72 °C, Izolace DNA, pfiprava PCR smési, vlastni
amplifikace stejné jako post-PCR kroky probihaly oddélené
(Casove 1 prostorové) kvuli zamezeni mozné zkiiZzené kontami-
nace vzorku.

Amplikon mezernikového useku mezi geny rrf a rri byl dale
§tépen restrikénim enzymem Msel (New England Biolabs,
USA), ktery rozklada DNA v cilovém misté 5- T|TAA- 37; 3-
AATTT- 5 [25]. Po restrikénim &tépeni PCR produktu byla
provedena elektroforéza vzorkl v aparatuie Biorad (Biorad
Laboratories, USA) v 3% agarézovém gelu (Invitrogen, USA)
pii pouziti 0,5krat TBE pufru (SERVA, Némecko) za stan-
dardnich podminek (napéti 70 V, 18 mA, 2,5 h). Gel byl barven
ethidium bromidem (Top-Bio, CR), a amplifikovana DNA byla
analyzovana pod UV gvétlem v transluminatoru (Ultra-Cam,
USA). Vizualizovana DNA byla zpracovana dokumentaénim
systémem Ultra-Cam (USA),

Kvantitativni udaje a jejich statistické zpracovani

Abundance klidtat a borrelii byly vyjadieny indexy:

1) Frekvence klistat (F) - pramérny pocet kligtat za hodi-
nu shéru vlajkou (neboli ,na vlajkohodinu®). Charakterizuje
momentalni pocetnost klidgfat na lokalité.

2) Prevalence borrelii (P) - pramérny podil kligtat s bor-
reliemi z celkového poétu vysetfenych.

3) Frekvence pozitivnich klistat (Fp) - prumérny pocet
kligtat s borreliemi za hodinu vlajkovani; F]J =FxP [13].

Pro hodnoceni statistické priukaznosti rozdilia v proporcich
(¢etnosti) podle tabulek 2x2 nebo 2x3 byl pouzit %2 test (pro-
gram SOLO 4.0, BMDP Statistical Software, California, USA).

Vysledky

Poéetnost klistat

Celkova prumérna frekvence kligfat/h byla na
kontrolni lokalité 25,4 nymf a 16,8 dospélet; na
haldé A 35,3 nymf a 12,7 dospélet; a na haldé B
23,3 nymf a 26,0 dospéleti (tab. 2). Ze viech 3 loka-
lit byla nejvy$si frekvence nymf na haldé A pii shé-
ru dne 30.4.2005 (62,0), na haldé B 13.5.2005
(43,0), a v Hluéiné 16.4.2006 (rovnéz 43,0). Frek-

vence dospélet na haldé A byla nejvyssi pii shé-
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Tab. 2. Frekvence klistat (F, pocet klistat/h), prevalence borrelii v nich (P, poéet pozitivnich/pocet vysetfenych kligfat), a frek-
vence pozitivnich kligtat (Fp, poéet pozitivnich kligfat/h) na 3 lokalitach Ostravska; nt, netestovéno

Table 2. Numbers of flagged ticks per person-hour (F), Borrelia prevalence rates (P = number of Borrelia-positives /number of
investigated ticks), and numbers of flagged Borrelia-positive ticks per person-hour (Fp) at 3 sites in the Ostrava area; nt, not

tested

Nymfy Samice Samci

Hluéin F P e, P F, F P F,
17.4.2005 37.5 4/32 4,69 3 16 0.5 1,5 0/3 0
22.4.2005 36 nt nt 3 1/3 1 5 0/5 0
30.4.2005 31 nt nt 11 3/9 3,67 12 1/9 1,33
13.5.2005 34 nt nt 12 nt nt 13 nt nt
7.4.2006 7 T 1 0 nt nt 3 0/3 0
16.4.2006 43 5/28 7,68 -4 1/4 1 14 0/14 0
28.4.2006 42 2/21 E 10 1/5 2 14 37 6
20.5.2006 10 0/8 0 5 2/5 2 13 1/4 3,25
17.6.2006 4 1/4 1 13 313 3 17 0/5 0
18.7.2006 9 nt nt 5 0/5 0 9 nt nt
Priamér 25,35 13,0% 3,06 6,60 24,0% 1,65 10,15 10,0% 1,32
Halda A F P F, F P F, F P F,
17.4.2005 447 0/28 0 0,67 0/1 0 1,33 1/2 0,75
22.4.2005 44 0/4 0 2 0/2 0 3 1/3 1
30.4.2005 62 0/10 0 4 0/4 0 3 0/3 0
13.5.2005 41 nt nt 10 2/8 2,5 12 nt nt
7.4.2006 27 3/13 6,23 i o7 0 6 0/6

16.4.2006 45 3/15 9 5 0/5 0 12 1/12

28.4.2006 24 0/8 0 10 0/5 0 12 0/6 0
20.5.2006 35 3/12 8,75 11 2/11 2 10 1/9 172,
17.6.2006 25 1/10 2,5 4 0/4 0 8 3/8 3
18.7.2006 5 nt nt 3 1/3 1 3 0/1 0
Pramér 35,30 10,0% 3,31 5,67 10,0% 0,55 7,03 14,0% 0,76
Halda B F P F, F P F, F P F,
17.4.2005 31,3 2/28 2,24 1,33 0/2 0 6 2/9 1,33
22.4.2005 25 nt nt 14 nt nt 16 4/14 4,57
30.4.2005 35 nt nt 13 nt nt 15 3/13 3,46
13.5.2005 43 nt nt 19 nt nt 26 nt nt
7.4.2006 3 1/3 1 5 15 i 11 2/11 2
16.4.2006 18 1/16 1,12 12 5/12 5 14 nt nt
28.4.2006 28 0/3 0 18 2/9 4 38 nt nt
20.5.2006 30 6/30 6 11 3/11 3 16 nt nt
17.6.2006 11 0/11 0 10 2/10 2 9 0/3 0
18.7.2006 9 0/9 0 1 01 0 5 nt nt
Pramér 23,33 20,0% 1,48 10,43 26,0% 2,14 15,60 22,0% 2,27

rech 13.5.2005 a 28.4.2006 (pokaZdé 22/h), na hal-
dé B 28.4.2006 (56/h), a v Hluéing 17.6.2006 (30/h).
Sezonalita klistat I. ricinus byla posouzena pomoci
hodnot jejich frekvence na viech 3 lokalitach
béhem mésici duben—tervenec 2006: maximum
frekvence nymf bylo na haldé A v dubnu (38/h), na
haldé B v kvétnu (30/h) a na lokalité C v dubnu
(31/h); maxima frekvence dospélei bylo dosaZeno
na haldé A v kvétnu (22/h), na haldé B jiz v dubnu
(33/h), a na lokalité C az v ¢ervnu (30/h).
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Prevalence borrelii v klistatech

Prevalenci ukazuje rovnéz tab. 2. Celkova pra-
mérna prevalence B. burgdorferi s.l. v klistatech
byla 11,0 % u nymf a 17,7 % u dospélct. Na loka-
lité A bylo pozitivnich 10,0 % samic, 14,0 % sam-
cti a 10,0 % nymf; na B 26,0 % samic, 22,0 % sam-
cl, 10,0 % nymf, a na kontrolni lokalité 24,0 %
samic, 10,0 % samcua a 13,0 % nymf. Nejvyssi pro-
cento pozitivnich dospélei, jak samic tak sameti,
bylo tedy zaznamenano na haldé B. Pomoci %2 tes-



Tab. 3. Kategorie klistat podle pocétu zjisténych borrelii. Z kazdé ze 3 lokalit bylo vySetfeno 100 nymf, 50 samic a 50 samei

Table 3. Distribution of ticks by number of detected borreliae. A total of 100 nymphs, 50 males and 50 females from each of sites

A, B and C were investigated. C, Hlu¢in (control site)

Lokalita Hluéin Halda A Halda B

Borrelii: 1-9 10-99 =100 1-9 10-99 =100 1-9 10-99 = 100
Nymfy : 8 2 2 7 1 3 7 0
Samice 6 4 2 i 2 1 7 5
Samci 1 3 1 3 3 2 3 6

Tab. 4. Piehled kmenu borrelii izolovanych z kligtat Ixodes
ricinus na Ostravsku

Poéty borrelii v klistatech

Table 4. Borrelial strains isolated from Ixodes ricinus ticks at
three sites of the Ostrava area

Izolat Sex| Lokalita [;;t-;.;n Ge';::llifky
BR V2 M Hluéin 28.4.2006 B. garinii
BR V4 F Halda B 20.5.2006 B. afzelii
BR V5 F Halda A 20.5.2006 EB. afzelii
BRVO | M | HaldaA | 1762006 | B bursdorferi
BR V10 M Halda B 20.5.2006 B. parinii
BR V11 M Halda B 20.5.2006 B. afzelii
BR V12 M Halda B 28.4.2006 B. garinii
BR V14 M Halda B 28.4.2006 B. afzeli

tu nebyl zjistén prukazny rozdil v prevalenci bor-
relii mezi samicemi a samci v thrnu (x? = 1,12; P
= 0,289), ani na zadné ze 3 lokalit. Byla v3ak zjis-
téna prukazné vyssi celkova prevalence borrelii
u dospélct nez u nymf klistat (y2 = 5,43; P =
0,020), ktera byla velmi vyrazna zejména u klis-
tat z haldy B (3% = 6,94; P = 0,008). Dospéla klis-
tata z haldy B obsahovala také borrelie prikazné
(x? = 4,88; P = 0,027) &etngji (24,0%) nez dospélci
z haldy A (12,0%), ostatni rozdily v prevalenci
mezi lokalitami u imag ani u nymf prikazné
nebyly.

Pocetnost infikovanych klistat

Pramérna frekvence klistat s borreliemi ,za
vlajkohodinu“ byla na kontrolni lokalité 3,1
nymf, 2,6 dospélet (1,6 samic a 1,3 samei); na
haldé A 3,3 nymf, 1,2 dospélet (0,6 samic, 0,8
samcl); a na haldé B 1,5 nymf, 2.9 dospélet (2,1
samic, 2,3 samct). Nejvyssi frekvence pozitivnich
nymf (tab. 2) byla na haldé A pii shéru 16.4.2006
(9,0), na haldé B 20.5.2006 (6,0), a v Hlué¢ineé
16.4.2006 (7,7). Frekvence pozitivnich dospéleti
byla nejvy8si na haldé A pti sbéru 20.5.2006
(3,1), na haldé B 16.4.2006 (5,0), a v Hluéiné
28.4.2006 (8,0).

Epidemiologie, mikrobiologie, imunologie

Klistata byla rozdélena podle poétu zjisténych
borrelii do 3 skupin (tab. 3). Nejvice dospélcii
obsahujicich >100 borrelii bylo nasbirano na hal-
dé B. Nymf obsahujicich >100 borrelii bylo jen
nékolik, a nymf's 10-99 borreliemi bylo nejvice na
kontrolni lokalité C.

Izolace a identifikace borrelii

7, 16 izolaénich pokust v médiu BSK-H bylo
uspésnych 8 pokusu (tab. 4). Amplifikaci pomoci
PCR primerua byl ziskan u vzorka pozitivnich na
piftomnost amplikonu B. burgdorferi s.l. frag-
ment o velikosti 226-266 pb, ktery byl dale $tépen
restriktazou Msel. Separaci produktt $tépeni na
3% agarozovém gelu byly ziskany fragmenty, kte-
ré byly porovnany s jiz publikovanymi restrikéni-
mi vzory [25]. Izolat BR-V2, ktery pochazel z loka-
lity Hluéin, byl identifikovan jako B. garinii.
Izolaty BR-V5 a BR-V9 z lokality A byly identifi-
kovany jako B. afzelii a B. burgdorferi s.s. Z haldy
B pochazely vzorky BR-V4, BR-V10, BR-V11, BR-
V12 a BR-V14. Ve tiech p¥ipadech byla identifi-
kovana B. afzelii a ve dvou pripadech B. garinii
(tab. 4).

Diskuse

Tato studie byla zaméfena na opakovany sbér
klistat v antropogenné narusenych ekosystémech
ostravské aglomerace (2 starsi haldy) a na kon-
trolnim nenarufeném biotopu smiSeného lesa
(Hluéinsko). Vybrané lokality jsou od sebe vzdale-
ny <10 km. P#i vybéru hald se muselo piihlizet
Jjak k jejich dostupnosti, tak k moZnosti provadét
sbéry. Halda A (Oskar) se nachazi na okraji més-
ta, v jeji blizkosti jsou lesy a pole, a proto se u ni
piredpokladalo vétsi druhové zastoupeni hostiteli
a tedy 1 vétsi frekvence zachytu kligtat nez u hal-
dy B (Emma), ktera se nachazi v blizkosti centra
mésta Ostravy. To ovéem bylo potvrzeno pouze
u nymf, zatimco dospélych klistat bylo vice na
haldé B. Pocetnost klistat mezi lokalitami byla
rozdilna, a vcelku vyrazné prevySovaly nymfy
nad dospélci.
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Distribuce LB je vazana na vyskyt klistéte
obecného a byva proto spojena s lesnimi biotopy,
aviak riziko nakazy predstavuji také napi. mést-
ské parky (viz uvod). Nékteré studie uvadeéji, ze
v méstskych parcich dosahuje pozitivita klistat az
30 % u dospélett a 14 % procent u nymf — napf.
v Brné [10]. V literatuie jsme ovSem nenalezli
praci, ktera by se zabyvala vySetfenim na borre-
lie klistat z rekultivovanych hald hlusiny z cer-
nouhelnych dolt. Nase nalezy prekvapivé ukazu-
ji, Ze 1 v tomto extrémnim antropogennim biotopu
se klistata obsahujici borrelie vyskytuji, a to
s poéetnosti, ktera dosahuje abundance v bioto-
pech piFirozenych.

Vsechny sbéry byly uskuteénény v mésicich
duben az ¢ervenec. Podzimni sbéry nebyly prova-
dény vzhledem k nizké pocetnosti klistat v této
dobé. V popisu sezonality frekvenci se zaméiujeme
pouze na rok 2006, ponévadz v r. 2005 byly prove-
deny jen 4 jarni sbéry. Maximalni po¢etnost nymf
byla zjisténa na lokalité Hlu¢in a na haldé
A v dubnu, zatimco na haldé B v kvétnu. Avsak
maximalni pocetnosti dospélci bylo dosazeno
u Hluéina v éervnu, na haldé A v kvétnu, na haldé
B v dubnu. Zd4 se, ze na haldach je sezénni vyvoj
klistat rychlejsi, pravdépodobné diky teplejsimu
mezoklimatu odvalt (zvlasté na haldé Emma). Na
haldé A a také na haldé B béhem letnich mésica
klesala pocetnost jak dospélct tak i nymf. To odpo-
vida studii, ve které v jarnich mésicich byla poéet-
nost kligtat (dospélet i nymf) maximalni a v nasle-
dujicich mésicich klesala [13].

Pramérna prevalence B. burgdorferi s.l.
v I ricinus v Evropé dosahuje 1,9 % u larev,
10,8 % u nymf a 17,4 % u dospéleta [9] a ligi se
podle metod pouZitych k detekei. Kultivace v BSK
médiu je méné citliva metoda nez mikroskopie (v
zastinu ¢ fazovém kontrastu) a PCR [5, 9]. V nasi
studii byla celkova primérna prevalence B. burg-
dorfert s.l. v klistatech 11,0 % u nymf a 17,7 %
u dospéleu, coz zcela odpovida celoevropskému
pruméru, a nelisi se nijak vyznamné od dat uve-
denych v jinych pracech uskuteénénych na tzemi
Ceska. Napi. na jizni Moravé byla zjisténa preva-
lence u nymf 17,2 % a u dospélea 23,2 % [11], na
Olomoucku u nymf 7,0 % a u dospélea 11,8 % [17],
v Praze 8,2 % u nymf a 15,9 % u dospélet [23].
V nasi studii byla zjisténa prakazné vyssi celkova
prevalence borrelii u dospélcet nez u nymf klistat,
ktera byla velmi vyrazna zejména u klistat z hal-
dy B. Je mozné, 7Ze mikroklima tohoto termicky
aktivniho odvalu piiznivé ovliviiuje vyvoj klistat
i borrelii, zejména v chladnéjsich obdobich roku.
Rozdily v prevalenci borrelii v klisfatech mezi
kontrolni plochou a haldami nebyly statisticky
prukazné.

Lokality se mezi sebou mirné lisily v indexu
prumérného poctu klistat infikovanych borrelie-
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mi za hodinu shéru: nejvyssi frekvence pozitiv-
nich nymf byla na haldé A (9,0) a nejvétsi frek-
vence pozitivnich dospélca v Hluéiné (8,0),
a obecné byla nejvys$si frekvence pozitivnich
kligtat v kvétnu. Mira rizika, jakou ptredstavuje
podet infikovanych kligtat za hodinu pro poten-
cialni navstévniky daného stanovisté, je vysoka
predevsim u nymf na kontrolni lokalité a halde
A, a u dospélea na haldé B, kde muzZeme v pru-
méru kazdych 20 min narazit na infikované
klisté. Mira rizika je nejvy&si u haldy B, na kte-
ré se vyskytovalo nejvice dospélych klistat obsa-
hujicich >100 borrelii. Nymf obashujicich >100
borrelii bylo jen nékolik, a nymf obsahujicich
10-99 borrelii bylo nejvice na kontrolni lokalité
Hluéin.

Pro identifikaci spirochét druhového komplexu
B. burgdorferi s.1. se uspésné pouziva PCR ampli-
fikace rrf (5S)-rrl (23S) intergenového mezerniku
(‘spaceru’) a nasledné analyzy tohoto amplikonu
pomoci RFLP [25, 31], coz bylo potvrzeno i v nasi
studii, v niZz bylo pomoci této techniky urcéeno
viech 8 ziskanych izolata. Izolat z kontrolni loka-
lity C byl identifikovan jako B. garinii, izolaty
z haldy A jako B. afzelii a B. burgdorferi s.s.,
a mezi kmeny pochazejicimi z haldy B byla ve
trech pripadech identifikovana B. afzelii a ve
dvou pripadech B. garinii. Toto zastoupeni jedno-
tlivych genomickych druht je typické pro Evropu,
v niz pievazuji genomické druhy B. garinii
(39,7%) a B. afzelii (37,1%), méné byva zastoupe-
na B.burgdorferi s.s. (15,9%) [8]. Frekvence
vyskytu B. burgdorferi s.s. se obecné snizuje od
zapadu k vychodu, v Ceské republice neni nijak
¢astd, a nevyskytuje se v Rusku [8, 25, 27]. Geno-
mospecies B. valaisiana a B. lusitaniae jsou dale-
ko méné obvyklé, 1 kdyz byly zaznamenany
i v zemich stfedni Evropy: B. valaisiana 1 u nas
[16] a na Slovensku [5], a B. lusitaniae v Portu-
galsku [3], na Ukrajing, v Ceské republice [11,16]
a na Slovensku [5].
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Blood sera collected from 400 domestic animals (260 cattle, 100 Merino sheep, and 40
Hutzul horses) in northeastern Hungary in 2005 were examined for antibodies against two
tick-borne viruses, tick-borne encephalitis flavivirus (TBEV) and Bhanja bunyavirus
(BHAV). Using ELISA as screening test and plaque-reduction neutralization as con-
firmatory test, seropositivity to TBEV was found to be 26.5% in cattle, 7.0% in sheep, and
0.0% in horses. Among cattle, the animals up to 3 years old had significantly lower
seroprevalence rate than those in older age groups. Natural foci of tick-borne encephalitis

Cattle are obviously present in northeastern Hungary. On the other hand, no antibodies
Horse neutralizing BHAV were detected in the domestic animals.
Sheep © 2008 Elsevier B.V. All rights reserved.

Hungary

1. Introduction

Tick-borne encephalitis flavivirus (TBEV), family Flavi-
viridae, is the agent of tick-borne encephalitis (TBE),
endemic in many European countries including Hungary.
Three antigenically distinct subtypes cause TBE (Theiler
and Downs, 1973; Randolph, 2008): the Western or Central
European encephalitis subtype (W-TBE or CEE) has been
isolated from most European countries and the European
part of Russia, while the Siberian (S-TBE) and Far-Eastern
(FE-TBE) subtype strains extend from European and Asian
Russia (and Japan) to Finland and the Baltic countries. Thus
all three subtypes circulate within Latvia, Estonia and
Finland (Lundkvist et al., 2001; Golovljova et al., 2004;
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Academy of Sciences of the Czech Republic, Medical Zoology Laboratory,
Klasterni 212, Valtice 69142, Czech Republic. Tel.: +420 519352961;
fax: +420 519352387.
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0378-1135/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
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Jddskeldinen et al., 2006), but only W-TBE has been
recorded in Lithuania (Mickiene et al., 2001). This pattern
corresponds to the distributions of the competent tick
vectors of TBE: the principal vector of the W-TBE subtype is
the hard tick Ixodes ricinus, while the main vector of the S-
TBE and FE-TBE subtype is Ixodes persulcatus (Randolph,
2008). Central European encephalitis (W-TBE) infection is
usually subclinical in adult ruminants. Epidemiologically
important, goat, sheep and cow excrete the virus in the
milk (Van Tongeren, 1955; GreSikova, 1958a,b). Menin-
goencephalitis with ataxia, jumping, tremor and convul-
sions can affect lambs (Papadopoulos, 1980).

A very similar disease, caused by louping ill virus (LIV),
occurs in sheep of the British Isles—the agent is very closely
related to TBEV, in fact it is another (the westernmost)
subtype of TBE, because antigenic and genomic similarity
between LIV and W-TBE is higher than that between W-
TBE and S-TBE (Shiu et al., 1991; Hubalek et al., 1995).

Bhanja virus (BHAV), family Bunyaviridae, causes
meningoencephalitis in lambs and leucopaenia in cattle
(Theiler and Downs, 1973) and is distributed in southern
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Fig. 1. Geographical distribution of animal sera investigated. Cattle sera were from the following locations: (1) Didsjend; (2) Nogradsipek; (3) Nogradszakal;
(4) Samsonhaza; (5) Piliny; (6) Zsunypuszta; (7) Fels6told; (8) Kisbarkany; (9) Ludanyhalaszi; (10) Patak; (11) Kazar; (12) Pétervasara; (13) Tarnalelesz;
(14) Istenmezeje; (15) Matraderecske; (16) Recsk; (17) Egerszolat; (18) Kisfiizes; (19) Ivad; (20) Fedémes; (21) Domahaza; (22) Alsotelkes; (23)
Sajolaszlofalva; (24) Aggtelek; (25) Trizs; (26) Szendrd; (27) Abod; (28) Galvacs; (29) Perkupa; (30) Josvaf6; (31) Szogliget; (32) Szinpetri. Places where
seropositivity was detected are marked by solid circles, lack of seropositivity is indicated by open circles. Horse sera came from location 30 and sheep sera

came from location 21.

Asia, Africa and southeastern Europe (Hubalek, 1987). In
Europe, BHAV is transmitted by metastriate ixodid ticks
Haemaphysalis punctata and Dermacentor marginatus.
Veterinary monitoring of sheep and goats in natural foci
has been recommended (Hubalek and Halouzka, 1996).

2. Materials and methods
2.1. Serum samples

Blood samples were collected during the year 2005
from 400 grazed domestic animals in northern Hungary:
260 cattle sera from 32 localities (11 in Nograd county, 9 in
Heves county and 12 in Borsod-Abatj-Zemplén county:
Fig. 1), 100 Merino sheep sera from 5 flocks at Domahaza,
and 40 horse (historical Hutzul breed) sera from Josvafé.

2.2. Serological tests

2.2.1. TBEV

2.2.1.1. ELISA. Serum samples were tested in commer-
cially available EIA TBEV-Ig kit (Test-Line, Ltd., Czech
Republic) according to the instructions of the manufac-
turer. Native serum samples were inactivated at 56 °C for
30 min. The optical density was measured at 450 nm.
The test was regarded valid when the optical density
(OD) value of the positive control was <0.5 x average OD

of the negative control, and when OD value of the
negative control was >0.200. Results were expressed as a
ratio of average OD value of the negative control/OD
value of the sample. The cut-off value for positive sera
was >1.9. All these positive sera were then tested in
confirmatory assay, the plaque-reduction neutralization
microtest (PRNT).

2.2.1.2. PRNT. Plaque-reduction neutralization microtest
(PRNWT) (Hubalek et al., 1979) on SPEV (porcine embryo
kidney) cells, which is based on PRNT assay suggested by
Madrid and Porterfield (1969), was used with the TBEV
strain Hypr—a prototype of Central European encephalitis
subtype of TBEV, isolated by Pospisil et al. (1954) from a
human patient. Sera were inactivated at 56 °C for 30 min,
and diluted 1:5 in Leibovitz L-15 medium (Sigma, USA).
Thirty microliter of diluted sera (in duplicate) were mixed
with 30 w1 of the TBEV suspension (containing about 30
plaque-forming units, PFU) in flat-bottomed microtiter
plates (Sarstedt, USA), and incubated at 37 °C for 60 min.
Then 60 w1 of cell suspension (about 20,000 cells) in
Leibovitz L-15 medium (Sigma, USA) with 2% foetal calf
serum (Sigma, USA) and antibiotics were added to each
well and incubated at 37 °C for 4 h. Thereafter 120 .l of a
carboxy-methyl cellulose overlay was added to each well
and incubated at 37 °C for 4 days. The cells were stained by
naphthol blue-black solution for 50 min at room tem-
perature. Sera reducing the number of PFU by 90%
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(PRNWTgp) at the screening dilution 1:10 were considered
positive.

2.2.2. Bhanja virus

The serological assay was performed in analogy to
PRNT used for TBEV. The BHAV strain applied was Bg 326
which was isolated from Haemaphysalis ticks in Bulgaria
(Pavlov et al., 1978). The test was conducted on Vero E6
cells in flat-bottomed microtiter plates, and evaluated after
an incubation at 37 °C for 3 days.

2.3. Statistical analysis
A SOLO statistical program (BMDP Statistical Software,

Los Angeles, California, USA) with 2 x n tables and x>-test
was used to compare prevalence data between individual

counties and among age categories. Differences in propor-
tions were considered as significant when p < 0.05.

3. Results
3.1. Tick-borne encephalitis virus

Of the 260 cattle sera tested, 69 (i.e., 26.5%) were
positive for TBEV in both ELISA and PRNuTgo: 29/105
(27.6%) in Nograd county, 22/70 (31.4%) in Heves county,
and 18/85 (21.2%) in Borsod-Abaiij-Zemplén county
(Table 1). The difference in seroprevalence rate among
counties was not significant (x?=2.175; p=0.337).
Nevertheless, all positive bovine samples of Borsod-
Abatj-Zemplén county were collected in one place
(Domahaza), where 69.2% of cattle were positive. No

Table 1

Antibodies against tick-borne encephalitis virus in cattle sera in northern Hungary.

County locality Age (months) Total

<36 37-60 61-96 97-212

Nograd
(1) Di6sjené 1/9° 1/1 2/10
(2) Nogradsipek 0/7 1/3 1/10
(3) Nogradszakal 1/2 0/1 0/3 1/4 2/10
(4) Samsonhaza 0/5 0/2 1/3 1/10
(5) Piliny 0/1 5/5 4/4 9/10
(6) Zsunypuszta 2/2 0/3 1/5 3/10
(7) Felsétold 11 9/9 10/10
(8) Kisbarkany 0/3 0/1 0/1 0/5
(9) Ludanyhalaszi 0/10 0/10
(10) Patak 0/1 0/7 0/2 0/10
(11) Kazar 0/6 1/3 0/1 1/10

Total 1/25 11/41 14/25 3/14 29/105 (27.6%)

Heves
(12) Pétervasara 0/10 0/10
(13) Tarnalelesz 2/3 2/3
(14) Istenmezeje 0/2 0/2
(15) Matraderecske 1/4 1/6 2/10
(16) Recsk 0/1 2/5 3/4 5/10
(17) Egerszolat 0/2 2/6 1/2 3/10
(18) Kisfiizes 1/5 0/2 0/3 1/10
(19) Ivad 0/2 2/4 2/3 0/1 4/10
(20) Fedémes 1/1 4/4 5/5

Total 1/19 5/13 7/21 9/17 2270 (31.4%)

Borsod-Abaiij-Zemplén
(21) Domahaza 6/6 2/4 10/16 18/26
(22) Alsotelkes 0/1 0/9 0/2 0/12
(23) Sajolaszlofalva 0/1 0/4 0/5 0/10
(24) Aggtelek 0/2 0/1 0/2 0/5
(25) Trizs 0/2 0/2 0/4
(26) Szendré 0/2 0/1 0/4 0/7
(27) Abod 0/2 0/2
(28) Galvacs 0/1 0/1 0/1 0/3
(29) Perkupa 0/2 0/2
(30) Josvafé 0/1 0/1
(31) Szogliget 0/1 0/1 0/2
(32) Szinpetri 0/2 0/2 0/4 0/3 0/11

Total 0/4 6/17 2/30 10/34 18/85

Total, northern Hungary 2/48 (4.2%) 22/71 (31.0%)

(21.2%)

23/76 (30.3%) 22/65 (33.8%) 69/260 (26.5%)

Bold values indicate seropositive animals.
2 No. positive/no.examined.
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seropositivity was detected in the eastern part of the
evaluated region (Fig. 1).

Distribution of positive cattle sera was also analyzed
according to the age groups. The animals up to 36 months
(3 years) old (A: young cattle) had significantly lower
seroprevalence rate than those of the older age groups (B:
37-60; C: 61-96; D: 97-212-month-old age group) (A vs.
B: p=0.0003; A vs. C: p=0.0004; A vs. D: p=0.0001). No
significant difference was found among the three older age
categories (B vs. C: p=0.924; B vs. D: p=0.722; C vs. D:
p = 0.649). Within particular counties, the seroprevalence
in age categories was 4.0% (young cattle group), 26.8% (age
group B), 56.0% (age group C), and 21.4% (age group D) in
Nograd county. In Heves county, seroprevalence against
TBEV increased from 5.3% in the youngest cattle age group
to 52.9% in the age group D. Seroprevalence in the whole
Borsod-Abatj-Zemplén county decreased from 35.3% in
the age group B to 6.7% in the group C, and then increased
to 29.4% (group D). All results are summarized in Table 1.

Of the 100 sheep samples, 7 were positive in both ELISA
and PRNTq. All the seropositive sheep were at least 3
years old. There was no significant difference in TBEV
seroprevalence between sheep age groups corresponding
to those of cattle (A: 5.3%, B: 5.7%, C: 12.5%, and D: 10%). No
seropositive horses were detected.

3.2. Bhanja virus

All serum samples (260 cattle, 100 Merino sheep and 40
Hutzul horses) examined in PRNWT against BHAV were
negative.

4. Discussion
4.1. Tick-borne encephalitis virus

This is the first report on the seroprevalence of TBEV in
domestic animals of northeast Hungary. The selection
criteria of the study area were based on natural foci of TBE
that have been described previously, taking into account
the incidence of human cases (Molnar, 1982; Ferenczi
et al., 2005; Racz et al., 2006). In particular, for TBE risk-
assessment a good correlation was demonstrated between
the incidence of disease and the level of forestation (Racz
et al., 2006). In this way the region evaluated in the present
study (northeast Hungary) was estimated to have a similar
rate of exposure as the area (southwest Hungary)
recognized with the highest risk of TBE. Furthermore,
although the overall number of diagnosed human TBE
cases in Hungary significantly decreased between 1991
and 2000, this could largely be attributed to a tendency of
decline in the southern part of the country, whereas the
incidence remained relatively constant in the northern
region (Ferenczi et al., 2005).

At the same time, seropositivity of cattle or sheep to
TBEV has only been evaluated in regions other than
northeast Hungary (Molnar, 1982), and no similar data
have been available on horses. Interestingly, the propor-
tion of cattle showing seropositivity was lowest in the
western part of the country (3-15.7%). However, the
incidence of antibodies to TBEV in samples of cows (38.8%)

from the southeastern region, and of sheep (19%) in
northwestern Hungary (Molnar, 1982) exceeded the
prevalence rates in northeast Hungary reported in the
present study (i.e., 26.5% in cattle and 7% in sheep).

In neighbouring southeastern Slovakia, several sero-
surveys for TBEV were carried out among local domestic
animals including sheep and cattle. For instance, Hubalek
et al. (1985, 1986) found haemagglutination-inhibiting
and neutralizing (PRNT) antibodies to TBEV in 8-25% of
sheep, 44-54% of goats, and 2-14% of cattle sampled
during 1982 and 1983.

As a plausible explanation for the high overall seropre-
valence reported here for TBEV in cattle, all sampled animals
were beef producers kept extensively, which usually implies
a high level of repeated tick infestation (S. Hornok, personal
observation). Thus the chances for TBEV transmission also
become greater with the advance of age, as indicated by
higher rates of seropositivity in older animals of the present
study. Exposure to infected ticks is still regarded as the
major risk factor in contracting TBEV, despite the fact that
raw milk consumption has been implicated in human TBE
epidemiology in several European countries (GreSikova,
1958b; Rieger et al., 1998). Potential of cow-to-calf natural
transmission of TBEV should also deserve attention and
evaluation, especially if the calving period coincides with
the highest spring activity of ticks.

TBEV seroprevalence among sheep at Domahaza was
approximately only one-tenth of that detected in local
cattle. This suggests that although the age distribution, the
annual period spent on pastures and the extent of grazed
area was similar for herds and flocks in the relevant region,
there still may have been differences in the rate of tick
exposure between cattle and sheep. This could be, in part,
attributed to their unique grazing habit or feeding
preference, influencing contact with ticks which quest at
certain heights on the vegetation. Cattle and sheep are also
known to have variable predisposition for tick attachment,
depending on body surface and predilection sites (Ogore
et al., 1999).

Since ixodid ticks were found on horses during the
present study (data not shown), their TBEV seronegativity
cannot be explained by the lack of vector availability. On
the other hand, horse samples were obtained in an area
(Josvafé) where cattle were also found seronegative. This
result indicates that the eastern part of the evaluated
region of northern Hungary appears to be non-endemic.

4.2. Bhanja virus

The seronegativity of grazed domestic animals (sheep,
cattle, horse) for BHAV in northern Hungary has been
surprising in that antibodies neutralizing this bunyavirus
were detected some 30 years ago in the neighbouring
Slovak territory in 63% of 19 examined goats as well as in
7% of 28 sheep (Bardos et al., 1977), later in 27% of 120
sheep (Hubalek and Juficova, 1984; Hubalek et al., 1985,
1986) and then the virus was also isolated from D.
marginatus ticks (Hubalek et al., 1988) in the Slovak Karst
at Kecovo area, ecologically identical to, and the continua-
tion of, the Hungarian Aggtelek Karst at Josvafd. It is
possible that either the BHAV activity decreased in this
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region, or the domestic animals tested in Hungary did not
have effective contact with the main European tick vector
of this virus, H. punctata (Hubalek et al., 1985). Disap-
pearance of H. punctata from formerly inhabited places of
the three evaluated counties was recently reported
(Hornok and Farkas, in press). In conclusion, an updated
evaluation of the occurrence of BHAV in other endemic
parts of eastern Europe is strongly encouraged.
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ABSTRACT. A total of 151 bacterial isolates were recovered from different developmental stages (larvae,
nymphs and adults) of field-collected ticks (67 strains from Ixodes ricinus, 38 from Dermacentor reticulatus,
46 from Haemaphysalis concinna). Microorganisms were identified by means of 16S rRNA gene sequen-
cing. Almost 87 % of the strains belonged to G* bacteria with predominantly occurring genera Bacillus and
Paenibacillus. Other G strains included Arthrobacter, Corynebacterium, Frigoribacterium, Kocuria, Micro-
bacterium, Micrococcus, Plantibacter, Rhodococcus, Rothia, and Staphylococcus. G~ strains occurred less
frequently, comprising genera Advenella, Pseudomonas, Rahnella, Stenotrophomonas, and Xanthomonas.
Several strains of medical importance were found, namely Advenella incenata, Corynebacterium aurimuco-
sum, Microbacterium oxydans, M. schleiferi, Staphylococcus spp., and Stenotrophomonas maltophilia. Data
on cultivable microbial diversity in Eurasian tick species D. reticulatus and H. concinna are given, along
with the extension of present knowledge concerning bacterial flora of 1. ricinus.

Abbreviations

D.r.  Dermacentor reticulatus H.c. Haemaphysalis concinna Lr.  Ixodes ricinus

Ixodid and argasid ticks play an important role in transmission of a variety of zoonoses of viral,
bacterial and protozoan origin (Beati 1996). The common tick, /.r., the most prevalent tick species inhabiting
the temperate zone of Europe, has been intensively studied because of its role in transmission of a wide
range of human (Flavivirus of tick-borne encephalitis and Orbivirus Tribe¢, Borrelia burgdorferi sensu lato,
Anaplasma phagocytophilum, Coxiella burnetii, Rickettsia helvetica, Francisella tularensis, Babesia mi-
croti) as well as animal (Babesia divergens and B. ovis) pathogens. Another tick species D.r. is involved in
transmision of F. tularensis, C. burnetii, B. canis, and the H.c. tick could transmit Flavivirus of tick-borne
encephalitis in European conditions (Hubalek and Rudolf 2007; Hulinska et al. 2007).

On the other hand, ixodid ticks harbor a wealth of microorganisms which have not been intensively
studied so far. Only three relevant scientific publications describing cultivable tick bacterial flora have been
published. Two of them outline briefly bacterial diversity in the American tick Ixodes scapularis and Austra-
lian ticks (1. holocyclus, Boophilus decoloratus, Amblyomma triguttatum, Haemaphysalis longicornis and
Aponomma fimbriatum) (Martin and Schmidtmann 1998; Murrel et al. 2003). Stojek and Dutkiewicz (2004)
demonstrated isolation and identification of several bacteria occurring in the European tick /.r. Unfortuna-
tely, none of these papers covers a wider microbial range and therefore gives only limited information.
Moreover, there is an absence of data on microorganisms associated with other European tick species (e.g.,
D.r. and H.c.). Several papers reported endosymbionts associated with ixodid ticks (Niebylski et al. 1997;
Noda et al. 1997; Benson et al. 2004; Scoles 2004). Ticks also serve as hosts of obligatory intracellular bac-
teria belonging to the genera Rickettsia, Ehrlichia, Anaplasma, Bartonella, etc. (Hercik et al. 2007). Certain

*Address for correspondence: Medical Zoology Laboratory, Institute of Vertebrate Biology, v.v.i., Academy of Sciences of the Czech
Republic, 691 42 Valtice, Czech Republic.



420 1. RUDOLF etal. Vol. 54

members of mentioned genera are symbionts, usually localized in the Malpighian tubules and/or ovaries and
mostly non-cultivable; for that reason they were not included in this paper.

Our aim was to describe cultivable microflora from three species of medically important ticks (Z.7.,
D.r., H.c.) by means of partial 16S rRNA gene-based sequencing.

MATERIALS AND METHODS

Localities and collection of ticks. Valtice area (48°41'28.62"N; 16°50'48.99"E; 198 m a.s.l.) is situ-
ated in the surroundings of Bfeclav (South Moravia, Czech Republic) close to a hunting lodge Rendezvous
(for details see Hubalek ef al. 2003). In addition to . ticks, H.c. and D.r. co-occur occasionally.

Obora Soutok near Lanzhot (48°38'31.93"N; 16°57'57.70"E; 151 m a.s.l.) is distinguished by typi-
cal flood-plain forest ecosystem and is located close to Austrian and Slovak national borders. Plant as well
as animal species diversity is strongly influenced by periodic flooding (Hubalek ef al. 1998). Ixodid tick
community is composed of 1.7., D.r. and less frequent H.c.

Havraniky (48°49'6.63"N; 15°59'49.04"E; 330 m a.s.l.) belongs to unique European heath ecosys-
tem characterized by thermophilic steppe flora and fauna. H.c. is the dominating tick species occurring in the
habitat during June.

Tick collection, bacterial cultures and their maintenance (surface sterilization and homogenization of
ticks, establishment of pure cultures and their long-term storage). Unfed ticks (larvae, nymphs and adults in
Lr.; nymphs and adults in D.r. and H.c.) were collected by flagging low vegetation during seasons 2006 and
2007 (spring and autumn intervals). All tick specimens were sorted according to their species and stage and
then stored alive and separately in sterile tubes at 4-6 °C. Ticks were carefully surface-sterilized under
stringent conditions in a biohazard cabinet: they were first submerged in 3 % H,O, followed by 70 % EtOH
(the full effect of surface sterilization has been verified by fingerprinting of appropriately treated tick bodies
directly on agar plates). Representative collection encompassed 42 specimens of Z7. (5 larvae, 10 nymphs,
14 males, 13 females), 19 of D.r. (1 nymph, 8 males, 10 females) and 25 of H.c. (10 nymphs, 5 males, 10 fe-
males).

Air-dried ticks were homogenized in sterile glass microblenders and appropriate dilutions of the
whole-body homogenates were plated on different kinds of bacteriological media (Oxoid, UK): tryptone-soya
agar for culturing common non-fastidious bacteria, brain—heart infusion agar and Columbia agar for recover-
ing of fastidious and potentially pathogenic bacteria, kanamycin—aesculin azide agar for isolation of entero-
cocci, and Lowenstein—Jensen agar for mycobacteria. The plates were incubated at 28 and 37 °C in parallel
for =1 week (for mycobacteria, the incubation was prolonged for up to 1 month). Pure cultures were prepa-
red by cross-streaks on particular media. The analyzed strains were maintained on glass beads at —70 °C (Jo-
nes et al. 1991) and isolated strains were then subcultured on brain—heart infusion agar for further analyses.

Phenotypic characterization. The morphological characteristics of isolates were determined using
visual investigation of bacterial colonies on plates along with microscopic examination (Gram staining). Bio-
chemical tests (cytochrome oxidase and catalase production, presence of hemolysis, conventional biochemi-
cal tests) were carried out.

Genomic DNA extraction and PCR amplification of partial 16S rRNA gene. The total genomic
DNA from pure bacterial strains was extracted with QIAamp DNA Mini Kit (Qiagen, Hilden, Germany)
according to manufacturer's instructions. PCR amplification of partial 16S rRNA gene was performed with
unique primers

Divg4s 5-CTT AGT ATA AGC TTT TAT ACA GC-3" and
Divizp2 5-ATA GGT CAG AAA CTT GAA TGA TAC A-3,

which were designed and specifically optimized. They were generated to amplify =800 bp specific regions
of 16S rRNA gene of bacteria. The reaction tube contained 200 mmol/L mixture of dNTPs, 75 mmol/L Tris-
HCI (pH 8.8), 20 mmol/L (NH4),SOy4, 2.5 mmol/L MgCl,, 10 ppm Tween 20, 2.5 U Taq purple DNA poly-
merase (Top-Bio, Czech Republic) and 25 pmol of each primer. The PCR reaction was performed in PTC-200
Gradient Thermal Cycler (MJ Research, USA) under these conditions: denaturation (1 min, 94 °C), anneal-
ing (30 s, 64 °C), and extension (2 min, 72 °C) consisting of 40 cycles. The products were then separated on
2 % agarose gel, stained with ethidium bromide and visualized by UV light. DNA extraction, PCR handling
as well as post-PCR procedures were done in separate rooms to avoid possible cross-contamination. Specific
products were further characterized by sequence analysis.

Sequence analysis of PCR products. The products were purified by means of precipitation with
26 % polyethylene glycol-6.5 mmol/L. MgCl,-6H,0-0.6 mol/L NaOAc-3H,0 mixture. Direct sequencing of
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purified products was performed with the BigDye™ Terminator Cycle Sequencing Ready Reaction Kit
ver. 1.1 (Applied Biosystems, USA) according to the manufacturer’s instructions, and purified with EtOH-
EDTA precipitation. The sequencing was performed on an ABI Prism 310 Genetic Analyzer (dpplied
Biosystems). PCR amplicons were multiply sequenced from both directions to ensure high quality reads.
The DNA sequences were edited and aligned using the Seqman module within Lasergene v. 6.0 (DNASTAR
Inc., USA) and also checked manually. The FASTA format and BLAST program (http://www.ncbi.
nlm.nih.gov/blast) of the National Center for Biotechnology Information (Bethesda, MD, USA) were
used for database searches. Unique sequences have been deposited in Genbank database under acces. no.
FJ662445-FJ662476 for Lr. isolates, F1662419-FJ662433 for D.r. ones and FJ662434-FJ662444 for H.c.
ones.

RESULTS

Thirty-one isolation experiments were performed to describe cultivable bacterial microflora from
three species of medically important ticks. A total of 151 bacterial isolates (67 strains from Zr., 38 from D.r.,
46 from H.c.) were recovered from different developmental stages of field-collected ticks.

The yield of bacteria isolation attempts was quite low. Only 2-3 colonies were picked up from indi-
vidual agar plates. The most fruitful media appeared to be Columbia agar (86 isolates) and brain—heart infu-
sion agar (35), followed by tryptone-soya agar (24) and MacConkey agar (6). No strains were retrieved on
kanamycin—aesculin azide agar and Lowenstein—Jensen agar.

G* bacteria represented ~87 % of cultivable tick microflora (79 % in Lr., 94 % in D.r., 91 % in
H.c.). In total, 67 strains from Lr. were sequenced (Table I). The most prevalent strains belonged to the
genera Bacillus (22 strains) and Paenibacillus (19). Remaining G* strains inhabiting Lr. ticks belonged to
the genera Arthrobacter, Corynebacterium, Dietzia, Microbacterium and Rhodococcus. G~ bacteria occurred
less frequently, comprising genera Advenella, Pseudomonas, Stenotrophomonas and Xanthomonas. Only one
strain (IR29 — ‘Bacillus bhargavae’) was isolated from larvae. Bacteria Bacillus pumilus (strains IR3, IR33,
IR60) have been found in females and males of Lr. ticks. Other isolates assigned to the genera Bacillus
(strains IR39, IR42, IR44, IR46, IR52) occurred in nymphs and adults as well as members of the Paenibacil-
lus group (strains IR1, IR4-IR6, IR9, IR10, IR17, IR24, IR30, IR48, IR63, IR65). Four strains (IR58, IR64,
IR66, IR67) failed in determination of partial gene sequence (probably due to mutation in primer sequence).

In D.r., 38 strains were sequenced (Table II). The most prevalent belonged to the genus Bacillus
(7 strains) and Paenibacillus (23). Other G* strains involved genera Kocuria, Rothia and Staphylococcus.
G~ bacteria consisted only of the genus Pseudomonas. Only one strain (DR31 — P. amylolyticus) was re-
covered from nymphal tick. Bacteria Paenibacillus spp. were isolated from nymphs (strains DR31-DR33),
males (DR14, DR15, DR18-DR20, DR22, DR34, DR35), and females (DR3, DR12, DR26, DR38). Only one
strain (DR41) failed in the determination of partial gene sequence (probably due to mutation in primer se-
quence).

In H.c., 46 strains were sequenced (Table III). The most prevalent belonged to the genera Bacillus
(14 strains) and Paenibacillus (12). Other G* strains inhabiting H.c. ticks belonged to the genera Frigori-
bacterium, Microbacterium, Plantibacter, Rhodococcus and Staphylococcus. G~ bacteria occurred less fre-
quently and involved only genera Pseudomonas and Rahnella. Bacteria Paenibacillus spp. were found in
nymphs (HC25, HC42, HC43), males (HC1) and females (HC11, HC14, HC16, HC28, HC38, HC39) of H.c.
ticks, while B. simplex occurred in females (HC27, HC29) and males (HC32), and B. pumilus was found
only in nymphs (HC19, HC20, HC40). One strain (HC12) did not provide satisfactory output by direct se-
quencing.

Two bacterial species, B. pumilus (strains IR3, IR33, IR60, DR24, HC19, HC20, HC40) and
P. amylolyticus (IR1, IR4, IRS5, IR9, IR10, DR26, DR31, DR32, DR38, HC38, HC39, HC42) occurred
throughout all species of ticks, suggesting common phylogenetic status. Strains assigned to the genera Rhodo-
coccus and Microbacterium occurred in Lr. and H.c.

DISCUSSION

The bacterial diversity of three species of medically important ticks has been outlined. The 16S rRNA
(rDNA) molecule is widely recognized and used as a conservative macromolecule that allows phylogenetic
placement of bacterial species (O’Neill ef al. 1992). Sequence analysis of the 16S rRNA gene represents
a reliable method for inferring the bacterial taxa (Wang ef al. 1999) and has recently been used to resolve the
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phylogenetic positions of a variety of microorganisms. This method was also used by us with a novel PCR
primer pair which has never been used before for 16S rRNA sequencing in prokaryotes.

Our results correspond very well to similar studies which aimed at describing cultivable microflora
of ixodid ticks. Martin and Schmidtmann (1998) partially determined 73 bacterial isolates recovered from
the tick 1. scapularis collected from vegetation and on vertebrate hosts. Seven Bacillus species were found in
the tick interior, including B. thuringiensis, B. brevis, and B. sphaericus, which are known to affect adver-
sely insects and ticks (Kati ef al. 2007). Similar results revealed investigation of 21 bacterial isolates (18 G™,
3 G7) from adult ticks recovered from deer. The G* strains consisted of 2 Corynebacterium sp., 16 ones being
identified to the genus Bacillus. G~ isolates were Stenotrophomonas maltophilia and Kluyvera ascorbata,
while the others did not have a match in the database. Although no obvious differences were revealed bet-
ween bacteria isolated from male or female ticks, or from the internal vs. the external part of the tick, dif-
ferences in bacterial flora composition between nymphs and adults were evident: 73 % of G~ isolates were
from nymphs.

Murrel et al. (2003) isolated and characterized bacteria from ticks, lice and fleas in Australia. They
screened 5 species of ticks (I. holocyclus, B. decoloratus, A. triguttatum, H. longicornis, A. fimbriatum).
A total of 239 bacterial strains from arthropods were isolated on nutrient agar, blood agar and ISP2 agar and
identified based on their partial 16S rRNA gene sequences. In 1. holocyclus, the species found were, e.g.,
Bacillus cereus, B. thuringienis, B. pumilus, Staphylococcus saprophyticus, S. xylosus, Pantoea stewartii,
S. maltophilia, Pseudomonas putida, Burkholderia cepacia, in Amblyomma triguttatum, e.g., B. lichenifor-
mis, B. cohnii, B. pumilus, in Aponoma fimbriatum, e.g., P. putida, S. maltophilia, and in B. microplus they
were B. cereus, B. thuringiensis, S. saprophyticus, P. putida, S. maltophilia, Enterobacter cloaceae, P. agglo-
merans, Serratia entomophila, S. rubidea, Klebsiella planticola, and many others. Some genera were isola-
ted from almost all of the specimen samples (Stenotrophomonas, Pseudomonas, Bacillus). On the other hand,
some genera were restricted to one type of ectoparasite (e.g., Curtobacterium, Clavibacter, Renibacterium,
Arthrobacter, Leucobacter were only identified among isolates from the Australian ticks).

Schabereiter-Gurtner et al. (2003) evaluated broad-range identification of bacterial communities pre-
sent in ticks by using a molecular approach. Therefore, 16S rDNA genotyping in combination with analysis
of denaturing gradient gel electrophoresis was used for the detailed detection and identification of bacteria
infecting ticks. For phylogenetic identification the obtained sequences were compared with 16S rDNA se-
quence of known bacteria listed in the GenBank database. Phylogenetic analysis revealed a limited variety of
genera (e.g., Staphylococcus, Rhodococcus, Haemobartonella, Moraxella, Pseudomonas, Borrelia). Some of
these bacteria (Staphylococcus, Rhodococcus, Pseudomonas) have been found by us as well. According to
the authors, this method seems to be well suited for the detection and identification of bacteria in ticks,
regardless of whether these bacteria are fastidious, obligate intracellular or non-cultivable. However, this
approach has insufficient taxonomical value because of its inability to reliably differentiate obtained isolates
into the species level.

Stojek and Dutkiewicz (2004) examined 372 Lr. ticks for the presence of internal G~ bacteria other
than B. burgdorferi. The G~ isolates were identified with the API systems 20E and NE microtests. Surpris-
ingly, strains identified as belonging to Pasteurella pneumotropica—haemolytica complex proved to be the
most commonly occurring G~ bacteria in Zr. ticks in Poland. Other G~ taxa were isolated less frequently, viz.
Aeromonas hydrophila, P. agglomerans, P. aeruginosa, S. maltophilia, Burkholderia cepacia, Chromobac-
terium violaceum, S. marcescens, and S. plymuthica. However, this paper has covered only a limited spec-
trum of cultivable microorganisms occurring in ticks. Furthermore, the API system may cause difficulties in
reliable identification of environmental samples in contrast with medically important isolates.

Many of the acquired isolates in our study seem to be genetically similar with bacterial sequences
recovered from various environmental sources (e.g., plants, water, soil) and were submitted to the GenBank
database only recently. There is no evidence that bacteria isolated by us create an integral part of tick inter-
nal autochthonous microflora; some of them might be ingested incidentally during tick feeding on a verte-
brate host or during host seeking on vegetation and in soil litter, and they could survive in tick midgut. Only
several strains with pathogenic potential (Lau et al. 2002; Coenye et al. 2005; Falagas et al. 2008) have been
isolated by us: Advenella incenata (recently described species belonging to the family Alcaligenaceae),
Corynebacterium aurimucosum, Microbacterium oxydans, M. schleiferi, Staphylococcus spp. and Steno-
trophomonas maltophilia. All these microbes are occasionally found in various clinical materials of human
as well as animal origin.

There is lack of detailed information concerning cultivable microflora associated with ixodid ticks
along with possible antagonistic effects between particular members of tick microflora and pathogenic
microorganisms that inhabit ticks. This is also valid for the European common ticks Zr., D.r. and H.c. —
important vectors of a variety of animal and human pathogens. Our work provides for the first time data on
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microbial diversity in Eurasian tick species D.r. and H.c. and supplements data concerning /7. Another
finding that all three tick species share certain common microbes could have impact on phylogenetics of tick
symbionts. Our paper contributes only partially to the incredible bacterial diversity in invertebrate world,
further taxonomic studies being necessary for filling up this existing gap.

This work was financially supported by the Grant Agency of the Academy of Sciences of the Czech Republic (KJB 600930613)
and Ministry of Education, Youth and Sports of the Czech Republic (MSM0021622416).
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Short Communication

Salivary gland extract from engorged Ixodes ricinus
(Acari: Ixodidae) stimulates in vitro growth
of Borrelia burgdorferi sensu lato
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In vitro effect of salivary gland extract from fed Ixodes ricinus, the competent vector of Lyme
borreliosis in Europe, on the growth of Borrelia burgdorferi sensu lato (B. garinii, B. afzelii and
B. burgdorferi sensu stricto) was examined in BSK-H medium. Motility rate, concentration of
motile spirochetes and their morphology were estimated at intervals of 0, 2, 4, 6 and 8 days
using darkfield microscopy. Salivary gland extract derived from I ricinus stimulated markedly
the growth of three genomic species of borreliae. The results confirm a substantial role of

salivary glands in the mechanism of pathogen transmission to vertebrate host.
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introduction

Tick-borne spirochetes including borreliae circulate in a
triangle of parasitic interactions between the spiro-
chete, its tick vector and vertebrate host [1]. Pathogens
share a very intimate relationship with the vectors and
their interaction is crucial for transmission [2]. For
instance, Borrelia burgdorferi sensu lato (s.l.), the Lyme
borreliosis (LB) agent, must overcome at least two main
barriers in the tick vector body to be effectively trans-
mitted: the midgut and the salivary glands. Pathogens
vectored by arthropods spend a significant part of their
lifes in the alimentary canal and interactions between
these microbes and arthropod gut epithelium are key
elements in determining vector competence. From this
point of view, the tick alimentary system has received
much less attention than that of haematophagous in-
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sects [3]. On the other hand, salivary glands of haema-
tophagous arthropods are intensively studied. It has
been found that saliva of ixodid ticks has various
pharmacological activities, especially it affects the im-
mune system of vertebrate hosts [4] and contributes
substantially to the transmission of pathogens to the
host [5]. .

Much less attention has been given to direct effect of
saliva on the growth of the pathogens. Schwan [6] sug-
gested the presence of chemoattractans in tick salivary
glands. More recently, Shih etal. [7] have shown an
increased chemotactic migration of B. burgdorferi sensu
stricto (s.s.) in U-tubes with salivary gland extract (SGE)
from Ixodes scapularis, the competent vector of LB in
North America. Rudolf and Hubdlek [8] demonstrated
effect of SGE and midgut extract (MGE) from unfed
host-seeking ticks I. ricinus and Dermacentor reticulatus on
the growth of B. garinii in vitro. SGE and MGE from the
competent vector species (I ricinus) stimulated the
growth of spirochetes, whereas the extracts from non-
competent tick species (D. reticulatus) were inhibitory
under conditions of long-term cultivation.
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The purpose of the present study was to examine the
effect of SGE from the fed female I ricinus on the
growth, motility and morphology of B. garinii, B. afzelii
and B. burgdorferi s.s. spirochetes in vitro.

Materials and methods

Bacteria

The spirochetal strains used in the study were: B. garinii
BR14 isolated from I. ricinus at Valtice, Czech Republic,
B. afzelii VS461 isolated from I. ricinus in Valais, Switzer-
land [9] and B. burgdorferi s.s. ZS7 isolated from I. ricinus
in Freiburg, Germany [10]. They were cultivated in BSK-
H medium with 6% rabbit serum (Sigma, USA) at 33 °C.

Salivary gland extract

Adult I ricinus ticks maintained in the colony of the
Institute of Parasitology, Academy of Sciences of the
Czech Republic in Ceské Bud&jovice have been screened
routinely for B. burgdorferi s.1. by PCR with negative
results. The ticks were fed in groups of mating pairs
within retaining cells attached to the backs of guinea
pigs. Engorged female ticks were removed after 5 d of
feeding, their salivary glands were dissected and pool-
ed. After washing in phosphate-buffered saline (PBS),
the salivary glands were homogenised in 1 ml of PBS,
sonicated dnd clarified by centrifugation at 10,000 g for
10 min. The protein concentration of clarified SGE was
determined using an Protein estimation kit (BioRad,
Richmond, USA). Aliquots of the SGE preparation were
stored at -70 °C.

In vitro growth assay

In the experiments, 100 ul of SGE (25 ug of protein/ml)
or PBS (control) were mixed with 100 ul of a 3-d culture
of B. garinii, B. afzelii or B. burgdorferi s.s. (about 10° spi-
rochaetes inoculated) in BSK-H medium in 96-well flat-
bottomed sterile microplates (Sarstedt, Germany), and
covered with a sterile sealing film (Denville Scientific
Inc., USA). The microplates were placed in a 33 °C incu-
bator for 6-8 d. Concéntration of motile spirochetes
(thé*number of motile cells/ml) was determined at in-
tervals of 0, 2, 4, 6 and 8 d using darkfield microscopy:
(i) estimation of motility (in per cent) was determined
in 3 wells per variant, when 100 randomly selected
spirochaetes per well were examined for motility; (ii)
concentration of all (motile plus non-motile) spirochetes
was evaluated in 10 pl volumes of appropriately diluted
cultures on a microscope slide with a 20 x 20 mm co-
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verslip [11] - for each variant, 3 wells with 5 counts
(total, 15 replicates) were used.

Statistical analysis

The data were analyzed with the two sample t-test us-
ing SOLO (BMDP Statistical Software, USA). Significant
differences in the concentration of motile spirochaetes
were estimated at P < 0.001.

Results and discussion

The effect of SGE from the fed I. ricinus females on the
growth of B. burgdorferi s.1. is summarized in Fig. 1 (A~
C).

Effect of SGE on concentration of motile spirochetes
was shown to be slightly different in the three genomic
species of B. burgdorferi s.1. tested. SGE stimulated the
growth of the strain BR14 markedly on day 2 (t = 9.25;
P < 0.001), stimulatory effect was also observed on day 4
{t = 858, P<0.001), 6 (t = 7.25; P<0.001) and 8
{t=10.15; P <0.001) (Fig. 1A). On the other hand, in
VS461 and ZS7 strains a significant increase in the con-
centration of motile spirochetes with SGE was only
detected on day 4 (t = 13.57 in VS461, t = 13.21 in ZS7;
P <0.001) (Fig. 1B and Fig. 1C). The total number of
spirochetes has increased about 21 times in B. garinii, 19
times in B. afzelii and 5 times in B. burgdorferi s.s.,
whereas the number of spirochetes in the control in-
creased less apparently: about 11 times in B. garinii, 13
times in B. afzelii and 3 times in B. burgdorferi s.s.

In addition, spirochetes grown in the presence of SGE
seemed to be morphologically typical, displaying con-
trast margins, regular coils and motility, while a num-
ber of partially damaged cells were found after long-
term cultivation in the control.

The objective of this study was to investigate the
effect of SGE from the competent vector of LB (I. ricinus)
on the growth of selected B. burgdorferi s.l. genomic
species in vitro. Borreliae are mainly located in apical
surface of the tick gut epithelium while they are found
rarely in the salivary glands after repletion and
through the molting period. However, during feeding
the spirochetes are able to penetrate gut epithelium
and pass through the haemocoel to the salivary glands
[12}. This process is associated with differential expres-
sion of several genes in spirochaetes. Specifically,
downregulation of protein OspA gene and upregulation
of OspC gene is needed for efficient migration of spiro-
chetes from the midgut to the salivary glands [13].
Several borrelial genes required for tick colonization or
transmission have been identified recently [14]. These
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Figure 1. Concentration of motile spirochetes B. garinii BR14 in BSK-H medium with salivary gland extract (SGE) from fed /. ricinus female,
compared to control; (B) Concentration of motile spirochetes B. afzelii VS461 in BSK-H medium with salivary gland extract (SGE) from fed
1. ricinus female, compared to control; (C) Concentration of motile spirochetes B. burgdorferi s.s. ZS7 in BSK-H medium with salivary gland
extract (SGE) from fed /. ricinus female, compared to control.
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genes required for transmission are induced by a path-
way controlled by the alternate sigma factors RpoN
{sigma 54) and RpoS. A protein in the gut of L scapularis
ticks that functions as a receptor for B. burgdorferi has
been also determined in that study.

Although the promotion of tick-borne pathogen
transmission vig the action of tick saliva components
on the host (termed saliva-activated transmission, SAT),
has been demonstrated [15], identity of the SAT factor
is not known. The SAT phenomenon has been demon-
strated for several tick borne pathogens including
Thogoto virus [16], tick-borne encephalitis virus [17], B.
afzelii {18), B. burgdorferi sensu stricto and B. lusitaniae
[19], and Francisella tularensis [20]. The SAT factor candi-
dates are frequently referred to be immunosuppressive
and anti-inflammatory molecules {21-23], e.g. data on
the impact of tick SGE on the inflammation induced by
tick-transmitted pathogen were documented by Severi-
nova et al. [24].

L ricinus tick saliva-activgted transmission of B. burg-
dorferi was also studied on the C3H/HeN mouse model
[25]. Results have shown early effect of tick saliva on
the proliferation and distribution of Borrelia spirochetes
in the host, probably due to the effect of saliva on the
host innate immunity mechanisms. In another study
[26]. SAT phenomenon of B. burgdorferi sensu stricto
was demonstrated using real-time PCR and SGE from
partially fed I. ricinus ticks (C3H/HeN mice were injected
intradermdlly with spirochetes mixed with SGE). The
accelerating effect of SGE on spirochete proliferation
was demonstrated on day 1 post infection, when a 4.2-
fold increase in spirochetes was found in the skin and a
10-fold increase in the blood, compared with control
mice. The data represent the first direct evidence of a
SAT effect of L ricinus SGE on infection with the Lyme
disease agent B. burgdorferi.

Rudolf and Hubdlek [8] found a stimulatory effect of
SGE from unfed I. ricinus on the growth of B. garinii. The
present study confirmed that phenomenon in fed fe-
males of I ricinus as well. It is interesting that the in-
crease in the number of spirochaetes caused by SGE
from fed I ricinus ticks was higher than that caused by
SGE from unfed ticks with approximately the same
bacterial inoculum and protein concentration [8]. Cer-
tain compounds present in the salivary glands probably
attract migration of spirochetes from the midgut to the
salivary glands during tick feeding [6]. Other molecules
apparently create favourable milieu for the growth and
transmission of spirochaetes that reached the salivary
glands. These molecules seem to be present throughout
the unfed and fed stages of the ixodid tick {8]. Further
research focusing on ixodid tick-pathogen interface
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could clarify the role of tick saliva molecules in the
transmission of B. burgdorferi and other pathogenic
microorganisms vectored by haematophagous arthro-
pods.

Conclusions

In summary, many molecules are being involved in
succesfull pathogen transmission from the haemato-
phagous vector to vertebrate host. This study has dem-
onstrated stimulatory effect of SGE on borrelial growth
in vitro and thus indirectly supported idea about sub-
stantial role of salivary glands in pathogen transmis-
sion. SGE from engorged tick I ricinus has stimulated
markedly the growth of three proven pathogenic ge-
nomospecies: B. garinii, B. afzelil and B. burgdorferi sensu
stricto. This is only a preliminary step that might be
essential for further identification of SAT compound in
tick salivary glands.
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Abstract

From March to November 2010, a total of 68 samples of blood from 41 hunting and working
dogs that never left the Czech Republic were examined. Some dogs were sampled repeatedly.
Blood samples were examined by polymerase chain reaction for the presence of DNA of
piroplasms with negative results. Specific IgG antibodies against Babesia canis were detected
by indirect immunofiuorescence test, and five dogs (12.21%) were seropositive. Titres ranged
from 50 to 200. One dog was positive in two samplings within 3 months. The highest number
of positive samples was taken in June. The results of this study suggest a likely contact of the
examined dogs with the parasite; although in 2005, a total of 340 adult unfed Dermacentor
reticulatus ticks in 34 pools screened by PCR for babesiae were negative.

Dogs, Babesia canis, antibodies, Dermacentor reticulatus

Canine babesiosis, one of the most important emerging tick-borne diseases of dogs
with worldwide distribution, is transmitted by intra-erythrocytic protozoan of the genus
Babesia. Traditionally, identification of species is based on morphology and host specificity.
According to these criteria, canine piroplasms are divided into two distinct species, the large
(45 um) Babesia canis and the small (2.5 um) Babesia gibsoni. Based on the differences
in geographical distribution, vector specificity, antigenic properties, pathogenicity and
ss-ribosomal RNA gene three subspecies of B. canis are distinguished, namely B. canis
canis transmitted by Dermacentor reticulatus in Europe, B. canis vogeli transmitted by
Rhipicephalus sanguineus in tropical and subtropical regions, and highly pathogenic
B. canis rossi transmissible by Haemaphysalis leachi in South Africa (Uilenberg 2006).
B. canis canis is the most importcant agent of babesiosis in Europe.

The incidence of Dermacentor reticulatus in the Czech Republic is limited to the basins
of the Morava and Dyje rivers in the Bfeclav and Hodonin regions and along the border
with Slovakia (Kubelova and Siroky 2010) (Fig. 1). The activity of adults has two peaks,
with the first being in the spring from early March (however, ticks can be observed as
carly as late February, depending on weather conditions — adults are sometimes found
even on snow) to mid April. The second peak of adults’ activity starts in September. This
tick species inhabits mainly lowland biotopes, waterlogged broadleaved forests, meadows,
inundated areas of rivers and fringes of forests. Incidence of Dermacentor reticulatus is
irregular and insular. In Central Europe, autochthonous canine babesiosis due to B. canis
was recorded in several countries. Surprisingly, no autochthonous case of canine babesiosis
was reported so far in the Czech Republic, although babesiosis is present in all the countries
surrounding the Czech Republic and the competent vector of the disease frequently occurs
(Svobodova and Svobodova 2004). In Slovakia, first cases of autochthonous babesiosis

Address for correspondence:

Jarmila Konvalinova

Clinic of Dog and Cat Diseases, Faculty of Veterinary Medicine Phone: +420 541 562 375
University of Veterinary and Pharmaceutical Sciences Brno E-mail: konvalinovaj@vfu.cz
Palackého tf. 1/3, 612 42 Brno, Czech Republic http://actavet.vfu.cz/



92

started to emerge in 1997; the first case of babesiosis in dog was documented in 2000
(Chandoga et al. 2002). The incidence of babesiosis nearest to the Czech Republic was
observed in the neighborhood of Malacky, Slovakia. So far, only imported babesiosis has
been observed in the Czech Republic — the first imported infection was described in 1992
(Kucera 1992).

Dynamics of the spreading of canine babesiosis in Europe markedly changed in the last
few years. This is largely connected with the expanding area of D. reticulatus distribution.
In fact, the expansion of the vector’s area and the increasing number of clinical cases
of babesiosis has been observed also in all adjacent countries. Babesiosis has spread to
Germany, Austria, Hungary and Poland as well as Switzerland (F6ldvari and Farkas
2005; Sréter et al. 2005; Duh et al. 2006; Zygner and Wedrychowicz 2006; Zygner
et al. 2008; Hornok and Farkas 2009).

Babesiosis is a serious dog disease. Typical symptoms of acute babesiosis include apathy,
anorexia, fever and general weakness. The disease leads to haemolytic anaemia along
with thrombocytopaenia, lymphadenopathy and splenomegaly. Jaundice and haematuria
can occur as well. Clinical signs are often very variable and the disease can have mild
to peracute course that results in death within 2 days. Incubation period of B. canis is 10
to 21 days (Boozer and Macintire 2003). The infection induces an antibody reaction
which is usually not strong enough to eliminate all babesiae in a host organism. Animals
therefore become chronic carriers of the infection (Vercammen et al. 1997). In most cases,
antibodies occur within 8 to 10 days after the infection. Puppies under 2 months of age can
have colostral antibodies. Poor immune reaction is typical for puppies under 8 months
of age. Antibody levels start to decrease 5 to 8 months after the animal went through the
infection. Protection of dogs that underwent the disease against reinfection with the same
Babesia species lasts 5 to 8 months on average. Antibodies acquired after the infection
with one Babesia species do not protect against the infection with other species (Boozer
and Macintire 2003; Uilenberg 2006). In certain studies, parasitaemia was detected
in up to 36% of serologically negative dogs (Taboada 1998). Animals that recover from
the infection and live in endemic localities acquire the so-called pre-immunity, i.e. non-
sterile immunity. This means that the parasite survives in the host organism and eliminates
reinfections. To the best of the authors’ knowledge, no comprehensive study on B. canis
canis and its main tick vector D. reticulatus nor systematic survey of dogs from endemic
localities for the presence of antibodies to B. canis was conducted in the Czech Republic.

The aim of our study was to examine a group of dogs living in the region where
emergence of B. canis infection might be expected. The presence of D. reticulatus vector
was confirmed in that locality. Moreover, it is located near to Slovakia where the disease
commonly occurs. Examinations of dogs followed up the pilot study which was carried out
to assess prevalence of B. canis canis in D. reticulatus ticks in the South Moravia region
(Czech Republic), where the vector is widespread and enzootic focus of tularaemia occurs
(Hubalek et al. 1996).

Materials and Methods

From March to November 2010, a total of 41 dogs of 11 breeds (Siberian husky being the most frequent breed)
were examined. The sample included 21 males (one of them castrated) and 19 females, aged 1 to 12 years. The
body weight of these dogs ranged from 6 to 42 kg. All animals came from the Bfeclav district (Bfeclav and
Lanzhot localities) where D. reticulatus occurs. They were hunting and working dogs that never left this territory.
As the dogs often worked in the field, they were more likely to be infested with ticks. All animals were clinically
healthy. Blood samples of some of them were collected repeatedly. Of a total of 41 dogs, blood samples of 21
animals were collected once, 7 dogs were sampled twice and 13 animals thrice. A total of 68 blood samples were
collected. Samples were taken at monthly intervals at the least. Blood was sampled in March, April, June and
November.

Blood samples were taken from v. cephalica antebrachii. Samples of full blood (inserted in EDTA) and
blood serum were obtained from each dog. Full blood samples were examined by PCR method. DNA was
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extracted from the samples using the commercial kit QIAGEN NucleoSpin Blood (Machery-Nagel, Germany)
as prescribed by the manufacturer. To amplify the diagnostic fragment of the 91 piroplasmid SSU rRNA gene,
we designed the forward primer TB-F (5'-CTTCAGCACCTTGAGAGAAAT-3") and the reverse primer TB-R
(5'-TCDATCCCCRWCACGATGCRBAC-3"). Amplification condition were: 5 min at 94 °C, 39 cycles each
of 94 °C for 45 s, 62 °C for 30 s, and 72 °C for 45 s, with the addition of a final extension period of 10
min at 72 °C. DNA isolated from the dog with confirmed imported B. canis infection (it was a patient at our
clinic) was used as a positive control. Specific IgG antibodies against Babesia canis were detected by indirect
immunofluorescence using the commercial Babesia canis IFA IgG Antibody Kit (Fuller Laboratories Fullerton,
California, USA). The kit manufacturer states that titres 50 and more suggest recent or current infection. Host-
seeking adult D. reticulatus were collected by flagging low vegetation during April 2005. All tick specimens
were frozen at -60 °C until examination. Immediately before DNA isolation, ticks were surface sterilized with
70% ethanol (PCR quality), then pooled (10 ticks per pool) and mechanically disrupted using a sterile glass
microblender. The total genomic DNA was extracted with QIAamp DNA Tissue Kit (Qiagen, Hilden, Germany)
according to manufacturer’s instructions. Molecular detection of B. canis was performed as described previously
(Jefferies etal. 2003) including primers PIRO-A1 (5'- AGGGAGCCTGAGAGACGGCTACC - 3") and PIRO-B
(5'- TTAAATACGAATGCCCCCAAC - 3") which amplify an approximately 450 bp long conservative region of
the 18S rRNA gene of babesiae.

Results

A total of 68 blood samples taken from 41 dogs were examined by PCR. No sample
contained DNA of B. canis. Specific antibodies were detected in 5 dogs (12.2%). Serological
examination based on indirect immunofluorescence detected 6 positive serum samples.
Titres ranged from 50 to 200. One dog was positive in two samplings within 3 months.
The highest number of positive samples was taken in June. The results are demonstrated in
Table 1. A total of 340 adult D. reticulatus ticks (210 females and 130 males) in 34 pools
were screened for babesiae. Specific PCR products of babesial DNA were not detected in
any of the examined pools.

Table 1. Titres of specific antibodies against Babesia canis in positive dogs (IFA)

Blood examination and titre of specific antibodies

Breed Sex Age (years

ge (years) March April June
Dachshund Male 3 50 NT 50
Jagdterrier Female 11 Negative 100 NT
German
Shepherd Male 5 Negative Negative 50
Dachshund Male 8 Negative NT 50
Siberian Husky Male 8 NT NT 200
NT- not tested

Discussion

Canine piroplasms are increasingly more frequently brought to the north (Gothe and
Schmid 1995; Losson et al. 1999). The geographical distribution of the causative agent
and thus the occurrence of babesiosis are largely dependent on the distribution of the
competent vector and susceptible host, therefore being regarded as endemic for certain
regions (Martinod et al. 1986). We encounter clinical cases of babesiosis increasingly
more often at our clinic. So far, they have been only cases of imported babesiosis, mostly
from Slovakia. One of the risk groups is represented by search and rescue dogs that are
often used to work abroad. Autochthonous infection has not been observed in the Czech
Republic yet.

Examination performed in April 2005 did not detect B. canis in D. reticulatus ticks
picked up in the localities where they occur. In 2010, we examined a group of dogs coming
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from the locality with incidence of D. reticulatus near the border with Slovakia. Those
dogs often worked in the wild, which made them more likely to get into contact with ticks.
None of the examined dogs ever left the Czech Republic. Serological examination proved
that 5 dogs were positive for antibodies against B. canis. In one of these dogs positive titre
was observed repeatedly after 3 months (March and June; titer 50 in both cases). In April,
one positive result (titre 100) was recorded. The highest number (4) of positive results
was observed in June when also the highest titre (200) was recorded. Spring activity of
D. reticulatus spans over March throughout April, having the second peak in late summer.
Antibodies start to be produced 1 to 2 weeks after contact with the infectious agent. All
the examined animals were clinically healthy. Our results indicate a likely contact of the
examined dogs with the parasite. If the infectious dose was low, the infection could induce
only antibody reaction without the outburst of the disease. In such cases, the parasite’s
DNA in the samples could be under the detection limit, or the parasite was eliminated.
Babesiae were not detected in the blood of the examined dogs by PCR. This indicates
that the parasite was either absent in the samples or there was such a low level of its DNA
that it was not possible to detect it by this type of assay. Diagnostics of babesiosis is based
on direct detection of the parasite in blood smear or on using PCR method. Serology is used
rather for seroepidemiologic studies than clinical diagnostics. Certain studies indicate that
up to 36% of dogs with parasitaemia can be serologically negative (Taboada 1998). In
localities with babesiosis, serologically positive dogs should not be used for breeding, even
if parasite was not detected in them. In these animals a low level of parasitaemia under the
detection limit of microscopy or PCR cannot be ruled out. Subclinical infections of this
kind cause problems in breeding kennels and pose a risk in cases of transfusion therapy
(Taboada 1998; Birkenheuer et al. 2003; Boozer and Macintire 2003; Irwin 2005).
As far as incidence of babesiosis is concerned, the Czech Republic has a unique position
nowadays compared to the adjacent countries where the vector’s area is expanding and
babesiosis is spreading out. Long-term incidence of Dermacentor reticulatus in the Czech
Republic was confirmed only in a relatively small area around the Morava and Dyje rivers
in the southeastern part of the country (Fig. 1). Although babesiosis is commonly detected
in Slovakia near the Czech national border, no autochthonous clinical case of babesiosis
has been confirmed in the Czech Republic yet. The examination of 340 ticks in 2005 did
not demonstrate the presence of the parasite’s DNA. In 2010, we detected antibodies

Poland

s

Hungary

Fig. 1. Localities with the incidence of Dermacentor reticulatus — Hodonin, Bfeclav, Lanzhot
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against babesiosis in five dogs (12.2%). Although babesiae were not detected directly by
PCR, the results of our study indicate that the presence of B. canis in the Czech Republic
cannot be excluded. Epidemiological surveillance including distribution of competent
vector, detection of the disease agent, seroprevalence study of dogs, and monitoring of
acute and imported cases are needed to elucidate whether canine babesiosis could become
established in the Czech Republic.
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Tick-borne rickettsiae are an important topic in the field of emerging infectious diseases. In the study, we
screened a total of 1473 field-collected Ixodes ricinus ticks (1294 nymphs, 99 males, and 80 females) for
the presence of human pathogenicrickettsiae (Rickettsia helvetica, R. monacensis, ‘Candidatus Neoehrlichia
mikurensis’, and Anaplasma phagocytophilum) in natural and urban ecosystems using molecular tech-
niques. The minimum infection rate (MIR) for Rickettsia spp. was found to be 2.9% in an urban park and

3.4% in a natural forest ecosystem; for ‘Candidatus Neoehrlichia mikurensis’, we observed MIRs of 0.4%
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in the city park and 4.4% in the natural habitat, while for A. phagocytophilum the MIR was 9.4% and 1.9%,
respectively. Our study provides the first data on the occurrence of human pathogenic rickettsiae in
questing I. ricinus ticks in the Czech Republic.
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Introduction

Ixodid ticks (mainly Ixodes ricinus in Central Europe) present
a significant health risk for humans. For many vertebrate species,
these ticks are vectors of multiple pathogens; the most important
are tick-borne encephalitis virus (TBEV) and Borrelia burgdorferi
sensu lato (Hubalek and Rudolf, 2011). The order Rickettsiales
taxonomically belongs to the a-Proteobacteria class (Dumler
et al., 2001). Members of the order Rickettsiales are intracellular
pathogens dependent on their eukaryotic host cell (in both verte-
brate and invertebrate hosts). According to phylogenetic analysis,
there are 6 clades of Rickettsia species, 2 of them associated with
arthropods (Weinertetal.,2009). Most members are tick-borne, but
some are transmitted by fleas, lice, or mites (Hubalek and Rudolf,
2011). Although they are widely distributed throughout the world,
the species and associated human clinical diseases vary depending
on the geographical locations. Many new potentially pathogenic
rickettsiae, including ‘Candidatus Neoehrlichia mikurensis’, have
been identified during the past few years (Kawahara et al., 2004;
Oteo and Portillo, 2012).

Monitoring tick vectors and the pathogens they transmit, within
the scope of epidemiological surveillance, is an important tool for

* Corresponding author at: Institute of Vertebrate Biology, Academy of Sciences
of the Czech Republic, v.v.i., Kvetna 8, CZ-603 65 Brno, Czech Republic.
Tel.: +420 519 352 961; fax: +420 519 352 387.
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1877-959X/$ - see front matter © 2013 Elsevier GmbH. All rights reserved.
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better prevention and control of tick-borne diseases. The recent
emergence of tick-borne pathogenic rickettsiae is therefore attract-
ing the attention of public health experts. In the Czech Republic,
data on Rickettsia spp., Anaplasma phagocytophilum, ‘Candidatus
Neoehrlichia mikurensis’, their prevalence in ticks, and their med-
ical importance are insufficient. We have therefore performed a
molecular based survey on the prevalence of these selected tick-
borne pathogens in nymphal and adult host-seeking ticks in a
natural and an urban ecosystem in order to complete data on their
occurrence in Central Europe.

Materials and methods
Study sites

Ixodes ricinus ticks were collected at two study sites: Ostrava city
(49°47' N 18°14’ E) and Proskovice (Ostrava surroundings, 49°44’ N
18°12’E). The first study site is an urban park. The local fauna is
represented by small mammals and birds and the vegetation by
broadleaved deciduous trees and grass. The forest is surrounded
by housing estates and used for leisure activities and dog walking.
The second study site is a natural ecosystem outside the town. This
mixed forest with dominant broad-leaved trees is rarely visited by
people. The fauna consists of small and medium-sized mammals,
roe deer, birds, and occasionally wild boar.

Ticks were collected by flagging low vegetation from April
to September (a period of seasonal activity of I ricinus in Cen-
tral Europe) 2010. The sampled ticks were divided into test
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tubes according to sex and developmental stage and were pooled
(5 nymphs per tube, 3 adults per tube) before being frozen
at —60°C.

Homogenization of ticks and genomic DNA isolation

All I ricinus ticks were surface-sterilized with 70% ethanol
(PCR quality) and mechanically disrupted using the TissueL-
yser apparatus (Qiagen, Hilden, Germany) in 245ul of PBS
(Oxoid, England). The total genomic DNA was extracted from
100l of the tick homogenate with a QIAamp DNA Tissue
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions.

Detection of Anaplasma phagocytophilum

Real-time PCR for the detection of A. phagocytophilum
was performed according to Courtney et al. (2004) using
ApMSP2f/ApMSP2r primers and complementary ApMSP2 TagMan
probe labeled at the 5’ and the 3’ ends with BHQ1 and FAM, respec-
tively. The PCR reaction was carried out on the real-time PCR
machine ABIPRISM 7500 (Applied Biosystems, USA) by using Quan-
tiTect Probe RT-PCR Kit (Qiagen, Hilden, Germany).

Detection of Rickettsia spp. and ‘Candidatus Neoehrlichia
mikurensis’

Single-step PCR was wused for Rickettsia spp. detec-
tion. The method has been described by Regnery et al.
(1991), the primers used for gltA gene detection were
Rp877p (5-GGGGGCCTGCTCACGGCGG-3') and Rp1258n (5'-
ATTGCAAAAAGTACAGTGAACA-3’). Conventional PCR was also
used for ‘Candidatus Neoehrlichia mikurensis’ detection (Fertner
et al,, 2012). The primers used for 16S rRNA gene detection were
“micurensis 729F” (5’-GGCGACTATCTGGCTCAG-3’) and “micuren-
sis 1016R” (5-GCCAAACTGACTCTTCCG-3’). Selected samples
positive by PCR for Rickettsia spp. and ‘Candidatus Neoehrlichia
mikurensis’ (20 amplicons for Rickettsia spp. and 20 amplicons for
‘Candidatus Neoehrlichia mikurensis’) were subjected to sequence
analysis.

Sequence analysis of PCR product

The PCR product was purified by precipitation with
PEG/Mg/NaAc (26% polyethylene glycol, 6.5mM MgCl,-6H,0,
0.6 M NaAc-3H,0). Direct sequencing of the purified PCR product
was performed with the BigDye™ Terminator Cycle Sequenc-
ing Ready Reaction Kit version 1.1 (Applied Biosystems, USA)
according to the manufacturer’s instructions and purified with
EtOH/EDTA precipitation. The sequencing was performed on an
ABI PRISM 310 Genetic Analyzer (Applied Biosystems, USA). PCR
amplicons were bidirectionally sequenced once to ensure high-
quality reads. The DNA sequences were edited and aligned using
the Seqman module within Lasergene v.6.0 (DNASTAR Inc., USA)
and also checked manually. The FASTA format and BLAST program
(http://www.ncbi.nlm.nih.gov/blast) of the National Center for
Biotechnology Information (Bethesda, MD, USA) were used for
database searches.

Statistical evaluation

Differences between minimum infection rates (MIR) were eval-
uated using contingency tables and chi-square test at the 5%
probability level.

Table 1
Numbers of I. ricinus ticks tested.
Males  Females Nymphs  Ticks in total
Ostrava-Bélsky les (urban site) 17/51%  16/45 36/180 69/276
Proskovice (natural site) 16/48 12/35 223/1114 251/1197
Total 33/99  28/80 259/1294 320/1473

3 No. of pools/no. of individual ticks.

Results

We examined 1473 I. ricinus ticks (1294 nymphs, 99 males, and
80 females; Table 1). From 320 tick pools in total, 251 contained
ticks from the natural ecosystem and 69 pools contained ticks from
the urban park.

From the 320 L. ricinus pools, 49 were positive for Rickettsia spp.
Eight positive pools contained ticks from the urban park, 41 pools
were samples from the natural ecosystem (Table 2). In the urban
park, the overall MIR was 2.9%. Differences in MIRs between stages
were insignificant (females 4.4%, males 3.9%, nymphs 2.2%). In the
natural ecosystem, the overall MIR rate was 3.4%; differences in
MIRs between stages were also insignificant (nymphs 3.5%, females
2.9%, males 2.1%). There was no significant difference between the
MIRs of either tick stage at the 2 localities. Overall, 6 Rickettsia spp.-
positive amplicons were 100% identical to R. monacensis (GenBank
accession no.JX003686) and 14 amplicons for R. helvetica (GenBank
accession no. JX040636), respectively. Each of the 2 species was
detected at both study sites.

Fifty-four pooled samples in total were positive for DNA of ‘Can-
didatus Neoehrlichia mikurensis’. In total, 20 amplicons have shown
100% identity to ‘Candidatus Neoehrlichia mikurensis’ (GenBank
accession no. GQ501090) detected recently in the blood of a 61-
year-old man with signs of septicemia (Fehr et al., 2010). There
was one positive sample (nymphs) from the urban park (MIR 0.6%;
overall MIR 0.4%). The MIR of 4.4% for the natural ecosystem was
significantly higher (P=0.017 for nymphs, P=0.004 for adults). Dif-
ferences in MIR between stages (adults 8.4%; males 6.3%; females
11.4%; nymphs 4.1%) were insignificant (P=0.07).

There were 49 samples that were positive for A. phagocy-
tophilum, 26 of which were from the urban park and 23 of which
from the study site representing a natural ecosystem. The MIR for
the urban park was 9.4%. Adults (13.5%) were found more often
infected than nymphs (7.2%), but the difference is not significant.
The natural ecosystem’s overall MIR was 1.9%. Most often infected
were adult ticks (MIR 13.2%; males 14.6%, females 11.4%), whereas
only 1.1% (MIR) of the nymphs were found infected. The difference
between the stages is statistically significant (P=0.0001).

Discussion

Rickettsioses are an important topic in the field of emerging
tick-borne infections. Until recently, Mediterranean spotted fever
was the only tick-borne rickettsiosis diagnosed in Europe. How-
ever, within the past 2 decades, several other rickettsial species
have emerged as potential human pathogens (Rickettsia slovaca, R.
helvetica, R. raoultii, R. massiliae, R. mongolotimonae, R. monacensis,
or R. rioja (Oteo and Portillo, 2012).

Two rickettsial species with pathogenic potential were detected
in our study: R. helvetica (human infections documented from
France, Italy, Sweden, and Switzerland) and R. monacensis (human
illness described in Spain) (Oteo and Portillo, 2012).

Rickettsia spp. prevalence varies greatly between study sites,
years, tick vectors and their different life stages in Europe. It ranges
from 0.5% to almost 66% (Oteo and Portillo, 2012) taking in account
different methodological approaches used. The MIRs presented in
this study are within the scale of prevalences published so far. For
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Table 2
Prevalence (MIR, %) of rickettsiae in I. ricinus at the two study sites.

Urban site (BElsky les)

Natural ecosystem (Proskovice)

Males Females Nymphs Total Males Females Nymphs Total
Rickettsia spp. 3.9 4.4 2.2 2.9 2.1 2.9 3.5 34
‘Candidatus Neoehrlichia mikurensis’ 0 0 0.6 0.4 6.3 114 4.1 4.4
Anaplasma phagocytophilum 17.6 8.9 7.2 9.4 14.6 114 1.1 1.9

Explanation: Minimum infection rate (MIR) was calculated from the number of total ticks examined under assumption that every positive pool has contained only one infected

tick.

instance, the MIRs with R. helvetica and with R. monacensis in pools
of nymphal . ricinus (consisting of 5 individuals each) in Hungary
were 1.9% and 0.11%, respectively (Egyed et al., 2012). A recent
study from Sweden documents the variability of prevalences of R.
helvetica in different localities; the overall prevalence of Rickettsia
spp. in individually examined adult I. ricinus ticks from 29 differ-
ent study sites was found to be 9.5% (Wallménius et al., 2012). In
another study, individually tested adult I. ricinus ticks from sev-
eral study sites in Luxembourg showed a prevalence of 5.1%. They
were identified as R. helvetica (98.6%) and R. monacensis (1.4%)
(Reye et al., 2010). Prevalences of Rickettsia spp. in questing ticks
in Germany differ substantially in comparison with our study. In
Hanover, 33.3% of the individually examined I. ricinus ticks were
found to be infected (98.9% with R. helvetica and 1.1% with R. mona-
censis) (Schicht et al., 2012), while in Thuringia, the prevalence was
9.3% in nymphs and 18.8% in adults (Hildebrandt et al., 2010).

‘Candidatus Neoehrlichia mikurensis’ is in a novel clade in the
Anaplasmataceae family and has been found in small mammals
(Kawahara et al., 2004; Pan et al., 2003; Schouls et al., 1999) and
in L ricinus, L. ovatus, and . persulcatus ticks (Fertner et al., 2012;
Kawahara et al., 2004; Richter and Matuschka, 2011; Schouls et al.,
1999). This bacterium was first detected in ticks in the Netherlands
in 1999 (Schouls et al., 1999), but it started to attract attention
only recently because of its association with several human cases
of disease (Fehr et al., 2010; Pekova et al., 2011; von Loewenich
et al., 2010; Welinder-Olsson et al., 2010). That is why only a few
prevalence studies are available so far. The prevalence in Eurasian
regions varies and was reported to be 3.0% in pooled or unpooled
[sic!]adults of I. ovatus in Japan (Kawahara et al., 2004),0.2% in indi-
vidually examined adults of I. persulcatus in Siberia (Rar et al., 2008,
2010), 1.7% in individually examined adults of L. ricinus in France
(Richter and Matuschka, 2011), and 8.1% in individually examined
adults of I ricinus in Germany (Richter and Matuschka, 2011). PCR-
DGGE analysis of the bacterial community of nymphal I. ricinus has
shown that ‘Candidatus Neoehrlichia mikurensis’ is among the most
prevalent bacterial species present in these ticks (Van Overbeek
et al., 2008). In our study, 1473 ticks were tested and the MIR in
questing I. ricinus ticks was 0.4% in an urban park and 4.4% in a nat-
ural ecosystem. This difference between habitats could be caused
by the fact that small mammals (Myodes glareolus acts as reser-
voir host for this bacterium) are more likely to be found in natural
woodland than in urban parks (Andersson and Raberg, 2011). The
significance of this finding is substantiated by 2 human cases of
infection diagnosed in the Czech Republicin 2008 and 2009 (Pekova
etal, 2011).

The obligate intracellular bacterium A. phagocytophilum is trans-
mitted by I ricinus ticks in Europe and causes granulocytic
anaplasmosis in humans and several other mammalian species
(Hubalek and Rudolf, 2011). Anaplasma phagocytophilum has been
detected in ixodid ticks in most European countries (Sikutova et al.,
2007). Its prevalence in ticks varies significantly between years
(even in the same study site) and between different developmen-
tal stages of ticks (Overzier et al., 2013). Ixodid ticks from urban
parks were tested for A. phagocytophilum also in other European
countries. Its overall prevalence in individually examined questing

I. ricinus ticks from several Bavarian public parks was 9.5% in 2009
(5.0% of nymphs and 12.5% of adults) and 6.6% in 2010 (3.9% of
nymphs and 8.9% of adults) (Schorn et al., 2011). In Polish urban and
suburban forests, the prevalence was 14% in individually examined
I ricinus ticks (2.0% of nymphs and 29.7% of adults) (Staficzak et al.,
2004), while in a Slovak suburban forest, it was 8.3% in individually
examined adults (Derdakova et al., 2003). Adult ticks were more
often infected than nymphsin all these studies, including our study.
Interestingly, the overall 1.9% MIR with A. phagocytophilum in our
forest region representing a natural ecosystem was comparatively
low. This figure differs from higher prevalences of individually
examined ticks published for north-eastern Poland (8.7% of adults)
(Grzeszczuk et al., 2004), Mid Germany (9.3% of nymphs and 18.8%
of adults) (Hildebrandt et al., 2010), and Norway (3.3% of nymphs
and 7.1% of adults) (Rosef et al., 2008).

Summing up, prevalence data discussed in our study should be
interpreted with care due to different molecular approaches used,
which may cause difficulties in comparison of such data. Moreover,
the use of primers lacking specificity and sensitivity in many molec-
ular studies might contribute to low comparability of prevalence
data and their overestimation, most evidently seen in molecular
detection of A. phagocytophilum (Massung and Slater, 2003; Shukla
et al., 2003; Sikutova et al., 2007).

Despite the detection of tick-borne pathogenic rickettsiae in tick
vectors, only a few clinical cases (except for human granulocytic
anaplasmosis) of human rickettsiosis have been documented in the
Czech Republic up to now. Whereas Lyme borreliosis, tick-borne
encephalitis, and tularemia are notifiable diseases, other tick-borne
infections such as human granulocytic anaplasmosis or other rick-
ettsioses do not have to be reported. Thus, we currently do not know
the true incidence of these neglected tick-borne diseases in the
human population in Europe. Limited epidemiological data might
indicate that mild cases of neglected tick-borne human rickettsiosis
go unrecognized (Dumler et al., 2005; Cochez et al., 2011).

In conclusion, our molecular survey of neglected tick-borne
pathogens complements data on the occurrence of Anaplasma
phagocytophilum, ‘Candidatus Neoehrlichia mikurensis’, and Rick-
ettsia spp. (namely, R. monacensis and R. helvetica) in the tick I
ricinus in Central Europe.
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Abstract

Actotal of 1279 field-collected Ixodes ricinus ticks were screened for Borrelia burgdorferi sensu lato (s.1.) in a natural and an urban
ecosystem of Ostrava city (Czech Republic) by using molecular methods. Minimal prevalence rate for Borrelia burgdorferis.l. in
ticks for the urban park Bélsky les was found to be 13.8% (17.6% in males, 17.8% in females and 11.7% in nymphs),
similarly for the natural site Proskovice was minimal prevalence 15% (12.5% in males, 20% in females and 14.9% in nymphs).
Six proven human pathogenic genomic species have been recorded in the study: B. afzelii, B. garinii, B. burgdorferi s.s.,
B. valaisiana, B. lusitaniae, and B. spielmanii. Emerging B. spielmanii was detected for the first time in Ixodes ricinus ticks in the
region. Our results highlight the need for surveillance of zoonotic tick-borne pathogens even in urban areas.

Keywords,

Ixodes ricinus, Borrelia burgdorgeri s.l., genomic species, ixodid ticks

Introduction

Ixodid ticks (in Central Europe mainly Ixodes ricinus) repre-
sent a significant health risk for humans and many other ver-
tebrate species as vectors of multiple pathogens of which the
most important are flaviviruses of tick-borne encephalitis
complex (TBEV), Borrelia burgdorferi sensu lato (s.1.), Fran-
cisella tularensis, Anaplasma phagocytophilum, Rickettsia
helvetica, R. slovaca, Babesia microti, B. divergens and B. ve-
natorum (EU1) (Hubalek and Rudolf 2011).

Borrelia burgdorferi s.1. is a complex of gramnegative bac-
teria in the Order Spirochaetales and contains 18 genomo-
species. Spirochaete B. burgdorferi is prevalent in ixodid ticks
in Europe, USA, Asia and North Africa, with variation in ge-
ographic and genetic distribution. Pathogenic genomic species
present in Europe are: B. burgdorferi s.s., B. afzelii, B. garinii,
B. lusitaniae, B. valaisiana, B. bissettii, B. spielmanii and
B. bavariensis (Stanek and Reiter 2011).

The aim of this study was to determine the minimum
prevalence rate (MIR) of an important tick-borne pathogenic
spirochaete Borrelia burgdorferi s.l. in nymphal and adult
host-seeking Ixodes ricinus ticks in two different ecosystems:
a natural (a deciduous mixed forest at Proskovice — a total of
1197 ticks were examined) and an urban (a municipal park

Beélsky les located in Ostrava- a total of 276 ticks were exam-
ined) by using molecular biology techniques (Real-time PCR
and Reverse-line blotting) in order to assess public health risk
of urban and natural site for acquiring Lyme borreliosis which
is reportable disease in the Czech Republic (a total of 3304
human infections recorded in 2012 according to The National
Institute of Public Health).

Materials and Methods
Study sites

Ixodes ricinus ticks were collected at two study sites:
Ostrava city (49°47'N 18°14°E) and Proskovice (Ostrava
surroundings, 49°44°N 18°12°E). The first study site is the
urban park. Local fauna is represented by small mammals
and birds, and vegetation by broadleaved deciduous trees and
grass (grass cutting and long-term treatment of local trees is
performed on irregular basis). The forest is surrounded by
housing estates and used for leisure activities and dog-walk-
ing. The second study site is the natural ecosystem outside
the town. This mixed forest with dominant broadleaved trees
is rarely visited by people. The fauna consists of small and

*Corresponding author: rudolf@ivb.cz
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medium-sized mammals, roe deer, birds, and occasionally
wild boars.

Ticks were collected by flagging low vegetation between
April and September (a period of seasonal activity of
L ricinus in Central Europe) 2010. The sampled ticks were
divided into test tubes according to sex and developmental
stage and pooled (5 nymphs per tube, 3 adults per tube) before
being frozen at —60°C.

Extraction of nucleic acids
Homogenization of ticks and genomic DNA isolation

All I ricinus ticks were surface sterilized with 70% ethanol
(PCR quality) and mechanically disrupted using the TissueL-
yser apparatus (Qiagen, Hilden, Germany) in 245 pl of PBS
(Oxoid, England). The total genomic DNA was extracted from
100 pl of the tick homogenate with a QlAamp DNA Tissue
Kit (Qiagen, Hilden, Germany) according to the manufac-
turer’s instructions.

Ticks were examined for the presence of B. burgdorferi
s.l. using TagMan Real-time PCR procedure and assigned to
genomic species by using conventional PCR followed by Re-
verse line blotting.

Real-time PCR procedure

Real-time PCR for detection of B. burgdorferi s.1. was performed
according to Courtney et al. (2004) using Bb23S{/Bb23Sr
primers (specific for the B. burgdorferi 23S rRNA gene) and
Bb23Sp TagMan probe. The fluorogenic labels at the 5" and the
3" ends of the probe were BHQ1 and FAM, respectively. The
PCR reaction was carried out on the 7500 Real-Time PCR sys-
tem (Applied Biosystems, USA) by using the QuantiTect Probe
RT-PCR Kit (Qiagen, Hilden, Germany). Cycling conditions as
well as other PCR steps were performed according to Courtney
et al. (2004) by using the QuantiTect Probe PCR Kit (Qiagen,
Hilden, Germany).

Touch-Down PCR, Reverse-line blotting (RLB)
Primers B-5SBor/23SBor were used for a PCR amplification

of B. burgdorferi s.1. DNA. In addition, touchdown tempera-
tures ranging from 60 to 52°C for B. burgdorferi s.l. were ap-

plied on samples (to avoid amplifying nonspecific sequences).
The PCR conditions including specific concentrations of reac-
tion mixture as well as complete RLB hybridization assay were
determined according to Rijpkema et al. (1995) and Schouls
et al. (1999). The RLB probes designed for B. burgdorferis.l.,
B. garinii, B. afzelii, B. burgdorferi s.s., B. valaisiana, B. lusi-
taniae, B. spielmanii, and B. bissettii were used (Gern et al.
2010). DNA extraction, PCR set-up as well as post-PCR pro-
cessing were done in separate rooms to avoid possible cross-
contamination of the samples.

Statistical evaluation

Differences between the MIR were evaluated using contin-
gency tables and chi-square test at 5% probability level.

Results

A total of 1279 ticks were examined in 320 pools for human
pathogenic tick-borne borreliae in the natural (251 pools) and
the urban (69 pools) ecosystems in the surroundings of
Ostrava. Results are briefly summarized in Table 1 and 2.

There were 217 pooled samples positive for B. burgdor-
feri s.1. (38 pooled samples from the city park and 179
pooled samples from the natural ecosystem). The overall
MIR for Bélsky les (the city park) was 13.8% (males 17.6%,
females 17.8%, nymphs 11.7%). There was no significant
difference in prevalence between males and females (P =
0.99) or between adults and nymphs (P = 0.17). The overall
MIR for Proskovice (the natural ecosystem) was found to
be 15% (males 12.5%, females 20%, nymphs 14.9%). There
was no significant difference in the MIR between males and
females (P = 0.35) or between adults and nymphs (P = 0.85)
either.

B. burgdorferi s.1. genomic species were identified using
reverse line blot assay (see Table 2). Overall six proven path-
ogenic genomic species have been recorded in the study:
B. afzelii, B. garinii, B. burgdorferi s.s., B. valaisiana, B. lusi-
taniae and B. spielmanii.

We were unable to identify pathogenic genomic species in 17
B. burgdorferi s.1. positive samples, probably due to low DNA
concentration. The most abundant Borrelia genomic species was
B. afzelii (157 samples), followed by B. valaisiana (36 samples),

Table I. Numbers of tested 1. ricinus ticks and B. burgdorferi s.1. prevalence (MIR ,%)

Males Females Nymphs Ticks in total
Ostrava-B¢lsky les (urban site) 17/512(17.6) 16/45 (17.8) 36/180 (11.7) 69/276 (13.8)
Proskovice (natural site) 16/48 (12.5) 12/35 (20.0) 223/1114 (14.9) 251/1197 (15.0)
Total 33/99 28/80 259/1294 320/1473

“Number of pools/number of ticks tested

Explanation: Minimum infection rate (MIR) was calculated from the number of total ticks examined under assumption that every positive

pool has contained only one infected individual tick
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Table I1. Numbers of positive samples for B. burgdorferi genospecies

B. garinii B. afzelii B. burgdorferi s.s. B. valaisiana B. lusitaniae B. spielmanii
Bélsky les (urban site) 5 16 5 10 2 1
Proskovice (natural site) 6 141 14 26 4 0
Total 11 157 19 36 6 1

B. burgdorferis.s. (19 samples), B. garinii (11 samples), B. lusi-
taniae (6 samples) and B. spielmanii (1 sample).

Discussion

B. burgdorferi s.l. is a worldwide complex of spirochaetes con-
taining several genomic species. Some are recognized as human
pathogens and cause Lyme borreliosis (Stanek and Reiter 2011).
Here we present the MIR for B. burgdorferi in I. ricinus ticks in
the natural and the urban ecosystms in the Czech Republic in
order to assess the risk of acquiring the disease.

Rauter and Hartung (2005) calculated the overall prevalence
of Borrelia species in Europe to be 13.7%. The most common
genospecies were B. afzelii (38%), B. garinii (33%), B. burgdor-

feri s.s. (18%), B. valaisiana (19%), and B. lusitaniae (7%).
These figures were calculated from results extracted from 154
records published from 1984 till 2003. Several studies con-
cerning B. burgdorferi prevalence in ticks in the Czech Repub-
lic have been published so far. Basta et al. (1999) established the
prevalence of B. burgdorferi in I. ricinus ticks, collected in
Prague (the capital of the Czech Republic) between years 1995—
1998, to be 2.8-9.2%. B. garinii and B. afzelii were the most
common genomic species detected. In city of Brno 12.1% of
1 ricinus ticks tested positive for B. burgdorferi s.l. (Pejchalova
et al. 2007). We report the MIR for the city park to be 13.8%,
higher than both figures mentioned above. This might indicate
amarked increase in B. burgdorferi prevalence in urban ecosys-
tems in the Czech Republic or simply using more specific and
sensitive molecular methods in our study.

Studies conducted in Slovakia reported identical group of
genomic species as in the Czech Republic. B. burgdorferi MIR
established by PCR was 30.2% (Smetanova et al. 2007).
Another molecular study of Slovak /. ricinus ticks from 2012
yielded the MIR 25% and the first detection of B. miyamotoi
in Slovakia (Subramanian et al. 2012).

Some other European countries reported prevalence of
B. burgdorferi over 20%: Serbia —42.5% (Milutinovi¢ et al.
2008), Latvia — 28% (Etti et al. 2003), Belgium — 23%; (Misonne
et al. 1998), or Bulgaria — 30.7% (Christova ef al. 2001), The
prevalence in Poland varied — 5.4%, 12.3%, 22.2% and 22%, re-
spectively (Cisak et al. 2006; Lencakova et al. 2006; Stanczak et
al. 2000; Sytykiewicz et al. 2012). All ticks tested in studies men-
tioned above were collected at woodland areas and forests and
were analyzed individually (adults) or in pools (nymphs).

Figures reported from countries situated mostly in Western
and Northern Europe only rarely exceeded 20% prevalence: Ger-

many — 15.8% (Vogerl et al. 2012), Austria — 14.5% (Blaschitz
et al. 2008), Luxembourg — 11.3% (Reye et al. 2010), Norway
—16% (Jenkins et al. 2001), Lithuania — 13.3% (Paulauskas
et al. 2008), Denmark — 11% (Skarphédinsson et al. 2007), the
Netherlands — 7.6% (Wielinga et al. 2006), Switzerland — 17.4%
(Gern et al. 2010). In Ireland prevalence ranged between 11.5%
—28.9% according to study site (Kirstein et al. 1997).

Most common human pathogenic B. burgdorferi genomic
species in Europe are B. garinii, B. afzelii, B. burgdorferi s.s.
and B. valaisiana (Rauter and Hartung 2005). The frequency
of individual genomic species varies among countries. We re-
ported here the presence of all genomic species mentioned
above and the first time detection of B. spielmanii in the Mora-
vian region. B. spielmanii has been detected rarely in Germany
and Switzerland (Gern et al. 2010; Vogerl et al. 2012). Many
studies fail to include B. spielmanii detection in their analysis
therefore its prevalence in Europe might be in fact higher than
suggest available data.

These results contribute to the surveillance of selected tick-
borne pathogens in the surroundings of Ostrava city. Molecular
survey represents scientific background for the comparison of
prevalence data among other European countries and comple-
ments missing information concerning occurrence of Borrelia
burgdorferi s.1. in the tick I. ricinus in urban ecosystem.
Spirochaete B. spielmanii has been detected for the first time in
1L ricinus ticks from urban locality, highlighting the need for sur-
veillance of neglected tick-borne pathogens even in urban areas.
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I Abstract

Introduction and objective. Ixodes ricinus is the most common tick species occurring in Central Europe and it serves as a
principal vector of emerging human pathogens. The aim of this study was to determine the prevalence of Babesia spp. in

host-seeking /. ricinus in urban and natural habitats.

Materials and methods. PCR was applied on samples to assess prevalence of Babesia spp. in questing ixodid ticks.

Sequencing was used for Babesia species determination.

Results. 1,473 |. ricinus ticks (1,294 nymphs, 99 males and 80 females) were examined for the presence of Babesia spp. at the
two study sites. Minimum infection rate for Babesia spp. was found to be 0.5% (infected /. ricinus nymphs were only detected
in the natural ecosystem). Two Babesia species were identified by sequencing: B. venatorum (formerly called Babesia sp. EU1)

and B. capreoli.

Conclusions. The results obtained represent the first evidence of the occurrence of B. venatorum and B. capreoli in host-

seeking /. ricinus ticks in the Czech Republic.

1 Key words

Babesia sp. EU1, Babesia venatorum, Babesia capreoli, Ixodes ricinus, ixodid ticks

INTRODUCTION

Ixodid ticks (mainly Ixodes ricinus in Central Europe) present
a significant health risk for humans, being vectors of multiple
pathogens, of which the most important are the tick-borne
encephalitis virus, Borrelia burgdorferi sensu lato, Anaplasma
phagocytophilum, Rickettsia spp., and Babesia spp. [1].

Babesiae are protozoan intraerythrocytic organisms
belonging to the phylum Apicomplexa. More than 100
Babesia species infect a wide variety of wild and domestic
animals, such as horses, sheep and pigs, but only few have
been documented to infect humans. The first human case
of babesiosis (caused by B. divergens) was reported in 1957
in Europe [2] and today the disease shows a worldwide
distribution. The typical host reservoirs for Babesia spp. in
Europe are cattle, roe deer and small mammals. In Europe,
many ixodid tick species can transmit babesiae to their natural
hosts; however, I. ricinus is the most important human-biting
tick involved and is the only species thought to transmit the
main Babesia spp. (B. microti, B. divergens and B. venatorum)
that cause human babesiosis. Most of the patients are asplenic
and immunosuppressed. Interestingly, transplacental
transmission and transmission through transfusion of blood
and blood products have been documented in areas where
babesiosis is endemic [3].

Monitoring tick vectors and the pathogens they transmit
is an important tool within the scope of epidemiological
surveillance. In Central Europe, however, data on the
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regional distribution and possible risk areas for acquiring
babesiosis via tick infestation are not available.

Therefore, a molecular based survey was carried out on
the prevalence of zoonotic babesiae in nymphal and adult
host-seeking ticks in natural and urban ecosystems, in order
to complete data on their occurrence in Central Europe.

MATERIALS AND METHODS

Study sites. Ixodes ricinus ticks were collected at two study
sites: Ostrava city (49°47‘N 18°14°E) and Proskovice (Ostrava
surroundings, 49°44°N 18°12°E). The first study site is an
urban park. Local fauna is represented by small mammals
and birds, and vegetation by broadleaved deciduous trees and
grass. The wood is surrounded by housing estates and used
for leisure activities and dog-walking. The second study site
is a natural ecosystem outside the town. This mixed forest
with dominant broadleaved trees is rarely visited by people.
Its fauna consists of small and medium-sized mammals, roe
deer, birds, and occasionally wild boars.

Ticks were collected by flagging low vegetation between
April and September (a period of seasonal activity of Ixodes
ricinus in Central Europe) 2010. The sampled ticks were
divided into test tubes according to gender and developmental
stage and pooled (5 nymphs per tube, 3 adults per tube) before
being frozen and maintained at -60°C.

Homogenization of ticks and genomic DNA isolation. All
I. ricinus ticks were surface sterilized with 70% ethanol (PCR
quality) and mechanically disrupted using a TissueLyser
apparatus (Qiagen, Hilden, Germany) in 245 pl of PBS
(Oxoid, England). The total genomic DNA was extracted
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from 100 pl of the tick homogenate with a QIAamp DNA
Tissue Kit (Qiagen, Hilden, Germany), according to the
manufacturer's instructions.

Babesia spp. detection. Single-step PCR was performed
according to protocol published earlier [4]. The primers
used for Babesia spp. detection were BJ1 (5-GTC TTG TAA
TTG GAA TGA TGG-3’) and BN2 (5-TAG TTT ATG GTT
AGG ACT ACG-3’), amplifying a fragment of the 18S rRNA
(411-452 bp). The total volume of DNA reaction mixture
for Babesia spp. DNA detection was 25 ul (5ul of extracted
DNA as a template) and 50 pl (10pl of extracted DNA as a
template) for sequencing. The reaction was performed in a
thermal Mastercycler epgradient (Eppendorf, Germany). The
PCR assay consisted of an initial denaturation step (10 min at
94°C), 35 cycles of denaturation (I min at 94°C), annealing
(1 min at 55°C), and elongation (2 min at 72°C). The final
amplification lasted for 2 min at 72°C. The PCR products
were separated electrophoretically in 1.5% agarose gel under
standard conditions. The products were treated with non-
toxic GelRed stain (Biotium Inc., USA) and visualized using
standard UV transillumination. Positive (Babesia microti,
Babesia venatorum and Babesia capreoli DNA) as well as
negative (ultra pure PCR H,0) controls were included. PCR
positive samples were subjected to sequence analysis.

Sequence analysis of PCR product. The PCR product
was purified by precipitation with PEG/Mg/NaAc (26%
polyethylene glycol, 6.5 mM MgCl,.6H,0,0.6 MNaAc.3H,0).
Direct sequencing of the purified PCR product was
performed with the BigDye™ Terminator Cycle Sequencing
Ready Reaction Kit version 1.1 (Applied Biosystems, U.S.A)
according to the manufacturer’s instructions, and purified
with EtOH/EDTA precipitation. The sequencing was
performed on an ABI PRISM 310 Genetic Analyzer (Applied
Biosystems, USA). The PCR amplicons were bi-directionally
sequenced once to ensure high quality reads. The DNA
sequences were edited and aligned using the Seqman module
within Lasergene v. 6.0 (DNASTAR Inc., USA) and also
checked manually. The FASTA format and BLAST program
(http://www.ncbi.nlm.nih.gov/blast) of the National Center
for Biotechnology Information (Bethesda, MD, USA) were
used for database searches. Representative sequences were
submitted to the GenBank database.

RESULTS

A total of 1,473 L. ricinus ticks (1,294 nymphs, 99 males and
80 females) (Tab.1) were examined. From 320 tick pools in
total, 251 contained ticks from the study site representing a
natural ecosystem and 69 pools contained ticks from the city
park. No positive samples were detected in ticks collected
in the city park. This can be explained by the absence of
wild ungulates, the main reservoir hosts of Babesia spp.
parasites. On the contrary, there were 7 samples positive
from natural ecosystem, all of them were nymphs. MIR for
the study site representing the natural ecosystem was 0.5% in
total, and 0.6% calculated only for nymphs (Tab. 2). Babesia
species identified by sequencing were B. venatorum (2 positive
amplicons were deposited in GenBank under Accession Nos.
KJ465867 and KJ465868, respectively,) and B. capreoli (one
amplicon was deposited in GenBank under Accession No.

Table 1. Number of tested /. ricinus ticks

Males Females  Nymphs Ticks in total
Bélsky les (urban ecosystem) 17/512 16/45 36/180 69/276
Proskovice (natural ecosystem) 16/48 12/35  223/1,114  251/1,197
Total 33/99 28/80  259/1,294 320/1,473

No. of pools / No. of individual ticks

Table 2. Prevalence (MIR, %) of Babesia spp. on study sites Bélsky les
and Proskovice

City park (Bélsky les) Natural ecosystem (Proskovice)

Males Females Nymphs Total Males Females Nymphs Total

Babesia
spp.

0 0 0 0 0 0.6 0.5

Minimum infection rate (MIR) was calculated from the number of total ticks examined under
the assumption that every positive pool contained only one infected tick.

KJ465869). Another 4 positive Babesia spp. specimens were
assigned only to the genus Babesia.

DISCUSSION

For the purposes of epidemiology and phylogeny, PCR and
sequence analyses of the amplicons has proved powerful
in more exact species identification, especially in newly-
recognized organisms [3]. The overall prevalence of babesiae
in I ricinus was detected as 0.5% in this study. The rates
of Babesia spp. in L ricinus are usually low and stay under
10%. In the Czech Republic, Rudolf et al. 2005 [5] tested
pooled I. ricinus ticks for the presence of B. microti using
the molecular approach. MIR was determined to be 1.5%.
Infection rates of Babesia spp. in ticks in Europe are usually
rather low, Babesia spp. prevalence rates under 1% in I. ricinus
ticks were reported from several European countries: Norway
0.9% (B. venatorum, B. divergens, B. capreoli and previously
undescribed Babesia species were identified in individually
examined I ricinus ticks [6]), Hungary — 0.5% and 0.3%
(B. divergens and B. microti, respectively [7]) and Italy -
0.85% (B. venatorum) [8]. The prevalence rates might be
underestimated in the study from Hungary, where only
pooled nymphs were tested, and the Italian study, where
only adults or pooled samples were examined, respectively.
In Germany, the prevalence of Babesia spp. in individually
examined ticks was reported to be 0.4% in 2009 and 0.5-0.7%
in 2010 (B. venatorum, B. divergens and B. gibsoni [9]). In
Switzerland, 0-1.3% of individually examined ticks were
infected with B. venatorum and B. microti, depending on
the study area [4]. A few studies from Germany, Austria and
Poland report the prevalence of Babesia spp. to be higher. In
Germany, 4.1%, 5.5% and 6.1% of individually tested I. ricinus
ticks from recreational areas were infected, depending on
the study area. Babesia species identified were B. venatorum,
B. microti, B. divergens and B. capreoli [10].

Interestingly, B. capreoli is closely related to B. divergens
and differs marginally in the 18S rDNA region [11]. This could
be the reason for incorrect species identification in several
old studies. Results from several studies from Poland also
demonstrate the variation in prevalence rates: 16.3% in 2001
(B. microti and B. divergens: North-West Poland [12]), 5.4% in
2006 (B. microti: East Poland [13]), 3.1% in 2012 (B. microti:
Central-Eastern Poland [14]). Ticks were tested either
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separately [12, 14] or in combination of individual adults
and pooled nymphs [13]. Different molecular approaches
used in the discussed prevalence studies also had to be taken
in account.

Despite the detection of tick-borne pathogenic babesiae
in tick vectors, no autochthonous clinical cases (except
of one imported infection) have been documented in the
Czech Republic [15]. Unfortunately, the current incidence
of neglected tick-borne diseases in the human population in
Europe is not known. Whereas Lyme borreliosis, tick-borne
encephalitis or tularaemia, are notifiable diseases in a number
of European countries, other tick-borne infections, such as
babesiosis or anaplasmosis, are not reportable. Moreover, the
absence of seroepidemiological data from many European
countries indicates that some neglected tick-borne human
infections may go unrecognized.

CONCLUSIONS

This is the first report on the detection of B. capreoli and
B. venatorum in host-seeking I. ricinus ticks in the Czech
Republic. Finding of Babesia venatorum in I ricinus ticks
in the region poses a potential risk for acquiring human
zoonotic babesiosis. Increased medical awareness, including
information on the specific eco-epidemiology, risk factors,
and improved diagnostic and preventive measures, are
needed to provide a better insight of this rare but sometimes
life-threatening zoonosis.
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In this study, we screened a total of 2473 questing (years 2011-2014) and 199 engorged (years 2013
and 2014) Ixodes ricinus ticks for the presence of Rickettsia spp., “Candidatus Neoehrlichia mikurensis”,
Anaplasma phagocytophilum, and Babesia spp. Host-seeking ticks were collected at three study sites cor-
responding to natural woodland, urban park and pastureland ecosystem, and analyzed using molecular
techniques. All pathogens tested were present at all study sites. The prevalence rates for Rickettsia spp.,
‘Candidatus Neoehrlichia mikurensis’, Anaplasma phagocytophilum, and Babesia spp. ranged from 2.6%
to 9.2%, 0.8% to 11.6%, 0% to 12.1%, and 0% to 5.2%, respectively. Engorged I. ricinus ticks collected from
sheep on pastureland in the years 2013 and 2014 yielded prevalence rates 7.4% and 6.3%, respectively, for
Rickettsia spp., 38.5% and 14.1% for ‘Candidatus N. mikurensis’, 18.5% and 12.5% for A. phagocytophilum,
and 4.4% and 0.0% for Babesia spp. Monitoring of neglected tick-borne pathogens within the scope of epi-
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Babesia spp. demiological surveillance is an important tool for prevention and control of human tick-borne infections.
© 2015 Elsevier GmbH. All rights reserved.
Introduction circulating between vertebrate hosts and ixodid ticks but not all of

Ixodid ticks are vectors of multiple pathogens, several of which
can cause human infection (e.g., tick-borne encephalitis, Lyme bor-
reliosis, anaplasmosis, rickettsioses). Rickettsia spp., ‘Candidatus
Neoehrlichia mikurensis’ and Anaplasma phagocytophilum are bac-
teria from the Order Rickettsiales. They are intracellular parasites
depending on eukaryotic cell (Kawahara et al., 2004; Dumler et al.,
2001), transmitted by ixodid ticks and causing a febrile disease
with headache, muscle pain and rash (Parola et al., 2005; Welinder-
Olsson et al., 2010; Bakken and Dumler, 2006). Their importance
has been increasingly recognized during last years, and new Rick-
ettsia organisms are still being described. In addition, some species
of rickettsiae previously considered to be non-pathogenic have
been associated with clinical human disease (Rickettsia helvetica).

‘Candidatus N. mikurensis’ is a recently recognized bacterium
related to A. phagocytophilum. Its importance was recognized in
2010 by describing first human infection (Welinder-Olsson et al.,
2010). Patients are usually immunocompromised and/or splenec-
tomised, and fatal infection in such cases can occur.

A. phagocytophilum is a blood cell parasite distributed over
Europe, Asia, America and North Africa. There are several variants

* Corresponding author at: Institute of Vertebrate Biology, v.v.i., Academy of Sci-
ences of the Czech Republic, Kvétna 8, 603 65 Brno, Czech Republic.
E-mail address: rudolf@ivb.cz (I. Rudolf).

http://dx.doi.org/10.1016/j.ttbdis.2015.09.004
1877-959X/© 2015 Elsevier GmbH. All rights reserved.

them are pathogenic for human (Overzier et al., 2013).

Babesia spp. is a protozoan microorganism. It is the second most
common blood-borne parasite of mammals after trypanosomes
(Telford et al., 1993). The number of cases is rising and newly rec-
ognized species are associated with human disease (Hildebrandt
etal., 2007).

Pathogens mentioned above are often ‘neglected’ by general
practitioners. When unspecific clinical symptoms (fever, fatigue)
appear after tick bite, Lyme borreliosis or tick-borne encephalitis
are in the first line of suspicion. However, these often non-notifiable
infections (human anaplasmosis, neoehrlichiosis, rickettsiosis and
babesiosis) are usually diagnosed with delay or even remain unrec-
ognized.

The aim of this study was to determine prevalence of selected
pathogens in Ixodes ricinus ticks in different habitats (natural, urban
and agricultural) in Moravia - the eastern part of the Czech Repub-
lic.

Materials and methods
Tick collections

I. ricinus ticks were collected by flagging (with white 0.5m x 1m
cloth) vegetation at three study sites representing different

ecosystems: Valtice — urban park, Pohansko - natural woodland
ecosystem, and Suchov (Suchovské Mlyny) pastureland ecosystem.
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Valtice is an urban park (48°44'N, 16°45’E). It is a well-attended,
regularly maintained locality used for leisure activities and dog
walking. Local vertebrate fauna is represented by lizards, small
rodents, insectivores, medium-sized mammals and birds. Regularly
cut grass areas are separated by paths and tree lines. Pohansko
(48°43'N, 16°53’ E) represents a natural ecosystem of mixed flood-
plain forest and meadows. The vertebrate fauna consists of small
rodents, birds, red deer, roe deer and wild boar and sporadically
foxes. Suchov (48°53'N, 17°34'E) is a pastureland (for sheep) with
solitary trees and bushes restricted by fencing. Other wild large
animals are therefore excluded from the area. Engorged I. ricinus
female ticks were also collected from sheep in 2013 and 2014 at the
same study site. Collection of engorged ticks from sheep was per-
formed in September (during sheep shearing) while host-seeking
ticks were collected from vegetation from May to June.

The climatic region is characterized by annual average tempera-
ture of 8-10°C, and the average precipitation is 500-600 mm (data
from the Czech Hydrometeorological Institute).

Nucleic acid extraction

I ricinus ticks were analyzed individually. All specimens
were mechanically disrupted using TissueLyser apparatus (Qia-
gen, Hilden, Germany) in 105 pl of PBS (Oxoid, England). The total
genomic DNA was extracted with a QJAamp DNA minikit (Qiagen,
Hilden, Germany) from 100 .1 of the tick homogenate according to
the manufacturer’s instructions.

Ticks were examined for the presence of the following bacte-
rial species from the Order Rickettsiales: Rickettsia spp., ‘Candidatus
N. mikurensis’, A. phagocytophilum; moreover, for the protozoans
Babesia spp.

PCR procedures

Single-step PCR was used for Rickettsia spp., ‘Candidatus N.
mikurensis’, and Babesia spp. detection. PCR protocols used were
adapted from previously published studies (Table 1). The PCR
products were separated electrophoretically in 1.5% agarose gel
under standard conditions. The products were visualized by
GelRed (Biotium Inc., USA) staining and UV transillumination.
Selected samples (samples with sufficient DNA concentration)
were sequenced.

Real-time PCR detection of A. phagocytophilum was performed
according to Courtney et al. (2004) including specific primers and
probe (Table 1). The PCR reaction was carried out on the 7500
Real-Time PCR system (Applied Biosystems, USA) by using the
QuantiTect Probe RT-PCR Kit (Qiagen, Hilden, Germany).

Sequence analysis of PCR product

The PCR product was purified by precipitation with
PEG/Mg/NaAc (26% polyethylene glycol, 6.5mM MgCl,.6H,0,
0.6 M NaAc.3H,0). Direct sequencing of the purified PCR product

Table 1
PCR protocols and primers used for pathogen detection.

was performed with the BigDye™ Terminator Cycle Sequenc-
ing Ready Reaction Kit version 1.1 (Applied Biosystems, USA)
according to the manufacturer’s instructions, and purified with
EtOH/EDTA precipitation. The sequencing was performed on an
ABI PRISM 310 Genetic Analyzer (Applied Biosystems, USA). PCR
amplicons were bidirectionally sequenced once to ensure high
quality reads. The DNA sequences were edited and aligned using
the Seqman module within Lasergene v. 6.0 (DNASTAR Inc., USA)
and also checked manually. The FASTA format and BLAST program
(http://www.ncbi.nlm.nih.gov/blast) of the National Center for
Biotechnology Information (Bethesda, MD, USA) were used for
database searches. Selected samples positive by PCR for Rickettsia
spp. and ‘Candidatus N. mikurensis’ were subjected to sequence
analysis (30 amplicons for Rickettsia spp. and 20 amplicons for
‘Candidatus N. mikurensis’).

Statistical evaluation

Prevalence rates of particular pathogens were calculated for
every study site, agent and year, and differences among them were
evaluated using contingency tables with chi-square (wherever pos-
sible: Siegel, 1956), otherwise with Fisher’s 2 x 2 exact testor 2x r
exact test.

Results

A total of 2473 questing I. ricinus ticks were collected and tested
for the presence of pathogen DNA. Numbers of ticks and prevalence
rates according to collection year, state of development and study
sites are shown in Tables 2 and 3.

A total of 199 engorged I. ricinus female ticks collected from
sheep were tested individually for afore mentioned pathogens
presence. The prevalence rates are shown in Table 4.

Male and female ticks were merged for statistical calculations of
infection rates and further assessed as “adults” group. For Rickettsia
spp., the prevalence did not vary significantly among tick stages
and study sites (Table 3). Amplicons were 100% identical with Rick-
ettsia monacensis (GenBank accession no. JX003686) and Rickettsia
helvetica (GenBank accession no. KF447530), respectively. The two
species were distributed equally across all three study sites.

For ‘Candidatus N. mikurensis’, the prevalence varied signifi-
cantly between study sites in both adults and nymphs, between
years in nymphs at Pohansko and in adults at Valtice and Pohansko,
while no significant difference was found between developmental
stages except for Suchov. In total 20 amplicons have shown 100%
identity with the rickettsia ‘Candidatus N. mikurensis’ (GenBank
accession no. GQ501090) which was detected in the blood of a
61-year-old man with signs of septicemia (Fehr et al., 2010).

A. phagocytophilum prevalence among the years varied signifi-
cantly in both adults and nymphs at Valtice, among the study sites
in nymphal ticks, and it differed between tick stages at all three
study sites.

Organism Primer sequences

Reference

Rickettsia spp.

Rp877p: 5'-GGG GAC CTG CTC ACG GCG G-3'

Regnery et al. (1991)

Rp1258n: 5'-ATT GCA AAA AGT ACA GTG AAC A-3'

“Candidatus N. mikurensis”

Mikurensis_R: 5'-GCC AAA CTG ACT CTT CCG-3'

Fertner et al. (2012)

Mikurensis_F: 5'-GGC GAC TAT CTG GCT CAG-3’

Anaplasma phagocytophilum

ApMSP2f: 5'-ATG GAA GGT AGT GTT GGT TAT GGT ATT-3'

Courtney et al. (2004)

ApMSP2r: 5'-TTG GTC TTG AAG CGC TCG TA-3'
ApMSP2p BHQ1 5'-TGGTGCCAGGGTTGAGCTTGAGATTG -3 FAM

Babesia spp.

BJ1: 5-GTC TTG TAA TTG GAA TGA TGG-3'

Casati et al. (2006)

BN2: 5'-TAG TTT ATG GTT AGG ACT ACG-3'
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Prevalence of pathogens in host-seeking Ixodes ricinus ticks at three study sites, 2011-2014.
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Year Valtice adults Valtice nymphs Pohansko adults Pohansko nymphs Suchov adults Suchov nymphs
2011 Rickettsia 52 5 1 4 2 29
Neoehrlichia 1 1 0 3 4 25
Anaplasma 6 2 3 0 3 6
Babesia 0 0 0 0 1 1
131° 133 29 98 47 376
2012 Rickettsia 6 8 2 1 5 5
Neoehrlichia 2 2 2 0 1 1
Anaplasma 5 4 0 0 2 1
Babesia 0 0 0 0 0 0
47 105 8 72 39 80
2013 Rickettsia 7 8 1 12 1 9
Neoehrlichia 6 2 1 26 1 8
Anaplasma 7 3 3 2 0 1
Babesia 1 1 0 2 3 6
118 187 28 205 29 186
2014 Rickettsia 4 13 2 2 3 3
Neoehrlichia 7 8 1 10 12 3
Anaplasma 18 12 4 2 7 2
Babesia 1 1 2 5 3 5
86 161 25 128 69 86
2011-14 Rickettsia 22 34 6 19 11 46
Neoehrlichia 16 13 4 39 18 37
Anaplasma 36 21 10 4 12 10
Babesia 2 2 2 7 7 12
382 586 90 503 184 728
Prevalence rate (%)
Rickettsia 58 58 6.7 3.8 6.0 6.3
95% CI 2.8-8.8 3.4-8.2 0.1-12.3 1.7-5.9 1.6-10.4 4.0-8.6
Neoehrlichia 4.2 2.2 4.4 7.8 9.8 5.1
95% Cl 1.6-6.8 0.7-7.3 0.0-9.8 4.8-10.8 43-14.8 3.1-7.1
Anaplasma 94 3.6 111 0.8 6.5 14
95% ClI 5.7-13.1 1.7-5.5 2.8-194 0.0-1.8 2.0-11.0 0.3-2.5
Babesia 0.5 0.3 22 14 3.8 1.6
95% ClI 0.0-14 0.0-0.9 0.0-6.0 0.1-2.7 0.3-3.7 0.4-2.8

2 No. ticks posit:

ive.

b No. ticks examined.
CI: confidence intervals.

Table 3

Significance of differences in the prevalence of pathogens: contingency tables, chi-square test (wherever applicable: Siegel, 1956), in other cases Fisher 2 x 2 exact test or 2x
r exact test were used.

Rickettsia spp. ‘Candid. N. mikurensis’ Anaplasma phagocytophilum Babesia spp.

Between tick stages (adults vs. nymphs, 2011-2014 total)

Valtice NS NS N NS

Pohansko NS NS NS

Suchov NS ) N NS
Between study sites (2011-2014 total)

Adult ticks NS NS

Nymphal ticks NS ‘ ‘ NS
Between years (2011-2014)

Valtice adults NS h NS

Valtice nymphs NS NS NS

Pohansko adults NS ) NS NS

Pohansko nymphs NS NS NS

Suchov adults NS NS NS NS

Suchov nymphs NS NS NS o

NS: the difference is not significant (P>0.05).

Significant at P<0.05.
Significant at P<0.01.
Significant at P<0.001.
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Table 4

Prevalence of particular pathogens in engorged I. ricinus females collected from sheep (S) vs. host-seeking females collected from vegetation (V) in Suchov. Significance of

the differences between “S” and “V” ticks was tested by Fisher’s exact 2 x 2 test.

Collection year Rickettsia spp. ‘Candidatus N. mikurensis’ Anaplasma phagocytophilum Babesia spp. No. ticks tested
2013 S 10 (7.4%)* 52 (38.5%)* 25(18.5%)* 6 (4.4%)* 135
\Y 0(0.0%) 1(5.6%) 0(0.0%) 1(5.6%) 18
2014 S 4(6.3%)? 9 (14.1%)° 8 (12.5%)° 0 (0.0%)* 64
\Y 0(0.0%) 7 (19.4%) 3(8.3%) 3(8.3%) 36
Total S 14 (7.0%) 61 (30.7%) 33(16.6%) 6 (3.0%) 199
(3.4-10.6%)" (24.2-37.2%)° (11.3-21.9%)° (0.6-5.4%)"
\Y 0(/0.0%) 8(14.8%) 3(5.6%) 4 (7.4%) 54
- (5.1-24.5%)" (0.0-11.9%)" (0.3-14.5%)"
Significance NS

2 Number of positive ticks (prevalence %).
b Confidence interval, 95%.

NS: the difference is not significant (P>0.05)
" Significant at P<0.05.

Prevalence of Babesia spp. in adult ticks was significantly higher
at Suchov than in the two other study sites, and in nymphal ticks
in the years 2014 and 2013 as opposed to 2011 and 2012. In addi-
tion, low DNA content in positive specimens did not allow us to
discriminate between Babesia spp.

We compared the prevalence of pathogens in questing and
engorged ticks on the “Suchov” study site in the years 2013 and
2014. Ricketssia spp., ‘Candidatus N. mikurensis’ and A. phagocy-
tophilum showed significantly higher prevalence rate in engorged
ticks collected from sheep compared to questing ticks, while the
difference was insignificant for Babesia (Table 4).

Discussion

This paper presents unique results of a four-year surveillance
study of tick-borne pathogens in the Czech Republic. We confirmed
a long-term presence of several agents (Rickettsia spp., ‘Candidatus
N. mikurensis’, A. phagocytophilum and Babesia spp.) in questing
and engorged I. ricinus ticks in different ecosystems.

The importance of Rickettsia spp. has been increasingly rec-
ognized worldwide. New species are being described and/or
connected to a human disease (Pérez-Pérez et al, 2010;
Mediannikov et al., 2008; Jado et al., 2007; Paddock et al., 2004).
The prevalence of Rickettsia spp. in Czech I. ricinus ticks is contin-
uous without a significant variation among years or ecosystems.
The prevalence under 10% is supported by our previous study from
2010 (Venclikova et al., 2014) and by Spitalska et al. (2014) who
reported Rickettsia spp. prevalence 9% in Slovakia. The prevalence
of rickettsiae in I. ricinus ticks in Croatia reached up to 7.9% (Tijsse-
Klasenetal.,2013)and 11.7% in Belarus (Reye et al., 2013). Michelet
et al. (2014) published an extensive study monitoring 37 bacte-
rial and protozoan agents in three European countries (France,
Denmark and the Netherlands), including all agents followed in this
study. The Rickettsia spp. prevalence rates were 14.3%, 10.4-14.3%,
4.5-11.9%, respectively.

There is a number of rickettsial species circulating in Europe
that are pathogenic for human. Clinicians are mostly unaware of
the risks and the diagnosis is delayed or incorrect which can lead
to a treatment failure. New symptoms are being assigned to known
agents and the infections are becoming more severe. The prognosis
is worsened with advanced age, immunodeficiency, or alcoholism
(Parola et al., 2013).

First ‘Candidatus N. mikurensis’ detection reported by Schouls
etal.(1999). The connection of this bacterium to a human infection
(Welinder-Olsson et al., 2010) drew an attention. The prevalence
reported in this study was 0.8-11.6%, depending significantly on

study site and year. Our previous study showed the prevalence
of 0.4% (urban park) and 4.4% (woodland ecosystem) (Venclikova
et al., 2014). Our results correspond to prevalence reports of the
bacterium in Europe: 4.2% in Austria (Glatz et al.,, 2014), 0.2% in
Poland (Welc-Faleciak et al., 2014), 1.9% in Hungary (Szekeres et al.,
2015), 1.1-11.6% in Slovakia (Pangracova et al., 2013; Derdakova
etal.,2014), and 7% in the Netherlands (Jahfari et al., 2012). Exten-
sive prevalence studies are still missing in Europe although an
increasing number of human cases show the need for more data
concerning this pathogen (Welinder-Olsson et al., 2010; Fehr et al.,
2010; Maurer et al., 2013; Pekova et al., 2011). Patients are usually
immunocompromised but a fatal case of a patient with no immune
deficiency was also reported (Von Loewenich et al., 2010). Also Li
et al. (2012) reported a series of seven previously healthy patients
with neoehrlichial infection. To the best of authors’ knowledge, this
is the first observation of ‘Candidatus N. mikurensis’ in engorged
ticks removed from sheep. Interestingly, high prevalence of ‘Can-
didatus N. mikurensis’ in these ticks highlights the need for further
experimental studies (including xenodiagnostic experiments) to
assess possible reservoir role of sheep in maintenance of this
pathogen in specific habitat, where wild rodents-proven vertebrate
reservoirs of ‘Candidatus N. mikurensis’ (Andersson and Raberg,
2011; Jahfari et al., 2012; Burri et al.,, 2014) are not prevalent.
However, another hypothesis for high ‘Candidatus N. mikurensis’
prevalence in engorged ticks should be taken in account, e.g., pos-
sible multiplication of the agent in feeding ticks, and, consequently,
a shift in the agent’s detection threshold in the molecular screen-
ing. This phenomenon was simultaneously documented in ticks
removed from humans and tested for tick-borne encephalitis virus
(Suess et al., 2006). Another explanation could be transmission of
these rickettsiae by co-feeding of I. ricinus female ticks on sheep.
A. phagocytophilum is well established in European ixodid ticks.
The agent has been detected in most countries (Stuen et al., 2013).
The prevalence varies greatly, depending on year and study site:
0.3-25.4% (Cotté et al., 2010; Karbowiak et al., 2014). A year-
to-year variation in prevalence, typical for A. phagocytophilum,
might be affected by global factors like weather condition and
appearance of vector and hosts at the site (Overzier et al., 2013).
According to a recent study (Szekeres et al., 2015), different preva-
lences of pathogens between urban and natural sites might be
explained by different type of habitats, e.g., natural habitats are
open with a broad range of vertebrate hosts (rodents, game ani-
mals), while urban habitats are closed with limited numbers of
hosts (hedgehogs, dogs, cats, synanthropic birds). The prevalence
of A. phagocytophilum found in this study (0-12.1%) falls within
range of the prevalence rates published in our previous study (9.4%
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for urban park and 1.9% for natural ecosystem: Venclikova et al.,
2014) or those reported recently in other European countries: 3.8%
(Derdakova et al., 2014) and 2.7% (Pangracova et al., 2013) in Slo-
vakia, 3.1% in Hungary (Szekeres et al., 2015),11.2% in France, 11.9%
(Grib Skov locality) and 0.4% (Vestskoven locality) in Denmark and
2% in the Netherlands (Michelet et al., 2014).

A.phagocytophilum s the only pathogen in this study with signif-
icant difference in prevalence between tick stages at all three study
sites (adults infected more often than nymphs). But only nymphs
revealed difference in prevalence according to study sites.

Human anaplasmosis is not a reportable disease in most coun-
tries and thus it is impossible to assess its risk for public health
(Edouard et al., 2012). Moreover, the coinfections with Borrelia
burgdorferi or tick-borne encephalitis virus are quite common. In
addition, there are recognized several genetic variants of A. phago-
cytophilum. Overzier et al. (2013) identified 9 variants according to
16S rRNA gene sequences. Different host species were susceptible
to different genetic variants and so far only three variants have been
associated with human cases. The A. phagocytophilum prevalence
and genetic variants depend on study site structure and reservoir
host availability.

According to Jahfari et al. (2014), sequences from groEL
operon delineate ecotypes of A. phagocytophilum more clearly than
sequences of 16S rRNA. All human associated sequences used in
the study clustered in Ecotype L. that also shows the largest range
of hosts. Ecotypes II, Il and IV have roe deer, rodents and birds,
respectively, as dominant hosts.

A multilocus sequence typing scheme was also suggested by
Huhn et al. (2014). Information concerning host species, geo-
graphic distribution and zoonotic potential of certain variant can
be assessed by this method.

Babesiae were present at all study sites in 2013 and 2014, at
Suchov in 2011. Interestingly, all samples tested negative in 2012.
The presence of Babesia spp. in ticks in different ecosystems is not
continuous spatially. We can hypothesize whether the infection
disappears and is later re-introduced or whether it is maintained in
reservoir hosts at a very low level. The lowest prevalence reported
here was detected in urban park in Valtice and the highest in
Suchov, a pastureland where sheep are bred. Babesia prevalence in
European ticks is generally low: 0.9% in Norway (@ines et al., 2012),
1.7% in the Netherlands (Coipan et al., 2013), 0.2-0.3% in France,
0.1-1.4% in Denmark and 0.2-0.8% in the Netherlands (Michelet
et al, 2014).

All three study sites represent diverse ecosystems with different
host availability and human influence. Small mammals and birds
are represented at all sites but probably with different densities.
Well-maintained urban park Valtice does not provide habitat for
larger wild animals (hares, deer) but local ticks can feed on dogs,
cats and birds (occasional hosts). However, hedgehogs might play
animportant role for the maintenance of the agents in an urban area
(Foldvari et al., 2014). Pohansko as a natural woodland ecosystem
with small and larger mammals and birds presents a good offer of
hosts for ticks. On the other hand, vertebrate hosts are here more
dispersed and it might be more difficult to find a suitable compe-
tent host. In Suchov, sheep as the most common hosts are restricted
to defined areas and live in herds. The close proximity of hosts
facilitates the tick’s chance to find a new host and transmit the
infection.

Conclusion

We proved a continuous presence of four tick-borne pathogens
in L. ricinus ticks in the Czech Republic. Although all pathogens occur
in ticks at relatively low frequency, they present the health-risk
for Czech human population. The physicians should be aware of

the infection possibility and consider a tick-borne infection when
nonspecific febrile and other symptoms are present.
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In a set of pooled field collected Dermacentor reticulatus ticks, Rickettsia raoultii, the causative agent of
Tick-borne lymphadenopathy/Dermacentor-borne necrosis erythema and lymphadenopathy, was found
for the first time in Austria. The coordinates of the positive locations for tick and pathogen abundance
are given and shown in a map.

© 2016 Published by Elsevier GmbH.

Tick-borne lymphadenopathy (TIBOLA), Dermacentor-borne
necrosis erythema and lymphadenopathy (DEBONEL) in humans
have been associated with two rickettsial species of the spotted
fever group, namely Rickettsia slovaca and Rickettsia raoultii. The
latter species is more likely to be found in ticks only, whereas R.
slovaca is more often associated with human cases, suggesting this
species to be more pathogenic than R. raoultii (Parola et al., 2009).
But studies on ticks derived from TIBOLA patients in Hungary sug-
gestasimilar role ofimportance for both pathogen species (Féldvari
et al, 2013).

Although data on the occurrence of these bacterial species and
their two main tick vectors, namely Dermacentor marginatus and
Dermacentor reticulatus, exists from many European countries such
as Croatia, France, Germany, Hungary, the Netherlands, Poland,
Portugal, Slovakia, Spain and United Kingdom (Foldvari et al., 2013;
Lakos, 1997; Spitalska et al., 2012; Szekeres et al., 2016; Tijsse-
Klasen et al.,2010), there is little information on this topic available
for Austria. Until now the only confirmed Rickettsia species in
Austria is Rickettsia helvetica from Ixodes ricinus (Blaschitz et al.,
2008). However, during a screening of ticks originating from dogs,
indications for the occurrence of R. raoultii in Austria were found
(Wijnveld et al., 2015). There are sporadic reports of D. reticulatus
ticks (Rubel et al., 2016), however there is a lack of clear informa-
tion on the distribution of the tick species and the pathogen in this
region. Even though Austriais a small country, the presence of these
ticks and bacteria could be of great importance due to its location
in the centre of Europe and the potential impact on neighbouring
countries.

In order to obtain data on the presence of Dermacentor ticks
and their pathogens, field surveillance was conducted during April
and May 2015. Host-seeking ticks were sampled in several suitable
habitats along the Danube and March Rivers, at Neusiedler See and
in southern Austria by using the flagging method (Fig. 1). The ticks
were identified and only D. reticulatus specimens were further pro-
cessed. A total of 153 D. reticulatus adults, comprising 80 females
and 73 males, were identified. They were merged in 32 pools (aver-
age: 4.8 individuals per pool; maximum: 8 individuals per pool),

http://dx.doi.org/10.1016/j.ttbdis.2016.02.022
1877-959X/© 2016 Published by Elsevier GmbH.

depending on collection date, location and sex, then homogenised
in phosphate buffered saline without antibiotics, and split into two
parts. The main aim of the study was to test for Rickettsia spp.
but also other pathogens were considered. Therefore one part of
the homogenised ticks was resuspended in PBS and was inocu-
lated subcutaneously in adult ICR SPF mice to detect Francisella
tularensis: (Hubalek etal., 1998), and the other used for DNA extrac-
tion and subsequent molecular analyses. The DNA was extracted as
previously described (Venclikova et al., 2014) and the pools were
screened for bacteria such as Anaplasma sp., Ehrlichia sp., ‘Candi-
datus Neoehrlichia mikurensis’, Rickettsia spp. and protozoa such
as Babesia spp., Hepatozoon sp. and Theileria sp. by using molecular
tools published elsewhere (HodZic et al., 2015). Out of the 32 tick
pools, 21 (65%) delivered positive results with the Rickettsia specific
PCR, but negative results were obtained with all other pathogens
tested (including F. tularensis). DNA of Rickettsia sp. was identified
on each site D. reticulatus was found. Due to the fact that the pool
size varied, the minimum infection rate was calculated under the
assumption that per positive pool at least one individual was posi-
tive. The sum of the average mean ratio of each pool divided by the
number of pools was used to give a rough estimation of the mini-
mal infection rate in the samples and was used to calculate a 95%
confidence interval by using Excel® 2002 (Microsoft, Washington):
14.9%[10.3-19.5%]. In order to determine the Rickettsia species, two
PCRs were performed, one targeting the gltA gene (382 bp ampli-
con) and one the ompA gene (632 bp amplicon) (Roux et al., 1996).
All pools were screened with ompA whereas for gltA two were ran-
domly chosen (Nr. 3 and Nr. 26). The sequences obtained were
100% identical to each other and during Blast® search, a 100% [e.g.
Genbank® HM161792] and 99% [e.g. Genbank® KT261764] iden-
tity to R. raoultii was confirmed for ompA and gltA, respectively.
The sequences for ompA and gltA are deposited on Genbank® [for
gltA: KT895941, for ompA: KT895942].

Both D. reticulatus and R. raoultii are abundant in Austria repre-
senting a public health threat. The minimum estimated prevalence
of 14.9% in the ticks is rather low in comparison to other studies on
individual samples from Poland and Germany, where in both cases

Please cite this article in press as: Duscher, G.G., et al., First report of Rickettsia raoultii in field collected Dermacentor reticulatus ticks
from Austria. Ticks Tick-borne Dis. (2016), http://dx.doi.org/10.1016/j.ttbdis.2016.02.022
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VectorNet, ECDC and EFSA 2015

Fig. 1. Sampling locations in Austria where D. reticulatus is not abundant (white dots) as well as positive sites for D. reticulatus and R. raoultii (red dots). [WGS84 coor-
dinates of the positive sites: 16.307638/48.356777; 16.299482/48.361061; 16.235937/48.372559; 16.179079/48.377647; 16.097589/48.359829; 16.865215/48.466549;
16.912508/48.657692; 16.644266/47.873352]. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

56.7% of D. reticulatus were positive for R. raoultii (Chmielewski
et al., 2009; Silaghi et al., 2011). But it is almost similar to Slovakia
where 22.3% of the D. reticulatus collected from vegetation were
positive for R. raoultii (Spitalska et al., 2012) or the United King-
dom with 27% Rickettsia sp. (mainly R. raoultii) positive D. reticulatus
(Tijsse-Klasen et al., 2010). Anyhow, a higher focal prevalence from
57.8%vs.15.5%in the whole country already has been reported from
Hungary (Hornok et al., 2010; Szekeres et al., 2016). Additionally,
variations between the studies based on different molecular meth-
ods and sensitivities have to be considered. However the value of
the pooled samples in this study needs to be investigated by testing
individual analysis in the future to determine the actual prevalence
and not only the minimum infection rate.

Additionally, further efforts are needed to identify more sites of
D. reticulatus occurrence as well as their pathogen load in Austria.
Anyhow, this observation increased our knowledge on the dis-
tribution of the pathogens in the D. reticulatus and it is clearly
demonstrated that this pathogen is circulating in ticks populations
in Austria.
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Protilatky k virtim pirenosnym komary u stiredocéeské
populace z oblasti zasaZzené povodni v roce 2002

Hubilek Z.!, Zeman P.%, Halouzka J.!, Juiicova Z.!, Stovigkova E.%, Bilkova H.?
Sikutova S.', Rudolf I.!

1Ustav biologie obratlovet AV CR Brno — oddéleni medicinské zoologie Valtice
Zdravotni ustav se sidlem v Koliné
SKHS Stredoceského kraje se sidlem v Praze — dizemni pracovisté Mélnik

Souhrn

Ve stiedoéeském zatopovém tizemi bylo pomoci hemaglutinaéné-inhibiéniho testu (HIT) a plak-re-
dukéniho neutralizaéniho testu (PRNT) vySetfeno 497 mistnich obyvatel na protilatky proti komary
pfenaSenym virtim Tahyta (TAHV), West Nile (WNV), Sindbis (SINV) a Batai (BATV; synonymum
Calovo). Krevni vzorky byly odebrany v za#i 2002 po kulminaci povodné v dobé kalamitniho vyskytu
komaru. Séra 16,5 % vysetfenych osob obsahovala protilatky neutralizujici TAHV (v HIT reagovalo
14,9 % osob). Proti WNV v HIT sice reagovalo 6,8 % a v PRNT 1,2 % osob, oviem za souéasné reakce
s virem klistové encefalitidy (KE); vysledek byl interpretovan jako zkfiZzena reakce, a agens vyvola-
vajicim imunitni odpovéd byl z¥ejmé virus KE. Protilatky k SINV i BATV byly prokazany v HIT
u 1,4 % osob; v PRNT se vSak podafilo prokazat protilatky k BATV pouze u 1 osoby (0,2 %). Rozbor
séroprevalence k TAHV v PRNT (obdobné i v HIT) ukazal jeji nezavislost na pohlavi (15,8 % u muzi,
16,9 % u Zen), priukazné stoupajici miru s vékem (1,4 % u osob mladsich 20 let, 11,2 % u osob mezi 20
a 50 lety, 26,2 % u osob starsich 50 let) a s intenzitou postiZzeni mista bydli§té komari kalamitou (v
kontrolni z6né D - pFevainé Praha - bylo séropozitivnich pouze 5,0 % osob, v zéné C 14,7 %, v zoné
B 20,5 %, a v nejrizikovéjsi zaplavové zoné A s maximem vyskytu kalamitnich komari 28,0 % osob);
nejvys$si séropozitivita (> 25 %) byla zaznamendna u obyvatel obci Obfistvi, Kozly, Tuhai, Chrast,
Chlumin a Hostin. Druhé (parové) krevni vzorky byly odebriny od 150 osob z téhoZ souboru
s odstupem 6 mésicii: k infekei virem Tahyiia béhem povodné anebo na podzim po ni doslo u jedné
obyvatelky Obiistvi (sérokonverze v HIT i PRNT), méné presvédéivé vysledky byly zaznamenany
u dalsich 3 osob, obyvatel Chlumina a ObFistvi (sérokonverze ¢i prukazné zvy$eni titru protilatek
se projevilo pouze v HIT). Na§ vyzkum tak indikoval existenci pfirodniho ohniska valtické horecky
(infekce TAHV) podél toku Labe v okoli mésta Neratovice (Obfistvi, Chlumin, Tuhai; Kozly, TiSice,
Chrast). Nizka aktivita TAHV byla zjisténa na dolnim toku Vltavy od Zlonéic az po Bukol/Zilezlice.
Zvyseni populaéni denzity komara po zaplaviach muze vytvofit podminky pro vétsi incidenci
virovych nikaz jimi pfenosnych, v podminkach stfednich Cech, konkrétné valtické horecky. Opti-
malni systémovou strategii pro kontrolu téchto niakaz je epidemiologicka surveillance (zahrnujici
monitorovani poéetnosti komara a jejich promorenosti viry v p#irodnich ohniscich), na jejimz
zakladé je moZno navrhovat a uskute¢novat preventivni protiepidemicka opatieni, nap¥. integro-
vanou kontrolu populaci komari.

Kli¢ova slova: koma#i ~ Culicidae - Tahyia virus - West Nile virus - Sindbis virus - Batai virus -
Calovo virus - povoden.

Summary

Hubalek Z., Zeman P., Halouzka J., Juricova Z., Sikutova S., Rudolf 1.: Antibodies
Against Mosquito-born Viruses in Human Population of an Area of Central Bohemia
Affected by the Flood of 2002

In the Central-Bohemian area affected by the flood of 2002, 497 residents were screened for
antibodies against the mosquito-borne viruses Tahyha (TAHV), West Nile (WNV), Sindbis (SINV) and
Batai (BATV; syn. Calovo) using the haemagglutination-inhibition (HIT) and plaque-reduction
neutralization (PRNT) tests. Blood samples were collected in September 2002 when the mosquito
populations showed the maximum density following the flood. Antibodies against TAHV (16.5 %
persons in PRNT, 14.9 % in HIT), SINV (1.4 % in HIT) and BATV (1.4 % in HIT, 0.2 % in PRNT) were
detected. Although 6.8 % and 1.2 % of the subjects tested reactive with WNV in HIT and PRNT,
respectively, the results were interpreted as cross-reactivity with tick-borne encephalitis virus. The
seroprevalence of TAHV (both in PRNT and HIT) showed no association with gender (15.8 % of males,
16.9 % of females), increased with age (1.4 % of persons younger than 20 years, 11.2 % of persons aged
between 20 and 50 years, and 26.2 % of persons older than 50 years were positive), and correlated
with the mosquito peri-residential challenge (5.0 % residents seropositive in a mosquito-free control
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zone D - mostly Prague, 14.7 % in a mild-risk zone C, 20.5 % in a moderate-risk zone B, and 28.0 % in
the most heavily mosquito-infested risk zone A). The highest TAHV seropositivity rate (> 25 %) was
found amongst the inhabitants of the villages Ob#istvi, Kozly, Tuhaii, Chrdst, Chlumin and Hostin.
Paired blood samples were obtained from 150 of the persons at a 6-month interval: an infection
episode with TAHV during or after the flood was clearly evidenced in one person living in Ob¥istvi,
and less convincing findings of recent TAHYV infections were found in other three residents of
Chlumin and Ob¥istvi (seroconversion and/or significant antibody titres increase detected in HIT
only). This serosurvey indicated the existence of an active natural focus of Valtice fever (TAHV
infection) stretched along the river Labe nearby Neratovice (Obfristvi, Chlumin, Tuhai; Kozly,
Tisice, Chrast), and a low TAHV activity area along the lower reaches of the river Vitava between
Zlonéice and Bukol/Zalezlice. An increased population density of mosquitoes after the flood may
have boosted the incidence of mosquito-borne virus diseases, particularly Valtice fever, in Central
Bohemia. An optimum prophylactic strategy to control these diseases would be epidemiological
surveillance (including monitoring of both the density of mosquitoes and their rate of infection with
viruses in natural foci) on the basis of which antiepidemic measures such as integrated mosquito
control can be taken.

Key words: mosquitoes - Culicidae - Tahyiia virus - West Nile virus - Sindbis virus ~ Batai virus -

Calovo virus - flood.

V novodobé historii Ceské republiky doslo roku
2002 v pomérné velmi kratkém éasovém rozpéti (po
povodni v éervenci 1997, jeZ postihla ptevazné Mo-
ravu) jiZz podruhé ke katastrofdlnim zdplavam, ten-
tokrat predeviim v Cechach, které po neobyéejné
silnych destovych srdzkdch devastovaly od polovi-
ny srpna mj. také dolni tok Vltavy véetné sirsiho
tzemi jejiho soutoku s Labem: nap¥. na Mélnicku
bylo poéinaje 15. srpnem zatopeno pies 30 obci,
a ndsledné znifeno vice nez 300 dom (29). V této
oblasti, kterd se i za normadlnich okolnosti vyzna-
¢uje pomérneé pravidelnym sezénnim vyskytem ko-
madrl, zejména v luznich lesich na soutoku obou
tek, doslo od 20. srpna misty aZz k masovému lih-
nuti komart ptredev§im ,kalamitnich® druht
Ochlerotatus sticticus, Aedes vexans a Ae. cinereus,
jez kulminovalo 3.-9. za#{ intenzitou az 70 ndletd
samic na ¢lovéka za minutu; abundance komari,
poklesla pak dosti prudce v druhé poloviné z4¥, ale
posledni jedinci vymizeli teprve v poloving listopa-
du (35-37). Od 24. srpna muselo byt na Mélnicku
provedeno nékolik leteckych a pozemnich posttika
nejohrozenéjsich lokalit adulticidnim insekticidem
Aqua Reslin Super (s aktivni ldtkou permethri-
nem). .

Kalamitné pfemnozeni koméa¥i jsou nejen trapici
Clovéka, negativné ovliviiujicimi jeho aktivitu
a zdravotni stav, ale mohou pfenaset i nékterd na-
kazliva onemocnéni. Na Mé&lnicku se vyskytuji ko-
mati 18 druhi (33, 35-37) s dominujicimi kalamit-
nimi druhy rodt Aedes a Ochlerotatus, vazanymi
na luZni ekosystém s periodickou inundaci. Jejich
larvy se lihnou z vaji¢ek nakladenych na ptdé (kde
mohou ptezit fadu let) aZ po jejim vysuSeni a opé-
tovném zaplaveni. Na vétsiné plochy tohoto izemi
jsounavic pomérné silné populace obratlov¢ich hos-
titeld — volné Zijicich savch a ptaku, pfedstavuji-
cich v nékterych pfipadech sou¢asné amplifikatory
komaéry pfendsenych viri. Tim jsou vytvoreny po-
tencidlné p¥iznivé ekologické podminky pro exi-

stenci a perzistenci p¥irodnich ohnisek ndkaz viry
prenosnymi komadry.

N4s odhad pfi formulaci predklddané studie byl
zaloZen na znalosti skladby stfedodeské fauny ko-
maru ¢itajici 26 druht (tab. 1), a ptedpokladal moz-
nost potencidlniho vyskytu ndkaz élovéka étyfmi
viry, které byly v Evropé z téchto druht komar jiz
izolovany: Tahyna, a s niz&i pravdépodobnosti
West Nile, Batai (Calovo) a Sindbis (11, 14). K po-
souzeni miry rizika nakazy élovéka viry pFenosny-
mi komdry ve stfedofeském zdtopovém dzemi bylo
provedeno vySetfeni mistnich obyvatel na p#itom-
nost protilatek k uvedenym agens. Takova vySet-
Feni v tomto regionu nebyla dosud kupodivu reali-
zovana. Pouze ve stfednim Polabi mezi Pferovem
n.L. a Starou Boleslavi bylo pfed 30 lety jednora-
zové vySetfeno hemaglutinaéné-inhibi¢nim testem
84 osob, pfitemz byly prokdzdny protildatky k viru
Tahyfla u 9,5 % z nich; nejvySsi séroprevalence
byla zaznamendna u Celdkovic a Sedl¢dnek:
15,5 % (21). Hlavnim déelem naseho projektu bylo
stanoveni frekvence vyskytu protilatek k arboviru
Tahytia a dalsim tfem vyse uvedenym virim pie-
nasenym komadry u obyvatel obci povodiiového vze-
mi.

Material a metodika

Vzorky krve a lokality jejich odbéru

Zaplavou postiZzené dzemi bylo rozélenéno do dvou oblasti (I,
1II), a oblast I navic do t¥ zén (A, B, C) podle éetnosti vyskytu
komar.
I. Rizikovd zdtopova oblast

Zdéna A: oblast luznich lesd tahnouci se v ifce asi 1-1,5 km
po obou biezich Labe v useku Ob#istvi/Kly po Lobkovice/Kozly
(vyse proti proudu se vzedmuti hladiny neprojevilo), cha-
rakteristickd maximem vyskytu kalamitnich komard rodu Ae-
des a Ochlerotatus. Obce zény A: Dusniky, Chrast, Kly, Kozly,
Libis, Lobkovice, Mlékojedy, Ob¥istvi, Tisice, Tuhani a Vétrusi-
ce.

Epidemiologie, mikrobiologie, imunologie
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Tab. 1. Fauna komart st¥ednich Cech (ref.: 25, 32-37, 41, 42), a viry izolované z téchto druht v Ceské republice nebo (*) v jinych

zemich Evropy (ref.: 14)

Table 1. The fauna of mosquitoes of Central Bohemia (ref.: 25, 32-37, 41, 42), and viruses isolated from these species in the Czech
Republic or (*) other European countries (ref.: 14)

Druh kom4ra { Cetnost vyskytu Izolované viry
Anopheles claviger dosti vzacny *Batai
An. maculipennis nehojny Batai, *West Nile
An. messeae nehojny -
An. plumbeus vzdcny -
Aedes cinereus hojny Tahytia, *Sindbis
Ae. vexans velmi hojny Tahyha
Ochlerotatus annulipes hojny -
Oc. cantans hojny Tahyria, *West Nile
Oc. cataphylla dosti hojny ~-
Oc. communis nehojny *Sindbis, *Tahytia
Oc. dorsalis nehojny Tahytia
Oc. excrucians | dosti hojny *Tahytia (vzdcng)
Oc. flavescens nehojny *Pahyria
Oc. geniculatus | nehojny -
Oc. leucomelas vzieny -
Oc. pulchritarsis 1 vzicny -
Oc. punctor vzacny -
Oc. sticticus —L velmi hojny Tahyha (vzécng) ]
Culex pipiens Thojny West Nile, *Sindbis !
Cx. territans [ vzdcny - {
Culiseta alaskaensis ' vzdeny —-
. Cs. annulata . nehojny Tahyha
Cs. glaphyroptera T vzacny -
E Cs. morsitans ; vzacny -
; Cs. subochrea ‘ vzdcny -

| Mansonia richiardii

| dosti vzdeny

*Batai, *West Nile, *Sindbis

Zéna B: piechodné tzemi mezi zénou A a C, s méné vyznam-
nymi lokdlnimi lihniéti a/nebo moZznosti zaletu komart z luz-
nich lesu (tj. ze zény A). Obce zény B: Chlumin, Kostelec n.L.,
Kozédrovice, Luzec n. VIt., Neratovice, Zalezlice.

Zéna C: oblast podél Vitavy a Labe mezi Kralupy n. Vit.
a Hornimi Poc¢aply bez luznich lest, kde doslo v lagundch jen
lokalné k vyznamné&jsimu vyvoji komard rodu Culex. Obce
a mésta zény C: Bukol, Dédibaby, Dolany, Dolni Befkovice,
Horni Poéaply, Hostin, Kralupy n. Vit., K¥ivenice, K¥ivousy,
Lobecek, Mélnik, Nova Ves, Nelahozeves, Nové Ouholice, Odo-
lena Voda, Spomysl, Staré Ouholice, Veltrusy, Velvary, Vliné-
ves, Vodochody, Vojkovice, Viestudy, Zlonéice.

II. Kontrolni oblast

Zéna D, s velmi omezenym anebo nulovym vyskytem komara
(pFedev$im mésto Praha, ddle St&ti, Mlad4 Boleslav, Hradistko,
Knézicky).

Krevni vzorky byly odebrany ve dnech 6.-13. 2a#f 2002 (tedy
asi 3 tydny po kulminaci povodné na Mélnicku a 2 tydny po
zatatku lihnuti komara) od 497 osob riznych vékovych skupin
z vyse uvedenych lokalit, jez navstivily 1ékafe v ambulancich
nebo v pojizdnych laboratofich uréenych pro bezplatné vysetfe-
ni osob na virovou hepatitidu. Vzorky byly ziskany s informo-
vanym pisemnym souhlasem pacienta (zahrnujicim mj. pasaz,
e ,poskytnuty vzorek mize byt pouzit také pro epidemiologicky
prazkum mozného vyskytu jinych ndkaz v disledku povodni,
jako jsou onemocnén{ pfenosnd komary“). Krevni séra byla pak
uchovavana pii -20 °C a transportovdna zmrazend k vySetieni
do laboratore UBO AVCR ve Valticich. Druhé (parové) vzorky
krevnich sér se podafilo odebrat s odstupem 6 mésicd od 150
osob z prvého souboru ve dnech 9. dubna az 15. kvé&tna 2003

(84 osob ze zény A, 43 osob zény B a 73 osob zény C). Tyto druhé
vzorky sér byly rovnéz uchovavéany a% do vysetfeni p¥i -20 °C.
Hemaglutinaéné-inhibiéni test (HIT)

Nativni séra byla extrahovdna acetonem a vysycena house-
#imi erytrocyty (18). Antigeny virt byly p¥ipraveny standardni
metodou sacharézo-acetonové extrakce (5). Kmeny a pasaze
pouZité pro p¥ipravu jednotlivych antigent zahrnovaly: 92
(SMys) viru Tahyha (TAH: 3); Eg-101 (SMig) viru West Nile
(WN:28); 184 (SMy) viru Batai (BAT: 2); EgAr 339 (SM19) viru
Sindbis (SIN: 43); a komeréni antigen viru klifové encefalitidy
(KE, Test-Line s.r.0.). Vlastni test byl proveden podle stan-
dardni metody (5) s pouZitim 8 jednotek hemaglutininu. Do
jamek v mikrodestitkach s 96 V-jamkami byla nafedéna
v 0,4 % bovalbuminu v bordtovém pufru (pH 9) dvojkovou fadou
séra v objemu 25 ul a ponechédna s antigenem (25 pl) v chladnié-
ce pfes noc; poté bylo pfiddno 50 ul suspenze erytrocytd, a vy-
sledek byl ode¢ten po 1 h. v chladniéee (19). Do testd byla
zatazena pozitivni a negativni kontroln{ séra (Imuna Sarisské
Michalany, Test-Line); za pozitivni byly povazovény titry vyssi
nez 1:20.

Plak-redukéni neutralizaéni test (PRNT)

Nativni séra byla pfed vySetfenim inaktivovéna 30 min/56
°C. V testech byly pouZity nésledujici kmeny (a jejich paséZe):
T-16 (SMs) viru TAH (4); Eg-101 (SMj7) viru WN; Hypr
(HeLassM10SM1) viru KE; a 184 (SM1) viru BAT. Test byl
proveden v mikrodesti¢kach fy. Sarstedt s 96 jamkami s plo-
chym dnem: po inkubaci (60 min/37 °C) smési 30 pl viru (20-50
plakovych jednotek, PFU) v médiu L-15 s 30 ul fedéného séra
bylo pfiddno 60 pl suspenze bun&k Vero (SPEV u viru KE)
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TAHV: PRNT_50

1:32 184 1:128 1:258 1512 1:1024 1:2048

Obr. 1. Rozdgleni titra protilstek neutralizujicich virus Tahyna
v PRNT (n = podet osob)

Fig. 1. Distribution of titres of antibodies to Tahyfia virus in
PRNT (n = number of seroreactors)

v médiu L-15 s 3 % inaktivovaného fetalniho teleciho séra (Flow
Laboratories), po inkubaci 4 h/37 °C pak 120 ul karboxymetyl-
celulézového prelivu s L-15 a 3 % fetdlnfho séra, a zdvéreéna
inkubace probihala podle druhu viru 4-6 d./37 °C (13, 26). Do
test byla zafazena pozitivni a negativni kontrolni séra, a jako
pozitivni byla hodnocena ta vySetfovan4 séra, kterd vyvolala ve
screeningu pfi fedéni 1:8 minimdlné 90% sniZeni poétu PFU.
Viechna takto reagujici séra byla dodateéné titrovana v sério-
vém fedéni dvojkovou Fadou, a zvliast byly hodnoceny titry
snizujici potet PFU o 50 % (PRNTs0) a 90 % (PRNT90). Pro
vylouéeni zk¥iZené flavivirové reaktivity byla viechna séra rea-
gujici s WNV dodateéné testovana v PRNT také s virem KE na
embryondlnich prase¢ich buikdch SPEV. Zatimco s viry TAH
a WN byla v PRNT vySetfena séra viech osob, s BATV byl
PRNT pouzit pouze jako test konfirmaéni u osob reagujicich
s antigenem tohoto viru v HIT.

Vysledky

Prevalence protildatek k virtim pfenosnym
komaéry
Virus Tahyria

Séra 82 osob z 497 vysetfenych (16,5 %) obsaho-

a v HIT reagovalo 74 osob (14,9 %). Titry TAHV
protildtek kolisaly v PRNT;, 0d 1:32 do 1:2048 (geo-
metricky primér 1:260), v PRNT,, od 1:16 do
1:1024 (geom. prumér 1:119), a v HIT od 1:20-40
do 1:160 (geom. pramér 1:40); rozloZeni titri neu-
tralizaénich protildtek ukazuje obr. 1. Byla zjists-
na dobra shoda séropozitivity mezi PRNT a HIT:
64 osob reagovalo v obou testech, 18 pouze v PRNT,
10 pouze v HIT, a 405 v Zadném z obou testa.

Rozdil mezi pohlavimi v prevalenci protilatek
neutralizujicich TAHV byl statisticky neprikazny
(x*=0,107; P = 0,744): séropozitivnich v PRNT bylo
15,8 % z 202 vySetfenych muzt a 16,9 % z 295 vy-
getfenych Zen.

Analyza protilatek k TAHV podle vékovych sku-
pin (tab. 2) prokazala vyrazné heterogenni distri-
buci séropozitivity, s rostouci mirou prevalence ve
vyssich vékovych kategoriich (x°* = 39,809; P <
0,001). U osob mladsich 19 let byly zji&t&ny proti-
latky k TAHV jen ojedinéle (5lo o 6letou divku
z Dédibab), coZ indikuje nizkou aktivitu TAHV ve
st¥ednich Cechéch v obdobi poslednich 20 let.

PFirozboru distribuce protilatek neutralizujicich
virus Tahyha podle mista bydlisté (tab. 3, obr. 2)
byla zjisténa nejvys$si prevalence v zdplavové zéné
A s nejvySSim vyskytem komadrt (28,0 % pozitiv-
nich osob), ponékud niz&i v zéné B (20,5 %), jests
niz§i v zéné C (14,7 %), zatimco v kontrolni zéné D
bylo séropozitivnich pouze 5,0 % osob. Rozdil v sé-
roprevalenci mezi zénami je signifikantni (x* =
14,574; P = 0,002): prukazné nejnizsi je prevalence
v z6né D, a vyznamné se lis{ také séroprevalence
v z6né A oproti C (x* = 7,243; P = 0,007), ne viak
z6na A od B nebo B od C. Obdobné vysledky posky-
tla analyza séropozitivity v HIT. Detailni rozbor
podle obci v rdmci zény A (poéet v PRNT séropozi-
tivnich/vySetienych osob): Obfistvi 10/38, Kozly

vala protildtky neutralizujici virus Tahyna,

Tab. 2. Srovnéni prevalence protilatek neutralizujicich virus Tahy#a v zdvislosti na véku osob po povodnich ve stfednich Cechach
roku 2002 (SC 2002) a na jizni Moraveé roku 1997 (JM 1997 —ref.: 11, 15, 17); n, podet vySetfenych osob

Table 2. Comparison of the prevalence rates of human Tahyfa virus neutralizing antibodies between age categories as recorded
after the floods in Central Bohemia, 2002 (SC 2002) and southern Moravia, 1997 (JM 1997 —ref.: 11, 15, 17); n, no of persons tested

Vek (rokd) | <10 | 10-19 | 2020 | 3039 | 4049 | 5059 | 6069 | 70+ |
SC 2002
n 18 53 74 69 62 | 86 78 57
Podil pozitivnich 5,6 % 0,0 % 5,4 % 174 % 113% | 198% | 321% | 281%
JM 1997
n 39 49 128 79 80 | 90 59 95
| Podil pozitivnich 0,0 % 8,2 % 195 % 63,3 % 625% | 8L1% | 197% 884% |

Tab. 3. Prevalence protildtek neutralizujicich virus Tahyna v zavislosti na mist& trvalého bydlisté osob podle zén A az D (viz
Materidl a Metody) po povodnich ve stfednich Cechach roku 2002

Table 3. Prevalence rates of Tahyiia virus neutralizing antibodies after the flood of 2002 in Central Bohemia in relation to the
place of residence (risk zones A to D) of the persons tested

| Zsplavovéd zéna A B C D
n 75 _83 279 60
Podil pozitivnich 28,0 % 20,5 % 14,7 % 5,0 %
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Obr. 2. Potencislni ohniska komdry pfenosnych viréz na Mélnicku — luZni lesy identifikované na satelitnich snimcich Landsat
MSS (prerusovand ¢dra) — na pozad{ ¥éni sité a sidel (DMU-200, VTOPU Dobrugka) a proporce TAHV — séropozitivnich osob ve
vySetfovanych lokalitdch; zona A je vyznaéena velkymi, zéna B stfednimi a zéna C malymi krouzky. Insert B: satelitni radarovy
snimek soutoku Labe a Vltavy ze 17. 8. 2002 ukazuje rozliv vody (éerné plochy) dva dny po kulminaci povodné; zatopené luzni
lesy s ndslednym kalamitnim vyskytem komdra r. Aedes lze identifikovat jako svétlé plochy podél Labe a pii soutoku Vltavy
vystupujici nad vodni hladinu, laguny v polich vyse proti toku Vltavy (vlevo) a dale od Labe (vpravo) se staly lihnisti koméart
prevazné r. Culex

Fig. 2. Potential foci of mosquito-borne viruses in the Mélnik area — floodplain forests identified on Landsat MSS satellite images
(dotted linet — with hydrology and settlement in background (DMU-200, VTOPU Dobrugka), and the proportion of TAHV —
seropositive residents at particular localities (large, medium and small circles indicate sites placed to the risk zone A, B and C,
respectively). Insert B: a radar satellite image of the conflux of the rivers Labe and Vltava on August 17, 2002 shows the extent of
floodwater (dark areas) two days after the flood culmination; inundated forests with subsequent massive occurence of Aedes
mosquitoes are visible as light areas surrounding the river Labe upstream of the conflux, and scattered lagoons seen in fields along

both rivers far left and right turned to breeding sites of predominantly Culex mosquitoes

4/10, Tuhani 3/7, Chrast 3/6, Tisice 1/3, ostatni
negativni — oviem s nizkym poétem vySetfenych
osob (Dudniky 0/4, Vétrusice 0/1, Kly 0/3, Mlékoje-
dy 0/1, Lobkovice 0/2). V z6né B byla zaznamendna
séropozitivita u obyvatel obci Chlumin 13/42, Za-
lezlice 2/15, Luzec n. VIt. 1/13 a Neratovice 1/12,
ostatni obce byly ,negativni“ (Kostelec n.L. 0/1,
Kozarovice 0/1). V zéné C byly ,.,pozitivni“ obce Dol-
ni Berkovice 4/29, Horni Poéaply 10/71, Nelahoze-
ves 3/16, Hostin 5/19, Kralupy n. VIt. 6/49, Veltrusy
2/11, Dédibaby 3/12, VSestudy 3/14, Bukol 2/9,
Nové Ouholice 1/5, Vojkovice 1/4, Zlon¢ice 1/3; ,ne-
gativni“ byly ostatni obce ¢i mésta (Dolany 0/1,
Kiivenice 0/16, Mélnik 0/2, Staré Ouholice 0/3,
Spomysl 0/2, Odolena Voda 0/2, Vlinéves 0/2, Lobe-
¢ek 0/1, Nova Ves 0/1, Ktivousy 0/4, Vodochody 0/1,
Velvary 0/1). V kotrolni zéné D byla pozitivita za-

znamendna jen ojedinéle (nap¥. u obyvatel Prahy
2/54). Jestlize jsme analyzovali prevalenci séropo-
zitivnich osob v zénach A az C podle vzdalenosti
mista jejich bydlisté od okraje luzniho lesa, obdrzeli
jsme nésledujici podily (v zdvorce podet vySette-
nych osob): < 1 km 28,2 % (78); 1,0-2,9 km 21,3 %
(75); 3,0-5,9km 17,1 % (70); > 6,0 km 13,6 % (214).
Heterogenita tohoto rozdéleni je statisticky pru-
kazna (y* = 8,515; P = 0,003) a potvrzuje klesajici
podil séropozitivnich osob s rostouci vzdélenosti
jejich bydlisté od luzniho lesa.

Virus West Nile

Proti WNV nebyla zjisténa 24dna specifickd re-
akce: v HIT sice reagovalo celkem 34 osob (6,8 %)
v titrech 1:40 az 1:80, ale vSechna tato séra reago-
vala v HIT rovnéz s antigenem viru KE v titrech
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Tab. 4. Jedna prokédzand (¢. 578/23) a t¥i mo%né recentni infekce osob virem Tahyiia po povodni ve stiednich Cechach v roce 2002.
Prvni vzorky jsou ze zaff 2002, druhé z dubna 2003; uvedeny reciproké titry protildtek

Table 4. One confirmed (no 578/23) and three possible cases of recent infection with Tahyria virus after the flood of 2002 in Central
Bohemia. The first and second blood samples were taken in September 2002 and April 2003, respectively (shown are reciprocal

titres of antibodies).
¢. prot. Sex, vék HIT | PRNT
1. vzorek 2. vzorek ! 1. vzorek 2. vzorek
479/21 M, 40 20-40 80 ’ 128 128
503/35 M, 32 <20 20—40 128 64128
538/37 F, 80 2040 80 64 32
578/23 F, 55 <20 2040 <8 512

pFiblizné stejnych anebo vy$sich (az 1:160), takze
tyto vysledky lze interpretovat jako zkiiZené reak-
ce s antigenné pribuznym flavivirem KE, ktery se
v této oblasti miZe vyskytovat anebo proti kterému
mohly byt nékteré osoby ofkovany. V. PRNT,, rea-
govalo s WNV jen 6 osob (1,2 %) oviem ve velmi
nizkém titru 1:8 az 1:16, a soudasné tato séra rea-
govala v PRNT nebo v HIT s virem KE, takZe reak-
ce byla opét interpretovdna jako zkiiZend; agens
vyvoldvajicim imunitni odpovéd byl zfejmé virus
KE. V PRNT;, reagovalo sice s WNV vice osob, 42
(tj. 8,5 %), ale opét §lo vesmés o nizké titry 1:8 a%
1:32 a soulasné zk¥iZené reakce s virem KE, jako
bylo ovéfeno v HIT i PRNT.

Virus Sindbis

Protilatky k viru Sindbis byly zjistovany pouze
pomoci HIT, a prokazany u 7 osob (1,4 %), titry
byly pomé&rné nizké — 1:20 az 1:40.

Virus Batai (Calovo)

V HIT byly prokazany protilatky u 7 osob (1,4 %)
v nizkém titru 1:20, ale p¥i ovéfovani téchto pozi-
tivnich sér v PRNT se podatilo prokdzat specifické
protilditky pouze u jednoho séra (0,2 %), titr
v PRNT,, ¢inil 1:64,

Recentni infekce viry pfeniasenymi komary
Parové krevni vzorky byly odebrany 150 osobdm
s odstupem 6 mésicd. Sérokonverze anebo prikaz-
ny vzestup titru protilatek mezi prvnim a druhym
vzorkem séra byl zjidtén jen s virem Tahyia v né-
kolika malo p¥ipadech (tab. 4). K infekci béhem
povodné anebo na podzim po ni doslo jisté u osoby
¢. 578/23 (obyvatelka Ob#istvi, zéna A), jak potvr-
dila sérokonverze v PRNT i HIT. Méné& presvgdéivé
vysledky byly zaznamendny u dalsich 3 osob, u kte-
rych se projevila sérokonverze & prikazné zvyseni
titru protilatek pouze v jednom testu — HIT: ¢&.
479/21 (bydlist& Chlumin, zéna B); &. 503/35 (byd-
listé Chlumin); & 538/37 (bydlisté Obiistvi). Je
nutno poznamenat, Ze protilatky virus neutralizu-
jici se objevuji po infekci TAHV diive neZ hemag-
lutinaci-inhibujici. Klinické anamnézy téchto osob
s predpoklddanou recentni infekci virem 'I‘ahyfla

se nepodafilo ziskat. Sérokonverze proti sledova-
nym arbovirdm nebyla zjisténa u Zddné ze 73 vy-
Setfenych osob ze zény C.

Diskuse

Sérologicky ptehled obyvatel stiednich Cech po
srpnovych povodnich roku 2002 nezjistil aktudlni
cirkulaci komary p¥enosnych vird West Nile, Sin-
dbis a Batai (protildatky k témto virim totiz bud
nebyly zjistény vibec anebo jen v nevyznamné
frekvenci), prokazal vsak aktivitu viru Tahyna.
Piirodni ohnisko valtické hore¢ky bylo indikovdno
pomoci séroepidemiologické analyzy na lokalitach
Ob¥istvi-Chlumin-Tuhan, a Kozly-Tisice-Chrést,
situovanych na obou bfezich Labe pted soutokem
s Vltavou v okoli mésta Neratovic. V niZ§i frekven-
ci byly prokazovany protilatky k TAHV na dolnim
toku Vltavy od Zlonéic az po Bukol/Zalezlice, p¥i-
padné na jinych lokalitach Mélnicka. Prevalence
protilatek k TAHV u vySetfovanych osob rostla
s rizikovosti lokality jejich bydlisté (od kontrolni
z6ny D pies zény C a B aZ k nejrizikovéjsi zéné A),
pFi¢emz riziko bylo vysledkem kombinace miry z4-
topy a velikosti mistnich lihnist komard. Je zndmo,
Ze vektory TAHV jsou piedeviim komaf#i luhu.
Proto se soucasné projevila také zdvislost miry
séroprevalénce obyvatel na vzddlenosti mista jejich
bydlisté od okraje luzniho lesa.

Tato studie informuje jednak o stavu protilatek
pFed zdplavami, nebof prvni vzorky sér byly ode-
brany pouhé 2 tydny po masovém lihnuti koméra,
aviak vySetfeni druhych vzorka sér umoznilo vy-
hodnotit dopad povodné na aktivaci komary pte-
nosnych virovych ndkaz. V ramci 2z6n A, B a C jsme
analyzou parovych vzorkd krevniho séra zachytili
sérokonverzi protilatek k viru Tahyfia minimalné
u jedné osoby ze 150 (tj. ‘attack rate’ ~ 0,7 %). P¥i
v téchto ohroZenych zénach (odhad podle posledni-
ho censu obyvatel) mohlo zde tedy hypoteticky po
povodni prodélat infekci virem Tahyiia celkem 650
osob (95 % — interval spolehlivosti je 20-3719).
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V Ceské republice byl izolovan TAHV z komara
poprvé na jizni Moravé v roce 1963 (24). Jak n4-
sledné prokdzali pracovnici Parazitologického
ustavu CSAV p¥i dlouhodobych vyzkumech piirod-
niho ohniska valtické horeéky na Bfeclavsku, podil
koméru s virem kolisd od 0,01 % do 0,4 % populace
v zavislosti na druhu komadra, lokalité, sezéné
a roku (6-9, 27, 40). U komdart byl zjistén i transo-
varialni pfenos viru Tahyha infikovanou samickou
na potomstvo (10). V kombinaci s amplifikaci viru
Tahyna v kompetentnich hostitelich (zajic) a navic
s moznosti sexudlniho p¥enosu viru z komatiho
samce na samici, tyto mechanismy zaruéuji dlou-
hodobou perzistenci viru Tahyna v pffrodnim oh-
nisku. Komafi tak vlastné piedstavuji nejen pie-
nasede, ale i rezervodr nakazy. Mimo oblast jiZni
Moravy jsou v CR zndma p¥irodni ohniska valtické
hore¢ky také z nizin Ostravska, a v mensi mite
cirkuluje TAHV i v Cechéach, nap¥. v povodi Labe,
Vlitavy a Ohte (20-23). Valtick4 horec¢ka byla kro-
mé CR a SR popséna v n&kolika dalsich zemich
Evropy (1, 14).

Je zndmo, Ze podil obyvatel s protilatkami
k TAHV v endemickych oblastech vzristd s vé-
kem. Napt. podle vysetfeni z let 1973-76 mélo na
Bteclavsku protildtky neutralizujici TAHV jen 7 %
déti do véku 4 let, avdak 81 % osob starsich 25 let;
primérnd promotenost celého souboru byla 55 %
(12). Po povodnich v roce 1997 na Moravé bylo
vySetfeno na protildtky neutralizujici TAHV
z Beclavska 619 osob, z nichz bylo 54 % pozitiv-
nich (15). Ve srovndni s obdobnym vySetfenim v r.
1976 nebyly viak v roce 1997 prokazany protilatky
k TAHV u osob mladsich 19 let, kdezto v souboru
z roku 1976 bylo promoteno 46 % déti jiz ve véku
5-6 let. Zatimco v r. 1976 méla vékova skupina
osob s 50% pramérnou prevalenci protilatek na
Bteclavsku staii 7 let, v roce 1997 to bylo 30 let (12,
15). Tyto tdaje dokumentuji vyrazné utlumeni
aktivity pfirodniho ohniska valtické horec¢ky v pos-
lednich 20 letech, koincidujici s dokonéenim vodo-
hospodafskych dprav Dyje v poloviné 70. let, jeZ
vedly k zamezeni periodickych zdplav, vyraznému
poklesu hladiny spodni vody, a podstatné redukci
populaci kalamitnich koméard rodu Aedes, vektora
viru TAHV. Izolace 7 kment tohoto viru z koméara
v letech 1997 a 1999 vsak ukazala, Ze piirodni oh-
nisko perzistuje (15-17). Ponékud podobnou situa-
ci s vékovou distribuci protilatek k TAHV jsme
nyni zjistili ve strednich Cechéch: podil séropozi-
tivnich osob mladsich 20 let byl velmi nizky. P¥itom
byl v8ak po povodni zjistén nejméné jeden p¥ipad
recentni infekce virem Tahyna. To dokl4ada perzis-
tujici stifedoceskou aktivitu TAHV a jeho endemi¢-
nost, i kdyZ v méfitku niZsim nez v jihomoravském

ohnisku valtické horetky. Virus Tahyna by proto
nemél byt opomijen jako potencidlni ptivodce lokal-
nich onemocnéni valtickou horeékou ani v podmin-
kéch stiednich Cech.

Valticka horecka a dal&i vir6zy prenosné komary
nejsou v podminkédch Ceské republiky zatim vni-
madny jako zdravotnicky problém. Zpravidla neoh-
rozuji Zivot pacienta, mohou v8ak zpusobit pracov-
ni neschopnost, pfipadné u déti absenci ve 8kole.
Je vBak nutno poznamenat, Ze vétdina komary pie-
nosnych ndkaz unikd pozornosti lékaifi anebo
miiZe byt nedostateéné diagnostikovdna, ponévadi
jejich sérologicka laboratorni diagnostika se u nds
rutinné té. vitbec neprovadi. Environment4alni fak-
tory, véetné antropogennich, vedouci ke zvyS$eni
populaéni denzity komdrd (nap¥. silné destové
srazky ndsledované zdplavami nebo povodnémi,
umélé zaplavovéni lesa, zavlaZovéni, revitalizace
vodnich toku & mok¥adi, anebo vyssi teploty) mo-
hou vytvoFit podminky pro zvySenou incidenci ne-
moci jimi pfenosnych. Pak i v mirném pasmu mo-
hou tyto ndkazy prerastat ve vyznamny
zdravotnicky problém (30, 38). Pokud by se ukdzala
prevence téchto ndkaz Zadouci i u nas, optimalni
systémovou strategii by byla epidemiologick4 sur-
veillance (31), zahrnujici monitorovani: 1) pocet-
nosti populaci komért (véetné sledovani jejich lih-
nisét) v pfirodnich ohniscich; 2) p¥itomnosti virt
v komarech; 3) nemocnosti lidské populace v obdo-
bi kvéten az za¥i (klinick4 a sérologické sledovani);
4) pFitomnosti protildtek u domaécich a volné& Ziji-
cich obratloved. Na zdkladé jejich vysledkd by pak
bylo mozné navrhovat a uskute¢iovat preventivni
opatfeni, nap¥. integrovanou kontrolu populaci ko-
maru (39), s preferenci aplikace selektivnich lar-
vicidnich biopreparatd na bazi Bacillus thuringien-
sis israelensis (,Vectobac“) nebo B. sphaericus,
pop¥ipadé jinych selektivnich protikomé¥ich larvi-
cidt na lihnistich v luznich lesich p¥i respektovani
mimofadné biologické a vodohospodatské hodnoty
téchto ekosystémi. Aplikaci kontaktnich insektici-
dd proti dospélym komartim (adulticidd) v lesnim
luZnim ekosystému nelze totiZz provadét jako plos-
né opatteni, a bariérové post¥iky okolo obydlenych
mist jsou jen nouzovym vychodiskem v kritickych
situacich.

Podékovdni

Tato studie mohla byt uskuteénéna jen diky spo-
luprdct se SdruZenim zdravotnickych zaFizeni -
oddélenim klinické biochemie Klaudidnovy nemoc-
nice v Mladé Boleslavi, a s dal§imi zdravotniky
v terénu. Finanéni podporu tomuto vyzkumu posky-
tla GA CR (projekty 310/03 /2033 a 206/03/0726).
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Mosquitoborne
Viruses, Czech
Republic, 2002

Zdenek Hubalek,* Petr Zeman,t Jiri Halouzka,*
Zina Juricova,* Eva Stovickova,$
Helena Balkova,t Silvie Sikutova,*
and Ilvo Rudolf*

Specimens from residents (N = 497) of an area in the
Czech Republic affected by the 2002 flood were examined
serologically for mosquitoborne viruses. Antibodies were
detected against Tahyna (16%), Sindbis (1%), and Batai
(0.2%) viruses, but not West Nile virus. An examination of
paired serum samples showed 1 Tahyna bunyavirus
(California group) infection.

he 2002 flood in Bohemia struck the Czech Republic

just a few years after the 1997 flood (in Moravia and
Silesia). Apart from Prague, extensive rural areas along the
Vltava and Labe Rivers were flooded in August 2002. In
the Melnik area, which offers favorable habitats for mos-
quitoes under normal conditions (1), mass mosquito breed-
ing (largely Ochlerotatus sticticus, Oc. cantans, Aedes
vexans, and Ae. cinereus) occurred after August 20. This
increased mosquito population peaked September 3-9,
with a biting frequency of 70 bites per person per minute.
The mosquito population declined during the second half
of September and disappeared by November.

The Study

To estimate the risk for infections with mosquitoborne
viruses, we screened the human population of the flooded
area (Figure 1) for antibodies against the viruses known to
occur in central Europe (2): Tahyna (TAHV),
Orthobunyavirus of the California group, Bunyaviridae;
West Nile (WNV), Flavivirus of the Japanese encephalitis
group, Flaviviridae; Sindbis (SINV), Alphavirus,
Togaviridae; and Batai (BATV), Orthobunyavirus of the
Bunyamwera group, Bunyaviridae.

We subdivided the flooded area into 4 risk zones
according to quantities of mosquitoes. Zone A was a
forested floodplain along the Labe River between
Obristvi-Kly and Lobkovice-Kozly (11 villages), with
large quantities of mosquitoes. Zone B was an intermedi-
ate area between zones A and C (5 villages, 1 small town),
with fewer breeding sites but possibility for mosquito

*Institute of Vertebrate Biology ASCR, Brno, Czech Republic;
tTHealth Institute, Kolin, Czech Republic; and $Central Bohemia
Hygienic Station Prague, Melnik, Czech Republic
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Figure 1. A), Potential foci of mosquitoborne viruses in the Melnik
area. Floodplain forests identified on the Landsat MSS satellite
images (dotted red line), with hydrology and settlement in back-
ground (DMU-200, VTOPU Dobrugka), and proportion of Tahyna
virus seropositive residents at particular localities (large, medium,
and small circles indicate the risk zones A, B, and C, respective-
ly). B) [inset] radar satellite image of the conflux of the Labe and
Vitava Rivers on August 17, 2002 (2 days after the flood culmina-
tion), showing extent of floodwater (dark areas). Inundated forests,
with subsequent mass occurrences of Ochlerotatus and Aedes
mosquitoes, are visible as lighter areas surrounding the Labe
River upstream of the confluence; scattered lagoons (dark areas)
in arable fields along both rivers far left and right turned into breed-
ing sites of predominantly Culex mosquitoes.

migration from zone A. Zone C was the area along the
Vltava and Labe Rivers between Kralupy and Horni
Pocaply (25 villages and small towns), with no floodplain
forests and few breeding sites for mosquitoes. Zone D was
a control zone, with only sporadic occurrences of mosqui-
toes (mainly in Prague).

Informed written consent and serum samples were
obtained from 497 survey participants of various ages from
September 6 to September 13, 2002 (3 weeks after the
flood culmination and 2 weeks after the mosquito emer-
gence). Paired serum samples were taken from 150 of the
survey participants 7 months later, from April 9 to May 15,
2003 (34 in zone A, 43 in zone B, 73 in zone C).

Serologic examination was performed with the hemag-
glutination-inhibition (HIT) and plaque-reduction neutral-
ization tests (PRNT) in microplates (3-5). The strains used
for HIT were TAHV 92, WNV Egl01, BATV 184, and
SINV Eg339; a commercial control antigen (Test-Line
Ltd., Brno, Czech Republic) of Central European tick-
borne encephalitis virus (CEEV) was used. All serum sam-
ples were acetone-extracted and tested with sucrose- and
acetone-processed antigens by using 8 hemagglutinin
units; titers >20 were considered positive. For PRNT,
TAHV T16, WNV Egl101, CEEV Hypr, and BAT 184 viral
strains were used. The test was conducted on Vero or
SPEV (embryonic pig kidney: for CEEV) cells. All serum
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samples were heat inactivated and screened for antibodies
at 1:8; those reducing the number of virus plaques by 90%
were considered positive and titrated to estimate dilutions
causing plaque—number reduction by 50% (PRNT,,) and
90% (PRNT,,). The serum samples reacting with WNV
were examined for cross-reactivity with CEEV. PRNT
with BATV was used only as a confirmatory test for the
serum samples reacting with BATV in HIT.

Against TAHV, 82 (16.5%) of 497 study participants
had neutralizing antibodies, and 74 (14.9%) were seropos-
itive in HIT. In PRNT;,, the titers were 32-2048 (geomet-
ric mean titer [GMT] 260), in PRNT,, 16-1024 (GMT
119), and in HIT 2040 to 160 (GMT 40). Figure 2 illus-
trates the distribution of neutralizing antibody titers. No
difference occurred in neutralizing antibody prevalence
between sexes, 32 (15.8%) of 202 males and 50 (16.9%) of
295 females (y% = 0.11; p = 0.744). The prevalence rate
increased significantly with age (Table 1: %2 = 39.809; p
<0.001); TAHV antibodies were found infrequently in per-
sons <19 years of age. Neutralizing antibody distribution,
with respect to the residence location (Table 2, Figure 1),
showed the highest seroprevalence in zone A (28%), lower
seroprevalences in zones B and C, and 5% in the control
zone D (2 = 14.57; p = 0.002). Significant differences
were found between zone D and all other zones, and
between zones A and C (y? = 7.243; p = 0.007), but not
between zones A and B or B and C; HIT yielded similar
results. The seroprevalence in relation to the proximity of
study participants’ locations to the nearest floodplain
forest within zones A, B, and C demonstrated decreasing
seroprevalence with increasing distance to the forest
(x2=8.51; p =0.003) (Table 2).

Against WNV, no specific reactions were found.
Although serum samples from 34 (6.8%) study partici-
pants reacted in HIT with the WNV at titers 40 to 80, all of
them also reacted with CEEV at titers similar or higher
(<160). CEEV could have occurred in the area, and some
study participants may have been vaccinated against tick-
borne encephalitis. In PRNT,,, 6 study participants (1.2%)
reacted with WNYV but at low titers of 8 to 16; these serum
samples also reacted in PRNT with CEEV; thus, the results

Mosquitoborne Viruses, Czech Republic, 2002
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Figure 2. Distribution of 50% plaque-reduction neutralization titers
of antibodies to Tahyna virus.

were considered to be crossreactions as well. Additionally,
42 (8.5%) seroreactors against WNV appeared in the less
stringent PRNTj, but all titers were low (8—32) and cross-
reacted with CEEV.

Against SINV, antibodies were tested with HIT only
and detected in specimens from 7 (1.4%) study partici-
pants, with low titers of 20 to 40. Of the BATV, specimens
from 7 study participants reacted in HIT at a low titer of
20. By confirmatory testing of these serum samples in
PRNT, only 1 (0.2%) showed specific antibodies to BATV;
the titer was 64 in PRNTj, and 32 in PRNT,,,.

Seroconversion (>4-fold rise in titer) was found with
TAHYV only. After the flood the infection episode occurred
in one 55-year-old woman from Obristvi (zone A), as
shown by the seroconversion in both HIT (<20/40) and
PRNT;, (<8/512). Three other study participants serocon-
verted in 1 test only: a 40-year-old man from Chlumin,
zone B (HIT 20/80; PRNT 128/128); a 32-year-old man
from Chlumin (HIT <20/20-40; PRNT 128/64); and an 80-
year-old woman from Obristvi (HIT 20/80; PRNT 64/32).
These results are less convincing. Upon our request, local
general practitioners did not corroborate consistent signs
of a disease reported by these 4 study participants from
October 2002 to April 2003. In general, clinical symptoms
of TAHV infection are milder in adults than in children (7).
Seroconversion against mosquitoborne viruses was not
detected in any of the 73 study participants in zone C.

Table 1. Comparison of the prevalence of neutralizing antibodies to Tahyna virus by age groups after the floods in central Bohemia in

2002 and southern Moravia in 1997t

Age (y) CB 2002, n % positive SM 1997, n % positive
0-9 18 5.6 39 0.0
10-19 53 0.0 49 8.2
20-29 74 54 128 19.5
30-39 69 17.4 79 63.3
40-49 62 11.3 80 62.5
50-59 86 19.8 90 81.1
60-69 78 32.1 59 79.7
>70 57 28.1 95 88.4

*CB, central Bohemia; SM, southern Moravia; n, number of residents examined.

tSource (6).
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Table 2. Prevalence of neutralizing antibodies to Tahyna virus
after the 2002 flood, Central Bohemia*

nt % positive

Risk zone

A 75 28.0
B 83 20.5
C 279 14.7
D 60 5.0
Distance to FPF (km)

<1.0 78 28.2
1.0-2.9 75 21.8
3.0-5.9 70 17.1
26.0 214 13.6

*As related to the residence location: risk zones A to D; and distance to
floodplain forest (FPF, within zones A, B, and C only).
1n, number of residents examined.

Conclusions

On the basis of this serosurvey, recent infections with
WNV (in contrast to South Moravia after the 1997 flood
[5,6]), SINV, and BATV have not been found in Central
Bohemia after the flood. However, activity of another
mosquitoborne virus, TAHV, has been found in a natural
focus along the Labe River at Neratovice. This focus has
so far gone unnoticed (8). Lower frequency of TAHV anti-
bodies has been detected along the lower reaches of the
Vltava River. The prevalence of antibodies to TAHV
increased with risk-zone ranking (from zone D to the high-
est risk zone A) and with decreasing distance to floodplain
forests, the primary breeding habitat of vector mosquitoes
(9-11).

In disease-endemic areas, the proportion of residents
with antibodies against California group viruses increase
with age (6,12). A similar situation occurred in the Central
Bohemian flooded area, where antibodies to TAHV were
detected in a low proportion of residents <20 years of age.
Nevertheless, TAHV seems to be active in the area. At
least 1 seroconversion among 150 residents (attack rate
=0.67%) against TAHV has been proven. With =100,000
inhabitants in the risk zones (1992 census), =670 (95%
confidence interval 20-3,719) persons could have been
infected after the flood.

Environmental factors, such as heavy rains followed by
a flood, artificial inundation of floodplain forests, or reha-
bilitation of wetlands that support mosquito-vector popula-
tions, could give rise to preconditions for an increased
incidence of mosquitoborne infectious diseases, even in
temperate climates. Under such circumstances, the opti-
mum strategy is an epidemiologic surveillance that
includes monitoring, especially of infection rate of mos-
quito populations and incidence of mosquitoborne diseases
in humans. The surveillance results could then be used in
integrated mosquito control.
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Novel Flavivirus or New Lineage of

West Nile Virus,

Central Europe

Tamas Bakonyi,*t Zdenek Hubalek,t lvo Rudolf,} and Norbert Nowotny*§!

A flavivirus (strain 97-103) was isolated from Culex
pipens mosquitoes in 1997 following floods in South
Moravia, Czech Republic. The strain exhibited close anti-
genic relationship to West Nile virus (WNV) prototype strain
Eg-101 in a cross-neutralization test. In this study, mouse
pathogenicity characteristics and the complete nucleotide
and putative amino acid sequences of isolate 97-103,
named Rabensburg virus (RabV) after a nearby Austrian
city, were determined. RabV shares only 75%—-77%
nucleotide identity and 89%—90% amino acid identity with
representative strains of WNV lineages 1 and 2. Another
RabV strain (99-222) was isolated in the same location 2
years later; it showed >99% nucleotide identity to strain 97-
103. Phylogenetic analyses of RabV, WNV strains, and
other members of the Japanese encephalitis virus (JEV)
complex clearly demonstrated that RabV is either a new
(third) lineage of WNV or a novel flavivirus of the JEV

group.

West Nile virus (WNV), a member of the Japanese
encephalitis virus (JEV) group within the genus
Flavivirus, family Flaviviridae, is the most widespread
flavivirus, occurring in Africa, Eurasia, Australia, and
North America. Other members of the JEV group fla-
viviruses are Cacipacore virus (CPCV), Koutango virus
(KOUYV), JEV, Murray Valley encephalitis virus (MVEV),
Alfuy virus (ALFV), St. Louis encephalitis virus (SLEV),
Usutu virus (USUV), and Yaounde virus (YAOV) (1).
Although initially WNV was considered to have minor
human health impact, the human and equine outbreaks in
Europe (Romania, Russia, France, Italy), Africa (Algeria,
Tunisia, Morocco), and Asia (Israel) within the last 10
years, and especially the virus’s emergence and spread in
North America since 1999, put it into the focus of scientif-
ic interest. The distribution and ecology of WNYV, as well
as clinical features, pathogenesis, and epidemiology of
West Nile disease have been reviewed (2—6). Phylogenetic

*University of Veterinary Medicine, Vienna, Austria; 1Szent Istvan
University, Budapest, Hungary; flInstitute of Vertebrate Biology
ASCR, Brno, Czech Republic; and §United Arab Emirates
University, Al Ain, United Arab Emirates

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 11, No. 2, February 2005

analyses showed 2 distinct lineages of WNV strains
(which themselves subdivide into several subclades or
clusters), isolated in different geographic regions (7—10).

The presence of WNV in central Europe has been
known for some time. Serologic surveys have detected
specific antibodies to WNYV in several vertebrate hosts in
Austria, Czech Republic, Hungary, and Slovakia during
the past 40 years, and several virus strains were isolated
from mosquitoes, rodents, and migrating birds (3). Human
cases of West Nile fever were reported in the Czech
Republic in 1997 (11) and in Hungary in 2003 (12).
Although these countries are important transit areas or
final destinations for migratory birds from the African con-
tinent, and hence may play an important role in the circu-
lation and conservation of different WNV strains, genetic
information about the strains isolated in central Europe has
not been available. We report the complete genome
sequence and phylogenetic analyses, as well as antigenic
and mouse virulence characteristics, of a unique flavivirus
strain (97-103), closely related to WNV, which was isolat-
ed by intracranial injection of suckling mice with
homogenates of female Culex pipiens mosquitoes collect-
ed 10 km from Lanzhot, Czech Republic, after a flood in
1997 (11,13,14). The collection site was very close to the
Czech-Austrian border, =2 km from the small Austrian
town of Rabensburg. Consequently, the isolate 97-103 was
later tentatively called Rabensburg virus (RabV). Another
antigenically identical or very closely related strain (99-
222) was isolated from Cx. pipiens mosquitoes in the same
location 2 years later (14).

Methods

Isolates 97-103 (passage 5 in suckling mouse brain
[SMB]) and 99-222 (passage 4 in SMB) were freeze-dried
in October 2000 (14). Viral RNA was extracted from
140 pL of virus resuspended in diethylpyrocarbonate

1This study will be presented at the International Conference on
Emerging Infectious Diseases, February 26-March 1, 2005, Al Ain,
United Arab Emirates.
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(DEPC)-treated water, using the QIAamp viral RNA Mini
Kit (Qiagen, Hilden, Germany), according to the manufac-
turer’s instructions. For amplification of the complete
genome, oligonucleotide primers were designed with the
help of the Primer Designer 4 for Windows 95 program
(Scientific and Educational Software, version 4.10) and
were synthesized by GibcoBRL Life Technologies, Ltd.
(Paisley, Scotland, UK). A complete list of the 35 primers
used in reverse transcription—polymerase chain reaction
(RT-PCR) and sequencing reactions is available upon
request. Reverse transcription and amplification were per-
formed with a continuous RT-PCR method with the Qiagen
OneStep RT-PCR Kit (Qiagen) following the manufactur-
er’s instructions. Reverse transcription (at 50°C for 30 min)
was followed by a denaturation step at 95°C for 15 min, and
40 cycles of amplification (94°C for 40 s, 57°C for 50 s,
72°C for 1 min). Reactions were completed by a final
extension for 7 min at 72°C, and the amplicons were kept
at 4°C until electrophoresis was carried out. The reactions
were performed in a Perkin-Elmer GeneAmp PCR System
2400 thermocycler (Perkin-Elmer Corp., Wellesley, MA,
USA). After RT-PCR, the amplicons were electrophoresed
in agarose gel, stained with ethidium bromide, and bands
were visualized under UV light. Gels were photographed
with a Kodak DS Electrophoresis Documentation and
Analysis System (Eastman Kodak Company, New Haven,
CT, USA). Product sizes were determined with reference to
a 100 — bp DNA Ladder (Promega, Madison, WI, USA).
Fluorescence-based direct sequencings were performed in
both directions on the PCR products with the ABI Prism
Big Dye Terminator cycle sequencing ready reaction kit
(Perkin-Elmer) and an ABI Prism 310 genetic analyzer
(Perkin-Elmer) automated sequencing system (15).

The nucleotide sequences were identified by BLAST
search against GenBank databases and were compiled and
aligned with the help of the Align Plus 4 for Windows 95
(Scientific and Educational Software, version 4.00) and
ClustalX Multiple Sequence Alignment (version 1.81) pro-
grams. Phylogenetic analysis was performed with the
Phylogeny Inference Program Package (PHYLIP) version
3.57c. Distance matrices were generated by the Fitch pro-
gram, with a translation/transversion ratio of 2.0.
Phylogenetic trees were delineated by using the TreeView
(Win32) program version 1.6.6.

Results

Both virus strains were identified as WNV by comple-
ment fixation and neutralization tests (11,13). Strain 97-
103 was compared antigenically in detail with the
Egyptian Eg-101 topotype strain of WNV (16), a represen-
tative of WNV lineage 1 (clade 1a). In plaque-reduction
cross-neutralization tests (PRNT) with homologous and
heterologous antisera (produced by injection of ICR mice
with 3 intraperitoneal doses at weekly intervals), the serum
raised against Eg-101 neutralized both the homologous
virus and 97-103 at a titer of 512, while the strain 97-103
specific serum was effective against strain Eg-101 only at
a titer of 64, although it neutralized the homologous virus
at 512. The average 4-fold difference in cross-PRNT titers
indicates certain antigenic heterogeneity of the 2 strains,
and the 97-103 isolate was therefore regarded as a subtype
of WNV (14).

Virulence of RabV strains 97-103 and 99-222 was deter-
mined by intracranial and intraperitoneal injection of spe-
cific-pathogen-free (SPF) outbred ICR mice. Central
nervous system symptoms (e.g., pareses of hind limbs)
developed in suckling mice, which died 7-15 days after
intracranial injection (Table 1). Adult mice did not show
any clinical symptoms and survived the experimental infec-
tion. On the other hand, the WNV topotype strain Eg-101
caused fatal illness in intracranially injected mice, killing
them within 4 to 6 days after infection, regardless of their
age (11,13). After intraperitoneal injection, strain Eg-101
killed all suckling mice but a <10% of adult mice; RabV
strains 97-103 and 99-222 killed approximately one third of
suckling mice, and the average survival time was 11 days
(range 10-14 days). Thus, both Rabensburg virus strains
exhibit clearly lower virulence for mice than the Egyptian
WNV topotype strain. In addition, average survival time of
suckling ICR mice injected intracranially with RabV was
significantly longer than with strain Eg-101.

The genome of strain 97-103 Rabensburg virus (RabV)
was investigated by RT-PCR and subsequent direct
sequencing of the amplicons. Initially, oligonucleotide
primers designed on the consensus sequences of linage 1
and 2 WNV strains were applied to the viral nucleic acid
of RabV. On the basis of the sequence information
obtained from these PCR products, specific primer pairs
were designed to produce overlapping amplicons covering

Table 1. Survival time (days) of suckling mice injected intracranially with Rabensburg virus isolates 97-103 and 99-222

Suckling mouse brain Strain 97-103

Strain 99-222

(SMB) passage no. Average survival time Range Average survival time Range
SMBg* 12.1 12-13 12.2 9-15
SMB 85 7-10 11.8 11-13
SMB, 85 7-11 10.0 911

SMB3 8.1 7-9 8.7 7-10

*Represents the original mosquito suspension during virus isolation attempts.
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the entire genome. The RT-PCR products were sequenced,
and the sequences were compiled, resulting in a 10,972 —
nucleotide (nt—) sequence that represented the complete
genome of the virus. The sequence was identified by
BLAST search against GenBank databases. The highest
identity rates of RabV to other flaviviruses (78%—-90%)
were found with certain regions of WNYV strains of lineage
1 and 2.

From the second isolate (99-222), 5 genomic regions
have been amplified and sequenced so far, showing a total
of 3656 nt. They represent partial coding sections from the
core (C), anchored C, premembrane (PreM), and mem-
brane (M) protein regions (between nucleotide positions
117 and 752); NS3 protein region (between nucleotide
positions 5294 and 5536, and between nucleotide positions
5565 and 6343); NS4b and NS5 regions (between
nucleotide positions 7321 and 8112); and NS5 protein
region (between nucleotide positions 9095 and 10305).
Partial sequence analysis of isolate 99-222 showed >99%
identity to 97-103. Aligned to strain 97-103, only a few
nucleotide substitutions were observed, in the following
positions: Cgy to T; Cpyy to A; Gy, to A (resulting in an
amino acid change Met to Ile); Ty, to C (resulting in an

Novel Flavivirus or New Lineage of West Nile Virus

amino acid change Ile to Thr); Ty, to C; Cygq to A; and
Gygys to T.

Similar to other flaviviruses (17), the nucleotide
sequence of RabV contains | open reading frame (ORF)
encoding the viral proteins as a large polyprotein precur-
sor. The ORF starts at nucleotide position 97, and codes for
a 3,433-amino acid (aa) polypeptide. The putative amino
acid sequence of the polyprotein precursor gene of RabV
97-103 has been translated; based on the amino acid align-
ment with WNV, the putative mature proteins, conserved
structural elements, and putative enzyme motifs were
localized. The anchored C protein is located between nt 97
and 465; within this region, the C protein is located
between nt 97 and 411. The PreM protein is encoded from
nt 466 to nt 966, with the M protein between nt 742 and
966. The envelope (E) protein is encoded between
nucleotide positions 967 and 2469, followed by the non-
structural proteins NS1 (nt 2470-3525), NS2a (nt
3526-4218), NS2b (nt 4219-4611), NS3 (nt 4612-6468),
NS4a (nt 6469-6846), 2K (nt 6847-6915), NS4b (nt
6916-7680), and NS5 (nt 7681-10395), respectively.
Amino acid identities with WNV were found at the known
conserved positions (i.e., Cys residues involved in

Table 2. Sequences of West Nile virus (WNV) strains and other members of the Japanese encephalitis virus group used for

phylogenetic analyses

Accession Isolation WNYV lineage,
Virus hame Code no.* Year Host Geographic origin clade
WNV HNY1999 NY99a AF202541 1999 Human New York 1a
WNV NY99flamingo38299 NY99b AF196835 1999 Flamingo New York 1a
WNV IS98STD 1s98 AF481864 1998 Stork Israel 1a
WNV ltaly1998Equine 1t98 AF404757 1998 Horse Italy 1a
WNV RO9750 Ro96 AF260969 1996 Culex pipiens Romania 1a
WNV VLG4 Rus99a  AF317203 1999 Human Volgograd 1a
WNV LEIV-VIg99-27889 Rus99b  AY277252 1999 Human Volgograd 1a
WNV PaH001 Tug7 AY268133 1997 Human Tunisia 1a
WNV PaAn001 Fr00 AY268132 2000 Horse France 1a
WNV Eg101 Eg51 AF260968 1951 Human Egypt 1a
WNV Chin-01 Chin01 AY 490240 Unknown Unknownt China 1a
WNV Kunjin MRM61C Kunjin D00246 1960 Cx. annulirostris Australia 1b
WNV Sarafend Sarafend AY688948 Laboratory strain 2
WNV B956 (WNFCG) Ug37 M12294 1937 Human Uganda 2
WNV LEIV-Krnd88-190 Rus98 AY277251 1998 Dermacentor Caucasus 41
marginatus
Rabensburg virus (97-103) RabV AY765264 1997 Cx. pipiens Czech Republic 3t
Japanese encephalitis virus JEV NC_001437 - - - -
Murray Valley MVEV ~ NC_000943 - - - -
encephalitis virus
Usutu virus Usuv AY453411 - - - -
Saint Louis SLEV AF013416 - - - -
encephalitis virus
Alfuy virus ALFV AF013360 - - - -
Cacipacore virus CPCV AF013367 - - - -
Koutango virus KOUV AF013384 - - - -
Yaounde virus YAOV AF013413 - - - -
*Partial nucleotide sequences (NS5 protein region) are indicated in italics.
FUnknown, tentative speciation.
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intramolecular bonds in the E and NS1 protein, putative
integrin binding motif of the E protein, catalytic triad and
substrate binding pocket of the trypsin-like serine protease,
RNA helicase motif of the NS3 protein, and RNA-depend-
ent RNA polymerase motif of the NS5 protein; 15).

To investigate the phylogenetic relationship of RabV to
other WNV isolates, multiple nucleotide and putative
amino acid sequence alignments were made involving 16
WNV strains (listed in Table 2). Although several
complete WNV nucleotide sequences from previously
published studies (10,18) have been deposited in the
GenBank databases, only selected representatives of line-
ages and clades have been included in our alignments, in
order to obtain more precise and demonstrative trees.

RabV exhibited 73%—77% nucleotide identity rates to
the different WNV strains (Table 3). The relationships
between the strains are demonstrated in Figure 1. The 2
lineages of WNV are obviously separated in the tree. Clade
la viruses form a tight cluster with close genetic relation-
ship among the members. Kunjin virus, the representative
of clade 1b, appears as a separate branch of lineage 1.
Unfortunately, no complete genome sequence information
is available on clade lc (Indian strains); thus, they are not
represented in the tree. The prototype Uganda strain B956
(WNFCG) of lineage 2 is grouped together with the

Sarafend strain, a laboratory strain with uncertain origin
and passage history. Two viruses proved to be clearly dis-
tinct with significant genetic distances to all other WNV
strains and also from each other: RabV and strain LEIV-
Krnd88-190 (in the phylogenetic trees designated Rus98).
The latter virus was isolated from Dermacentor margina-
tus ticks in the northwest Caucasus Mountain valley in
1998 and was regarded as a new variant of WNV (19-21).
Because these 2 viruses differ considerably from all WNV
strains, the issue is raised about whether classifying these
2 viruses as separate members of the JEV group might be
more appropriate.

To elucidate this question, a comprehensive phyloge-
netic analysis was performed on all representatives of the
JEV group. Because only partial common sequence infor-
mation of the NS5 protein gene region is currently avail-
able from SLEV, ALV, CPCV, KOUYV, and YAOUYV (22),
the phylogenetic analysis had to be restricted to this
region (Figure 2). Within the investigated genome stretch,
RabV showed 77%—78% identity to lineage 1 and 2 WNV
strains, 77% identity to strain LEIV-Krnd88-190, and
71%—76% identity to other representatives of the JEV
group. In the phylogenetic tree (Figure 2), the separation
of the 2 unique strains (RabV and LEIV-Krnd88-190 =
Rus98) from WNV is clearly visible. Although RabV

Table 3. Nucleotide and amino acid identity rates between RabV* and other flaviviruses

Identity to RabV (%)

Nucleotide Amino acid
Code WNYV lineage and clade Complete Partialt Complete Partialf
NY99a 1a 77 78 90 95
NY99b 1a 77 78 90 95
1s98 1a 77 78 90 95
1t98 1a 77 78 90 95
Ro96 1a 77 78 90 95
Rus99a 1a 77 78 90 95
Rus99b 1a 77 78 90 95
Tug7 1a 76 78 90 95
Froo 1a 77 78 90 95
Eg51 1a 77 78 90 95
Chin01 1a 77 78 90 95
Kunjin 1b 75 77 89 94
Sarafend 2 77 78 90 96
Ug37 2 77 78 90 96
Rus98 4 (speculation) 73 77 87 95
JEV - 68 74 75 86
MVEV - 69 74 76 86
usuv - 68 72 75 83
SLEV - - 71 - 78
ALFV - - 74 - 88
CPCV - - 71 - 79
KOUV - - 76 - 90
YAOV - - 75 - 87

*RabV, Rabensburg virus; JEV, Japanese encephalitis virus; MVEV, Murray Valley encephalitis virus; USUV, Usutu virus; SLEV, St. Louis encephalitis
virus; ALFV, Alfuy virus; CPCV, Cacipacore virus; KOUV, Koutango virus; YAOV, Yaounde virus.

tPartial alignment between nucleotide positions 9067 and 10101.
FPartial alignment between amino acid positions 2991 and 3335.
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Figure 1. Phylogenetic tree illustrating the genetic relationship
between selected West Nile virus strains based on their complete
genome sequences. Bar on the left demonstrates the genetic dis-
tance. (Abbreviations and accession numbers are listed in Table 2.)

exhibits the closest relationship to the WNV representa-
tives, similar identity rates (76%) exist between MVEV
and USUYV, as well as between JEV and ALFV, and these
viruses have been taxonomically classified as separate
viruses. The Rus98 virus clusters together with KOUYV, a
virus isolated originally from a Kemp’s gerbil (Tatera
kempi) in Senegal 1968 and subsequently recovered from
other rodent species and several genera of ticks
(Rhipicephalus, Hyalomma, Alectorobius) in central
Africa (23). The Rus98 strain was also isolated from
ticks.

The putative amino acid sequence of RabV was also
compared with the corresponding sequences of representa-
tives of WNV lineages and clades, as well as with other
JEV group viruses on the available polypeptide sequence

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 11, No. 2, February 2005
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regions. RabV shared 89%-90% identity on the complete
polypeptide precursor region with the WNV strains, 87%
identity with the Rus89 strain, and 75%—76% identity with
JEV, USUYV, and MVEV. The alignments of the partial
amino acid sequences of the NS5 region (between aa 2991
and 3335) showed 94%—-96% identity rates with the WNV
strains, 95% with strain Rus98, and 78%—-90% with the
other members of the JEV group (Table 3). Phylogenetic
trees, based on the amino acid alignments, displayed near-
ly identical topology to nucleotide sequence—based trees
(data not shown). The complete genome sequence of RabV
(flavivirus strain 97-103) has been deposited in GenBank
under accession no. AY765264.

Discussion

WNV strains of different lineages exhibit considerable
genomic diversity (76%—77% nucleotide identity only). At
the same time, WNV is not sharply delimited genomically
from the other members of the JEV group. The available
partial sequences of the NS5 gene region from other virus-
es of the group show 71%—-76% nucleotide and 78%—-90%
amino acid identities to WNYV strains. The closest relatives
of WNV are KOUV and YAOV (10,22-24).

Lineage 1 of WNV comprises strains from several con-
tinents and is subdivided into at least 3 clades. In clade 1a,
several subclades or clusters are formed by closely related
strains, such as strains isolated 40-50 years ago in Europe
and Africa; strains isolated 20-30 years ago in Africa;
strains isolated within the last 10 years in Europe and
Africa; and strains isolated within the last 5 years in the
United States and Israel. Clade 1b consists of the
Australian isolates (Kunjin), while clade lc contains
strains from India. Lineage 2 is composed of WNV strains
that have been isolated, so far exclusively, in the sub-
Saharan region of Africa and in Madagascar (18). The
genetic distance between the 2 lineages is relatively great
in contrast to that within some representatives of lineage 1
that were isolated in distant geographic locations and with-
in considerable time intervals. While the viruses in clade
la share 95.2%-99.9% nucleotide and 99.3%—-100%
amino acid identity to each other, and also 86.6%—-87.8%
nucleotide and 97.4%-97.7% amino acid identity to the
clade 1b viruses, the overall identity rates between lineage
1 and 2 are only 75.7%-76.8% on nucleotide level and
93.2%-94.0% on amino acid level (18), identity rates that
resemble those between RabV and either lineage 1 or line-
age 2 WNV strains. Besides genomic differences, anti-
genic variability can be observed in cross-neutralization
analyses and monoclonal antibody binding assays (8,18).

The results of the phylogenetic analyses indicate that
viruses closely related to WNV are present in central
Europe and southern Russia. Although these viruses have
initially been identified as WNYV, they can be regarded, on
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Figure 2. Phylogenetic tree illustrating the genetic relationship
between representatives of the Japanese encephalitis virus com-
plex and selected West Nile virus strains based on partial genome
sequences of the NS5 protein gene. Bar on the left demonstrates
the genetic distance. (Abbreviations and accession numbers are
listed in Table 2.)

the basis of their genetic distances, either as separate line-
ages of WNV (RabV: lineage 3; LEIV-Krnd88-190 =
Rus98: lineage 4) or as new viruses within the JEV group.
The antigenic and biologic differences between RabV and
the WNV reference strain Eg-101 also support this opin-
ion. Isolation of RabV in 1997 was obviously not an iso-
lated event; rather, flaviviruses of the RabV type seem to
be present or persist in this area, as demonstrated by the
isolation of an almost identical virus strain (99-222) 2
years later (14). The ecology of RabV needs further inves-
tigation. Other unanswered questions concern the patho-
genicity and host spectrum of the virus, especially
regarding possible human infections.

To summarize, a novel flavivirus strain of unknown
human pathogenicity, repeatedly isolated from Cx. pipiens
mosquitoes in central Europe, has been molecularly char-
acterized, including determination of its complete
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nucleotide and deduced amino acid sequences. Based on
the analysis of the virus and comparison with related virus-
es including phylogenetic relationships, we suggest that
RabV be classified either as a new (third) lineage of WNV
or as a novel flavivirus within the JEV group.

This study was funded by a grant of the Austrian Federal
Ministry for Health and Women’s Issues, and it was also sup-
ported by the Czech Science Foundation (206/03/0726).
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Abstract

Usutu virus (USUV), family Flaviviridae, has been responsible for avian mortality in Austria from 2001 to 2006. The
proportion of USUV-positive individuals among the investigated dead birds decreased dramatically after 2004. To test the
hypothesis that establishment of herd immunity might be responsible, serological examinations of susceptible wild birds were
performed.

Blood samples of 442 wild birds of 55 species were collected in 4 consecutive years (2003-2006). In addition, 86
individuals from a birds of prey rehabilitation centre were bled before, at the peak, and after the 2005 USUV transmission
season in order to identify titre dynamics and seroconversions. The haemagglutination inhibition test was used for screening
and the plaque reduction neutralization test for confirmation. While in the years 2003 and 2004 the proportion of
seropositive wild birds was <10%, the percentage of seroreactors raised to >50% in 2005 and 2006. At the birds of
prey centre, almost three quarters of the owls and raptors exhibited antibodies before the 2005 transmission season; this
percentage dropped to less than half at the peak of USUV transmission and raised again to almost two thirds after the
transmission season.

* Corresponding author. Tel.: +43 125077 2401; fax: +43 125077 2490.
E-mail address: Herbert.Weissenboeck @vu-wien.ac.at (H. Weissenbock).
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These data show a from year to year continuously increasing proportion of seropositive wild birds. The owl and raptor data
indicate significant viral exposure in the previous season(s), but also a number of new infections during the current season,
despite the presence of antibodies in some of these birds. Herd immunity is a possible explanation for the significant decrease in
USUV-associated bird mortalities in Austria during the recent years.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Usutu virus; USUV; Serology; Wild birds; Herd immunity

1. Introduction

Usutu virus (USUV), a member of the Japanese
encephalitis virus (JEV) antigenic group within the
mosquito-borne cluster of the genus Flavivirus (Kuno
et al., 1998) was isolated for the first time from
mosquitoes (Culex univittatus) in South Africain 1959
and named after a river in Swaziland. Although the
virus had been detected several times in different
mosquito and bird species in Africa, it had never been
associated with clinical disease in birds or mammals
and was therefore widely scientifically ignored. In
summer 2001, however, USUV emerged unexpectedly
in central Europe and was responsible for an episode
of mortality among FEurasian blackbirds (Turdus
merula) and great grey owls (Strix nebulosa) in and
around Vienna, Austria (Weissenbock et al., 2002). In
the following years the same virus strain continued to
kill birds in eastern Austria (Weissenbock et al.,
2003b; Chvala et al., 2007). This observation showed
that USUV had managed to overwinter and had been
able to establish an efficient local bird—mosquito
transmission cycle (Weissenbock et al., 2003a).
Meanwhile, USUV-associated bird mortality has been
registered in other central European countries like
Hungary (Bakonyi et al., unpublished data), Switzer-
land (ProMED-mail) and Italy (Dorrestein et al.,
2007). Surveillance data of USUV-associated bird
deaths in Austria indicated that seasons of massive
USUV-associated bird losses (2001-2003) were
followed by seasons with significant decline of
USUV-linked avian mortality (2004-2006) (Chvala
et al.,, 2007). In addition to climatic reasons (the
summers of 2004 and 2005 had unusually low average
temperatures in Austria, http://www.zamg.ac.at) or
decreased virulence of the circulating virus another
possible explanation for this phenomenon would be a
progressive seroconversion in the Austrian wild bird
population.

As it has to be expected that USUV will continue to
expand its area of activity during the next years, data
on seroprevalence and potential herd immunity in the
European area affected first, i.e. eastern Austria, might
be useful for other scientists and wildlife conserva-
tionists having to deal with this phenomenon in the
future.

The aims of the present study were first to evaluate
the proportion of USUV antibody positives among
wild birds in Austria and to record changes during the
course of time. Second, we intended a longitudinal
serological study with three blood collection time-
points from the same individuals during one
transmission season in order to determine the
dynamics of change in antibody titre to USUV in
naturally infected birds. For this part of the study an
owl and raptor rehabilitation centre situated within
the USUV-endemic area in eastern Austria was
chosen because (i) some owl species (great grey
owl, Strix nebulosa, Tengmalm’s owl, Aegolius
funereus) easily acquired USUV infection and also
succumbed to it, (ii) birds of prey and owls were found
to be frequently affected by the related West Nile virus
(WNYV) in North America (Fitzgerald et al., 2003;
Gancz et al., 2004; Wiinschmann et al., 2004) and (iii)
because the centre offered a large collection of wild
birds in an open mosquito-accessible environment
with the opportunity of repeated blood collections
of the same birds, something not easily done with
wild birds.

2. Materials and methods
2.1. Sera for seroprevalence study
Bird sera were collected in 4 consecutive years,

between August 2003 and May 2006. As the
transmission season of USUV is most likely restricted
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to the months July to September, the data of the 2006
sera reflect viral exposure which had happened up to
the 2005 transmission season. In total, sera of 442
birds were included. A total of 113 sera were collected
in 2003 (between August and December), 109 sera in
2004 (January to October), 197 sera in 2005 (March to
October), and finally, 23 sera were collected in the first
5 months of 2006. As it significantly influences the
interpretation of the results, a possible exposure in the
previous year(s) was especially considered for the
2005 and 2006 sera. The sources of sera were (i) wild
birds captured in mist nets or other trapping devices
especially for the purpose of USUV serosurveillance
(2003: 14; 2004: 27; 2005: 91; 2006: 23), (ii) sick or
injured birds brought to the bird clinic of the
University of Veterinary Medicine, Vienna, for
treatment (2003: 28; 2004: 2; 2005: 45), (iii) birds
from the above mentioned owl and raptor rehabilita-
tion centre (2003: 28; 2005: 38), and (iv) dead birds
submitted for necropsy (2003: 43; 2004: 80; 2005: 23).
The sera originated from 55 different species of birds.
The huge majority of the birds were from USUV-
endemic areas in Vienna, Lower Austria and Burgen-
land. Only seven birds were from areas where USUV
activity has not been found so far.

2.2. Longitudinal serosurvey in captive birds of
prey

All birds originated from a birds of prey
rehabilitation centre which is located in the village
Haringsee (48°11'N, 16°46’E) in the geographic area
Marchfeld in Lower Austria. The entire area is
11,000 m* in size. There are 70 separate aviaries
covering a total of 3000 m”. The birds were separated
according to species, and aviaries with birds of the
same species were located in close proximity to each
other. The station mainly provides medical care and
shelter for injured bird foundlings and confiscated
animals, and information for the interested public.
USUYV activity has been recognized in the area since
2003 with the virus found in dead blackbirds and in
mosquitoes (Chvala et al., 2007).

Blood samples were collected from 86 birds
belonging to 9 species: 6 species of the family
Strigidae: 8 eagle owls (Bubo bubo), 18 barn owls
(Tyto alba), 14 tawny owls (Strix aluco), 4 little owls
(Athene noctua), 5 long-eared owls (Asio otus), 1 Ural

owl (Strix uralensis), 2 accipitrid species: 20 common
buzzards (Buteo buteo) and 4 marsh harriers (Circus
aeruginosus), and 1 falcon species, namely 12
common kestrels (Falco tinnunculus). From each
bird three blood samples were taken at approximately
2-month intervals during 2005: the first blood samples
prior to any anticipated USUV activity (May 25), the
second sample on August 29 at the time when in the
previous years USUV activity had reached its peak,
and the final sample was taken October 17, 2005,
when, according to the experiences from the previous
years, USUV activity should have ceased and
antibodies due to recent exposure should have
developed. All birds were after hatch-year birds
(older than 1 year), except for one Ural owl, which
was a hatch-year fledgling. None of the birds showed
clinical signs during the surveillance period. For
USUV antibody assays 0.2-0.5 ml of blood was
drawn from the cutaneous ulnar vein. The blood was
transferred into heparin—lithium tubes (Sarstedt,
Niirnbrecht, Germany) and centrifuged at 2000 x g
for 15 min. The plasma was separated from the clot
and stored at —20 °C until use. In order to rule out test
variabilities, all three blood collections of the birds
of prey rehabilitation centre were tested in one
investigation and carried out and read by the same
investigator.

2.3. Serological tests

The majority of the bird sera obtained for the
seroprevalence study were examined by the haemag-
glutination inhibition test (HIT). Whenever possible,
HIT positives were confirmed by the plaque reduction
neutralization test (PRNT). However, due to the
small quantity of some sera, either this confirmation
could not be performed or it was decided to use the
PRNT only.

All serum samples of the longitudinal study were
analysed by HIT for initial screening. Positive
samples (titre >1:20) were also tested by PRNT to
evaluate the specificity of the HIT. To rule out a
possible cross-reaction of the tests with tick-borne
encephalitis virus (TBEV) and WNV a number of
randomly selected USUV-positive sera (TBEV: 55;
WNYV: 49) were also tested with serological test
systems established for detection of antibodies to
these viruses.
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2.4. HIT for USUV and TBEYV antibodies

The standard HIT was performed as previously
described by Clarke and Casals (1958) and as adapted
for USUV by Chvala et al. (2005). In brief, non-
specific inhibitors and natural haemagglutinins were
removed by kaolin treatment and absorption with
goose erythrocytes, respectively. Serial dilutions of
kaolin-treated bird sera were mixed with eight
haemagglutinating (HA) units of USUV strain Vienna
2001-blackbird or TBEV strain KEM; antigen
(Molnar, 1982), respectively. Tests were performed
in U-shaped microtitre plates. The HIT titre was
determined as the highest serum dilution that caused
complete inhibition of erythrocyte agglutination. Sera
with a titre of 1:20 and higher were considered
positive.

2.5. PRNT for USUV and WNV antibodies

The PRNT method for USUV and WNV antibodies
was performed as described by de Madrid and
Porterfield (1974), adopted to a microtechnique
(Hubdlek et al., 1979).

The sera were inactivated at 56 °C for 30 min prior
to testing. The PRNTs were run in microtitre plates
with flat-bottomed wells. For USUV the above
mentioned virus strain Vienna-2001 blackbird (Bako-
nyi et al., 2004) and porcine kidney (PK) cells, and for
WNV the WNV topotype strain Eg-101 and the pig
kidney embryo cell line SPEV was used. Twofold
serum dilutions were made in Minimal Essential
Medium (MEM), or in case of WNV in L-15 medium,;
30 pl of diluted sera were mixed with 30 pl of virus
suspension containing 100 plaque-forming units of the
virus and incubated for 60 min at 37 °C. Then 60 pl of
cell suspension in MEM with 3% foetal calf serum (in
case of WNV L-15 medium with 2% foetal calf serum)
was added to each well and incubated at 37 °C for 4 h.
Thereafter 120 pl of a carboxy-methyl cellulose
overlay was added to each well and incubated at
37 °C for 3 days (5 days in case of WNV). The fluid
was removed and 150 pl of the colouring naphtol
blue black solution was added for 40 min at room
temperature. The PRNT titre was determined as the
highest serum dilution with a 90% reduction of the
number of plaques. Sera with a titre of at least 1:20
were considered positive. The specificity of this assay

for antibodies to the viruses tested (i.e. USUV and
WNV) had been validated by using WNV- and USUV-
positive test sera. Cross-reactivity was minimal and
only occurred in sera with high titres to one of the
viruses to a titre of at least four dilution steps less than
the homolog virus.

2.6. RT-PCR for detection of viraemia

At the assumed peak of USUV activity (August),
we also took blood samples from 32 larger birds (8
eagle owls, 20 buzzards, and 4 marsh harriers) for
determination of viraemia. From these birds, blood
was drawn from the ulnar vein into EDTA-treated
tubes (Sarstedt, Niirnbrecht, Germany), centrifuged at
6700 x g for 5 min, and the plasma was saved for
serological studies. Peripheral blood mononuclear
cells (PBMCs) were purified from the buffy coat using
erythrocyte lysis buffer (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. RNA was
extracted from the PBMCs using the QiaAmp Viral
RNA Mini Kit, and RT-PCRs were performed in a
continuous one-step RT-PCR system employing
USUV-specific primer pairs (Bakonyi et al., 2004;
Weissenbock et al., 2004).

3. Results

3.1. Antibodies to USUV are found in an
increasing proportion of wild birds between 2003
and 2006

Of the 222 birds tested in 2003 and 2004, 19 (8.5%)
were positive for USUV by HIT. The titres ranged
from 1:20 to 1:1280, with a geometrical mean titre of
51.8. All positives except one were confirmed by
PRNT. Four of the positive birds were necropsy cases
with an acute USUV infection. Among the 19
examined owls 6 (31.6%) were positive. The USUV
positive sera were also tested by HIT for antibodies to
TBEV. One serum (with an USUYV titre of 1:1280)
showed a positive reaction (1:80). All other sera were
TBEV antibody negative.

In 2005 and early 2006 a total of 220 sera was
tested by HIT (150) and/or PRNT (157). In 87 cases
a comparative evaluation of both tests could be
performed. In these years 119 (54%) of the samples
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Table 1
Compilation of all wild birds, sorted according to numbers, species and years, which were subjected to serological investigation
No  Common name Scientific name Total 2003 2004 2005 2006 All years
postive/  positive/  positive/  positive/  positive/
total total total total total
1 Eurasian blackbird Turdus merula 165 3/33 8/83 20/35 6/14 37/165
2 Blackcap Sylvia atricapilla S 23 12/23 12/23
3 Ural owl Strix uralensis 22 16/22 16/22
4 Eurasian collared dove Streptopelia decaocto 20 0/11 6/9 6/20
5 Great tit Parus major 19 0/1 0/9 3/9 3/19
6 Long-eared owl Asio otus 17 3/11 5/6 8/17
7 Great spotted woodpecker Dendrocopos major 16 217 3/9 5/16
8 Kestrel Falco tinnunculus 12 077 4/5 4/12
9 European robin Erithacus rubecula S 11 5/11 511
10 Tawny owl Strix aluco 10 3/8 0/1 171 4/10
11 Jackdaw Corvus monedula 10 0/3 6/7 6/10
12 Song thrush Turdus philomelos S 9 0/4 0/1 4/4 4/9
13 Tree sparrow Passer montanus 9 0/8 0/1 0/9
14 Jaybird Garrulus glandarius 8 172 1/4 2/2 4/8
15 Bearded vulture Gypaetus barbatus 7 0/2 2/5 2/7
16 Blue tit Parus caeruleus 7 0/1 0/6 0/7
17 Reed warbler Acrocephalus scirpaceus L 7 3/7 3/7
18 Common buzzard Buteo buteo 6 0/2 0/2 0/2 0/6
19 Hooded crow Corvus corone cornix 6 0/2 3/4 3/6
20 Rook Corvus frugilegus W 5 0/3 072 0/5
21 Nuthatch Sitta europaea 4 1/4 1/4
22 Eagle owl Bubo bubo 3 1/3 1/3
23 Marsh harrier Circus aeruginosus L 3 0/2 171 1/3
24 Yellowhammer Emberiza citrinella 3 0/3 0/3
25 Barn-swallow Hirundo rustica L 2 2/2 2/2
26 European goldfinch Carduelis carduelis 2 0/2 0/2
27 Kingfisher Alcedo atthis 2 0/2 0/2
28 Lesser whitethroat Sylvia curruca L 2 172 172
29 Middle-spotted woodpecker  Dendrocopos medius 2 0/2 0/2
30 Mute swan Cygnus olor 2 072 0/2
31 Pheasant Phasianus colchicus 2 0/1 171 172
32 Reed bunting Emberiza schoeniclus S 2 172 172
33 Whitethroat Sylvia communis L 2 172 172
34 Barn owl Tyto alba 1 171 171
35 Black redstart Phoenicurus ochruros S 1 1”71 171
36 Brambling Fringilla montifringilla w 1 0/1 0/1
37 Capercaillie Tetrao urogallus 1 0/1 0/1
38 Chaffinch Fringilla coelebs 1 0/1 0/1
39 Chiffchaff Phylloscopus collybita S 1 0/1 0/1
40 Crossbill Loxia curvirostra 1 0/1 0/1
41 Garden warbler Sylvia borin L 1 171 171
42 Greenfinch Carduelis chloris 1 0/1 0/1
43 House martin Delichon urbica L 1 171 171
44 Mallard duck Anas platyrhynchos 1 0/1 0/1
45 Nightingale Luscinia megarhynchos L 1 0/1 0/1
46 Indian peafowl Pavo cristatus 1 171 171
47 Penduline tit Remiz pendulinus S 1 0/1 0/1
48 Pied flycatcher Ficedula hypoleuca L 1 171 171
49 Quail Coturnix coturnix L 1 0/1 0/1
50 Red-backed shrike Lanius collurio L 1 0/1 0/1
51 Seagull Larus sp. 1 0/1 0/1
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Table 1 (Continued)

No  Common name Scientific name Total 2003 2004 2005 2006 All years
postive/  positive/  positive/  positive/  positive/
total total total total total

52 Sparrow hawk Accipiter nisus 1 0/1 0/1

53 Starling Sturnus vulgaris S 1 171 171

54 Waxwing Bombycilla garrulous 1 0/1 0/1

55 ‘Woodcock Scolopax rusticola 1 0/1 0/1

442 10/113 9/109 110/197  9/23 138/442

Positive means titres >1:20 to USUYV, either with HIT or PRNT. S: short distance migrant (winter habitat: mediterranian); L: long distance

migrant (winter habitat: sub-saharan Africa); W: winter guest.

were found positive: 11 exclusively by HIT (no PRNT
performed), 29 exclusively by PRNT (no HIT
performed), 68 with correspondingly positive HIT
and PRNT results, and 11 cases with positive HIT and
negative (7) or not analysable (4) PRNT. These results
are compiled in Table 1 and Fig. 1. Seventy-one (43 of
which were positive) of the 2005 samples and all 23 (9
of which were positive) 2006 samples were taken
before July, i.e. before the actual year’s transmission
season (Table 2). Thus these samples indicate anti-
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Fig. 1. Histogram showing the ratio of serologically USUV-positive
and USUV-negative (based on both HIT and PRNT data) birds
among the animals examined from 2003 to 2006. Only bird species
of which more than seven individuals were examined are included.
Two hundred and ninety five examined birds (66.7% of the total) are
presented in this figure. EB: Eurasian blackbird, TO: tawny owl, LO:
long-eared owl, ED: Eurasian collared dove, TS: tree sparrow, GT:
great tit, ER: European robin, GW: great spotted woodpecker, BC:
blackcap, UO: Ural owl.

body titres acquired the years before. Of the sick or
dead birds examined 29 had an acute USUV infection
with characteristic lesions and presence of virus in a
number of tissues. Out of these birds only four were
serologically positive.

An interesting aspect of this study were the
serological data of the 78 examined juvenile birds
(Table 2). Forty-two (54.5%) of them were serologi-
cally USUV antibody positive. Among them were five
Ural owls whose antibody titres were 1:20 (1), 1:40
(2), and 1:80 (2). The adult females that produced
these six nestlings had titres of 1:320 and 1:2560,
respectively. The mother of the other juveniles was
unknown.

3.2. Captive birds of prey show a high proportion
of USUV antibody positives and considerable HIT
titre dynamics during one transmission season

In May 2005, 63 (73.3%) out of 86 birds exhibited
HIT antibodies to USUV (titres >1:20). The titres
ranged from 1:20 to 1:640, with the majority (69.8%)
having a titre of 1:80 or lower. In August 2005, the
number of seropositives declined to 39 (45.3%), the
majority of which (56.4%) had low titres of 1:20 or
1:40. In October 2005, 56 (65.1%) were serologi-
cally positive, with a higher proportion of medium
and high titres (almost 60.7% with titres >1:80)
compared to the previous two timepoints (Figs. 2
and 3).

A total of 143 sera, which showed a HIT titre of
least 1:20 were tested by PRNT for confirmation.
85.3% of the PRNT titres were in accordance with
the HIT results. Sixty-two of the sera sampled in
May were tested by PRNT. Of these, 25 showed a
lower titre compared to HIT, four HIT positives were



Table 2

Serologically investigated wild birds, grouped according to sampling timepoint (before/after start of USUV transmission season), age (born in the year of sampling or earlier) and

presence of migratory birds among the sampled individuals

Year 2006

Year 2005

Year 2004

Year 2003

After July®
Neg®

Before July”

After July*

Neg®
30°

Before July”
Negb

After July®

Neg"”

Before July”

After July*
Neg”

Before July”

Pos®

Pos® Pos® Negb Pos®
31°¢

Pos®

Negb Pos®

Pos®

Pos®

Negb

0
0

11°

5¢

Juveniles

gd
67

gd
59

Migrants

14

43

28

82

18

10

103

Total
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# Sampling timepoint.
® Serological result.

¢ Juvenile seropositive birds belonged to the following species: 10 Eurasian blackbirds (Turdus merula), 5 blackcaps (Sylvia atricapilla), 5 Ural owls (Strix uralensis), 3 Eurasian
collared doves (Streptopelia decaocto), 2 barn swallows (Hirundo rustica), 2 bearded vultures (Gypaetus barbatus), 2 European robins (Erithacus rubecula), 2 reed warblers

(Acrocephalus scirpaceus), 1 black redstart (Phoenicurus ochruros), 1 garden warbler (Sylvia borin), 1 great tit (Parus major), 1 house martin (Delichon urbica), 1 jaybird (Garrulus

glandarius), 1 kestrel (Falco tinnunculus), 1 lesser whitethroat (Sylvia curruca), 1 nuthatch (Sitta europaea), 1 pied flycatcher (Ficedula hypoleuca), 1 song thrush (Turdus

philomelos), 1 whitethroat (Sylvia communis).

4" All juveniles.

negative by PRNT, and one PRNT titre could not be
analyzed due to cytotoxicity of the serum. Of the sera
taken in August 34 were tested by PRNT. In 10 of the
samples the PRNT titre was lower than the HIT titre.
Two sera were negative by PRNT and 10 were
cytotoxic. Of the October samples, 47 were tested by
PRNT. Twenty-five sera had a lower PRNT titre
compared to HIT. Five sera were negative and six were
cytotoxic.

3.3. Low titre haemagglutinating antibodies to
TBEYV and neutralizing antibodies to WNV are
present in a few birds

A portion of USUV antibody positive sera from the
third bleeding time were also tested by HIT for TBEV
antibodies. Only 7 of 55 exhibited a low-range titre of
1:20 and 1:40, respectively.

Forty-nine USUV antibody positive birds were
tested by PRNT for WNV antibodies. Of 19 birds
from the first bleeding time, 15 were negative, 1 kestrel
showed a titre of 1:40, and 2 marsh harriers and 1 barn
owl had titres of 1:20. Of the 11 tested birds of the
second bleeding time, 7 were negative, 7 birds exhibited
titres of 1:20 (common buzzard, Ural owl) and 2
kestrels had titres of 1:80 and 1:160, respectively. In
October, the third bleeding, 19 birds were tested, 12 of
which were negative; 5 had titres of 1:20, and 2, both
kestrels, showed titres of 1:80 and 1:160, respectively.

3.4. No evidence of viraemia in the sampled birds
at the peak of the transmission period

USUYV nucleic acid sequences were not detected in
any of the examined PBMC samples by RT-PCR.

4. Discussion

Since its first documented emergence in central
Europe in 2001, USUV has been associated with rising
avian mortality in the affected areas which was
followed by a rapid decline of USUV-associated deaths
by 2004 until present. A major aim of the study was to
discern, whether an increasing number of seroreactors
in the wild bird population might have contributed to
this phenomenon. The data point towards a low USUV
antibody prevalence in samples from 2003 to 2004, and



244
50
45
40
Ofirst bleeding time
35 i
a msecond bleeding time |
-] 30 W third bleeding time
5 25
@
o 20
E
218
10
5 I
Nil BI BE NI Bi Nl B B
<1:20 1:20 1:40 1:80 1:160  1:320 1:640 1:1280 1:2560

antibody titres

Fig. 2. Histogram depicting the percentage of captive birds of prey
with certain HIT antibody titres at the different timepoints of
sampling.

a clearly increased antibody prevalence in samples
taken in 2005 and 2006. This change is not likely to be
due to biased sample selection. Especially two
subpopulations of examined birds — blackbirds and
owls — originated from comparable habitats during the
entire investigation period.

In the cases in which comparative investigations of
sera were carried out by HIT and PRNT the majority of
the HIT titres were confirmed by PRNT. Generally the
PRNT titres were lower. Although the HIT is not
considered to be highly specific, it proved useful as
initial screening test in the present study. Possible
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cross-reactions or false positive reactions did not
occur on a grand scale. The only other flavivirus
known to be enzootic in Austria is TBEV. The most
likely explanation for the few seroreactors to TBEV in
the used HIT is cross-reactivity with USUV, as the
TBEV titres were generally 8§—16 times lower than
those to USUV. HIT cross-reactivity between these
two distantly related flaviviruses has also been
previously noticed (Casals and Brown, 1954; de
Madrid and Porterfield, 1974; Stiasny et al., 20006).
Also cross-reactivity of USUV with WNV including
associated lineages (e.g. Rabensburg virus (RabV)
(Bakonyi et al., 2005)) is very likely. Using the less
specific HIT, distinction of USUV- and WNV-titres
might have been difficult or impossible. Therefore, the
more specific PRNT was used in the search for WNV
antibodies. The WNV serological data of a randomly
chosen subset of samples showed several reactors, the
majority of which had a low titre. These low titres are
explainable by cross-reactivity to USUYV, as all these
cases had high USUV titres. The few birds with a
moderate or high titre to WNV (e.g. common kestrel)
could represent WNV- (or RabV-) infected animals,
because the locality, where RabV was isolated, is
situated very closely to the USUV study site (Hubalek
et al., 1998). As the vast majority of these birds had
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Fig. 3. Histogram depicting the HI titre dynamics in the birds of prey during timecourse. For each species which comprised more than seven
individuals the geometric mean titre (GMT), and the minimum and maximum titres are shown in columns. The three columns for each bird
species demonstrate the values at the three sampling timepoints.
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high haemagglutinating and moderate neutralizing
antibody titres to USUYV, cross-reactivity of WNV
antibodies in the USUV assays seem rather unlikely.
Thus, these kestrels might represent double infections
with USUYV and a representative of one of the WNV
lineages. The presence of a few seroreactors to
WNV is not surprising and is in line with previous
seroepidemiological studies from comparable geo-
graphical regions (Hubalek and Halouzka, 1999;
Hubalek et al., 2005).

The serological data indicate that species do not
differ in the likelihood to acquire USUV infection.
However, there seem to be great differences with
respect to the expression of clinical symptoms: while
certain species, like blackbirds, great grey owls and
obviously house sparrows — as recently shown in
Switzerland (Steinmetz et al., 2007) — succumb in high
numbers to the infection, other species never exhibited
significant USUV-associated mortality.

A small number of seropositive birds, especially
among those captured in 2005, were long distance
migrants, i.e. birds with wintering habitats in sub-
Saharan Africa. Adult birds of this group could well
have acquired USUV antibodies in Africa. However,
the vast majority of these birds were identified as
juveniles, i.e. they had hatched in Austria several
weeks or months prior to sampling, and provided that
maternally transferred antibodies do not last until
several months of age, they most likely have been
exposed to the virus in Austria. Data concerning
persistence of maternally transferred antibodies in
wild birds are scarce (Miiller et al., 2004; Hahn et al.,
2006); thus it cannot be definitely excluded that some
of these antibodies have their origin in Africa. The
few seropositive juvenile birds for which the mother
was known were five Ural owl nestlings with an age
of 62 days at sampling. The USUV antibody levels of
these birds were markedly lower than those of their
mothers. As sampling in these nestlings took place
before the transmission season the results suggest
that they might have acquired antibodies through
passive transmission and that detectable amounts of
passively transferred USUV antibodies are detectable
up to 2 months. In contrast, Gibbs et al. (2005) found
maternal WNV antibodies in rock pigeons only up to
30 days after hatching. Alternatively, it cannot be
ruled out that the juvenile Ural owls were exposed to
one of the alternative transmission routes (see

below), which are not necessarily linked with
mosquito activity.

While in 2003 the proportion of USUV-positives
among dead birds collected during a surveillance
program was more than 50%, this percentage dropped
to 5% and less in 2004 and 2005 (Chvala et al., 2007).
One possible explanation for such a phenomenon could
be establishment of herd immunity resulting in an
increasing number of birds born with passive immunity
under the protection of which active immunity can
develop in the case of exposure. Although the
serological data of the 2004 birds did not yet suggest
such a phenomenon, the closer inspection of the 2005
data shows that more than a third of the samples were
taken before the transmission season and thus indicate
titres acquired in the previous year(s) or through
maternal antibodies in hatchlings. In fact, 60% of this
subset were positive which indicates that already in
(late) 2004 many more birds were exposed to the virus
and subsequently seroconverted than the samples taken
in 2004 suggest. From this point of view it becomes
evident that in parallel with the significant decline
of USUV-associated avian mortality the number of
seropositive birds in the endemic areas increases
steadily. Therefore, it is a likely possibility that a
rather rapid establishment of herd immunity has
been responsible for apparent disappearance of
USU V-associated bird deaths, despite continuing viral
circulation. The high percentage of seropositives to a
circulating arbovirus with a bird—-mosquito transmis-
sion cycle is unparalleled in other endemic transmission
cycles so far. Seroprevalence rates of WNYV, Saint Louis
Encephalitis virus, and Sindbis virus usually only reach
1.5-9.7% (McLean et al., 1988; Antipa et al., 1984;
Juricova et al., 1987; Juricova et al., 1989; Beveroth
et al., 2006). The only other paper which claims a
similar high transmission rate, however using the more
sensitive 50% PRNT (compared to the 90% PRNT used
in the present study), does not only suggest local
transmission but also continuous introduction of virus
by migratory birds to the British Isles (Buckley et al.,
2003). In the case of USUYV, however, one genetically
stable virus strain established a local transmission cycle
in local birds and mosquitoes in Austria with a tendency
of slow but steady spread to adjacent areas (Chvala
et al., 2007).

In addition to the indisputable increase of
seroreactors within the wild bird population also
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other factors could have contributed to the rapid
decline of USUV-associated avian deaths registered
during a 3-year period of dead bird surveillance
(Chvala et al., 2007). On the one hand climate factors
could have been influential, on the other hand
decreased virulence of the circulating USUV strain
could also have played a role. Data from other
flaviviruses (e.g. WNV) showed that virulence for
certain bird species is strain-dependent (Brault et al.,
2004) and it has been suggested that especially
mutations in certain E-protein gene regions resulting
in loss of glycosylation were responsible for reduced
virulence or neuroinvasiveness (Beasley et al., 2005).
For USUV, currently no complete sequences or
experimental data of virus strains isolated in different
years are available. However, sequencing of 88% of
the E coding region of 12 USUV isolates from 3
consecutive years (2003-2005) revealed only single
random mutations, all of which except one did not
result in amino acid changes (Chvala et al., 2007).
The fact that already in 2003 the proportion of
seropositives among the surveyed owl species tawny
owl and long-eared owl was significantly above the
average prompted us to undertake a more thorough
investigation among the birds in this rehabilitation
centre. The overall seroprevalence among these birds
almost doubled after 2 years. We expected new insights
into the infection dynamics of USUV infections from
the comparative examination of three blood samples per
bird taken at three different timepoints during one
transmission season. Already in May, well before the
start of the transmission season, a high percentage of the
blood samples exhibited antibodies to USUV. This
observation correlates well with the generally high
seroprevalence in the wild bird population, indicating
again viral exposure in the previous season(s).
Transmission of mosquito-borne flaviviruses occurs
predominantly from viraemic birds to mosquitoes
which after completion of the extrinsic incubation
period are capable of transmitting the virus to a new
avian host. Under natural conditions this is certainly the
most efficient and most common transmission route. In
more artificial settings, such as the case for caged wild
birds, also other modes of flaviviral transmission have
been observed. WNV, for example, can also be
transmitted by direct contact (Komar et al., 2003), by
eating infected reservoir hosts (Austgen et al., 2004;
Nemeth et al., 2006) and especially in owls, it has been

speculated that louse flies might serve as additional
vectors (Gancz et al., 2004). Many of the owls of the
present study were infested with louse flies, too, and
they probably might have contributed to the viral
distribution among the birds within certain aviaries.
However, there is no formal proof as yet that louse flies
are competent vectors for flaviviruses. These transmis-
sion modes are not restricted to seasons of mosquito
activity and could theoretically have occurred within
this bird collection at any time of the year.

During the following 6-month observation period
some interesting changes in titre development were
noticed. From the first to the second bleeding the
geometric mean titre of most bird species markedly
dropped as did the total number of seropositives. This
can be explained by a natural decline of antibody titres
during a period without viral activity. In several birds
the titre decline within this rather short time interval was
intriguingly pronounced. This observation suggests that
even after natural infection flaviviral titres in birds are
generally not very robust and long lasting, but subject to
considerable variations within short times and it can
certainly not be assumed that such antibodies persist
life-long. After the transmission season, which — based
on dead bird surveillance data — ends in mid-September,
seroconversions were noted in several birds. Some had
not had any detectable antibodies before and some had
had low titres. In several birds the serotitres continued to
drop until the last bleeding which might either indicate
lack of exposure or protective titres preventing infection
and viral replication. However, despite the fact that
seroconversions obviously occurred, by RT-PCR of
PBMCs of selected birds taken during the transmission
season no evidence of viraemia was found. Taking into
account that viraemia in flavivirus infections of birds is
usually short-lived, i.e. not longer than a few days
(Nemeth et al., 2006) it simply seems to have been bad
luck that no viraemic bird had been detected by
examining a single blood sample during the entire
transmission season. Taking all data together, the
number of seropositives had risen between the second
and third bleeding and the proportion of medium and
high titres was highest at the last bleeding. These data
clearly indicate that despite a high pre-existing herd
immunity viral activity still leads to new infections and
seroconversions. This fact that flaviviral circulation
despite the presence of significant immunity is easily
possible is a significant observation which is especially
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important for the understanding of concepts of
flavivirus epidemiology. This study also clearly shows
the lack of pathogenicity of USUV for the particular
species of owls and birds of prey kept in captivity. Since
the first detection of viral activity in the area in 2003, no
diseases or deaths of birds which could be attributed to
USUYV infection were noticed in this particular region.
This observation is in sharp contrast to the documented
vulnerability of one owl species (great grey owl)
(Weissenbock et al., 2002) with its natural habitat in
periarctic zones. This species has also proved to be
highly vulnerable to infection with the related WNV
(Gancz et al., 2004).

In conclusion, the findings presented in this paper
suggest that USUV circulates very efficiently between
local birds and mosquitoes in eastern Austria. After a
few years of presence with an initial severe bird
mortality the virus produced a high seroprevalence in
the susceptible hosts which seems to be sufficient for
establishment of an (at least currently) stable herd
immunity.
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ABSTRACT

A survey for antibodies to West Nile virus (WNYV; genus Flavivirus) was carried out by plaque-re-
duction neutralization microtesting in 78 horses, 20 domestic chickens, and 97 wild birds belonging
to 10 species from different areas in Poland. Specific antibodies were detected in five juvenile (hatch-
ing-year) birds collected in 2006: three white storks (Ciconia ciconia) in a wildlife rehabilitation cen-
ter (5.4% of all examined storks; the antibody titers in each bird were 1:320, 1:160, and 1:20), one
free-living mute swan (Cygnus olor; the titer was 1:20), and one hooded crow (Corvus corone cornix;
the titer 1:20) in a wildlife rehabilitation center; thus the overall seropositivity to WNV was 5.2%
among all the birds sampled. These data do not rule out the presence of WNV activity in Poland
with 100% certainty, but they indicate a significant trace that demands verification. In addition,
one black-headed gull (Larus ridibundus) had neutralizing antibodies for the Usutu Flavivirus, the
first case recorded in Poland.

INTRODUCTION

WEST NiLE vVIRUS (WNV; FAMILY FLAVIVIRIDAE) cir-
culates in natural foci between birds and bird-feed-
ing mosquitoes, principally Culex pipiens, C. modestus,
and Cogquillettidia richiardii in Europe (13). WNV has
not yet been isolated in Poland, unlike neighboring
Czechland (14,15) and Slovakia (7,18). Antibodies in-
hibiting hemagglutination of WNV were detected in spar-
rows (Passer domesticus and P. montanus) near Warsaw
(16), though this result was not verified by virus neu-
tralization testing.

WNV is occasionally introduced by birds migrating to
temperate countries of the Northern Hemisphere from
tropical and subtropical countries (7,10,25,30). More-
over, there are predictions according to climate change
models that transmission of WNV may soon become
more intense and rapid (6).

The aim of this study was to assess the level of WNV
activity in Poland, by performing a serologic survey of
vertebrates (horses and birds) that are prone to viral ex-
posure in the field. Horses are especially susceptible to
WNYV and form antibodies easily; white storks are also
susceptible, as are corvids (23,28).
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MATERIALS AND METHODS

Blood sampling

Blood samples from 50 horses of the Polish konik va-
riety originating from Popielno (Mazurian Lakeland) (site
A on the map shown in Fig. 1), and 28 horses of the same
breed from Roztocze National Park (site B on Fig. 1)
were collected in October 2006 (Table 1). These horses
lived free in their natural habitats. The Polish konik is a
local horse breed originating directly from the wild
Tarpan horse (Equus caballus gmelini form silvatica).
These horses are highly resistant to tough environmental
conditions, and have lower feeding needs and a higher
level of natural immunity compared to other breeds of
horses (17). Blood samples from free-living birds were
collected in 2006 by puncturing the jugular or brachial
vein, and the birds were released after sample collection.
Swans were captured for banding at two breeding terri-
tories near Sieradz: on the ponds in the village of Jeziory
and an oxbow lake near the village of Bilew (site 3 on
Fig. 1). White storks were sampled either as nestlings
from the Wielkopolska region (site 5 on Fig. 1; 48 indi-
viduals) during two breeding seasons (2002 and 2003),
or as birds living in a few wildlife rehabilitation cen-
ters (8 hatching-year birds in 2006; Table 1). Some other
birds (crows, rooks, jackdaws, and pigeons) also visited

HUBALEK ET AL.

the Wildbird Rehabilitation Centre in Warsaw (site 4 on
Fig. 1) between July 25 and September 13, 2006, where
they were brought after being found injured elsewhere in
the country, most being from the Mazovian Lowland
(near Warsaw). Other wild birds were caught in Japan-
ese nets in the region of Podlasie (site 2 on Fig. 1) in the
Siemianéwka water reservoir (near Bialowieza National
Park and the Belarussian border) at the end of July 2006.
Domestic chickens were sampled on an ecological farm
in the region of the Mazurian Lakeland at Pokrzydowo
(site 1 on Fig. 1) in October 2006. All Polish laws and
regulations regarding protection, conservation, and ani-
mal welfare were adhered to during all sampling proce-
dures, which were endorsed by Polish local ethics com-
mittees and the Ministry of the Environment. Blood
samples were centrifuged in the laboratory within 3—6 h
after collection, and the separated sera were then stored
at —20°C until use.

Plaque reduction neutralization
microtest (PRNuT)

This method was originally proposed by Madrid and
Porterfield (21,22), and was later adapted into a mi-
crotechnique done in flat-bottomed, 96-well disposable
sterile microplates (Sarstedt, Newton, NC) used for tis-
sue culture (12). Vero E6 cells were cultivated in Lei-
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FIG.1. Map of Poland with the study sites. (A) Popielno (Mazurian Lakeland). (B) Roztocze National Park. (1) Pokrzydowo
(Mazurian Lakeland). (2) Siemianéwka water reservoir close to Bialowieza National Park (region of Podlasie). (3) Sieradz: ponds
in Jeziory village and an oxbow lake near Bilew village (region of £.6dz). (4) Wildbird Rehabilitation Centre in Warsaw. (5)

Wielkopolska region.
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TABLE 1.
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WEST NILE VIRUS NEUTRALIZING ANTIBODIES (PRNuTo0): NUMBERS OF PoSITIVE AND UNDETERMINED REACTIONS

Animal specieg

Horse (Equus caballus)

White stork nestlings
Mute swan (Cygnus olor)

Common tern (Sterna hirundo)
Rook (Corvys Sfrugilegus)

Jackdaw (Corpys monedula)

Jay (Garrulus glandarius)
Total

No.
No. examined No. positive undetermined

78 0 0
Domestic chicken (Gallus domesticus) 20 0 0
Feral pigeon (Columba livia f. domestica) 8 0 !
Wo?d Pigeon (Columba palumbus) 2 0 0
White stork (Ciconia ciconia) juveniles 8 3 2
48 0 0
9 1 1
Black-headed gull (Larus ridibundus) 6 0 3
3 0 2
4 0 1
Hooded crow (Corvus corone cornix) 2 1 1
6 0 1
1 0 0
195 5 14

bovitz L-15 medium (Sigma, USA) supplemented with RESULTS

5% of fetal calf serum (FCS; UK Gibco Bio-Cult, Scot-
land) and antibiotics. Tested sera were inactivated at
5§°C for 30 min and diluted 1:10 for screening in L-15
with 3% inactivated FCS, then 30 uL of the diluted sera
wgs_ mixed with 30 uL of test dose of the virus (con-
Falnmg 20-30 PFU of the Eg-101 SM; strain of WNV)
in L-15 supplemented with 3% inactivated FCS. The
plgtes were then covered and incubated at 37°C for 60
min; then 60 uL of the Vero cell suspension was added
FO each test well (20,000-30,000 cells/well), and after
incubating covered at 37°C for 4 h, 120 L of carboxy-
methylcellulose (CMC) sodium salt were added (1.5%
CMC of medjum viscosity BDH in PBS mixed with the
same volume of L-15 mixed with 3% inactivated FCS).
Controls included a test dose of the virus and its serial
twofold dilutions and immune WNV reference serum,;
con.trol negative serum; and cells without virus. Incu-
bation of the plastic-sealed cultures at 37°C lasted 5 d,
and the Microplate cultures were then stained with a
0.1% acidic solution of naphthol blue black (FLUKA,
Sw1tzer1and) at room temperature for 40 min.
Sera that were reactive with WNV, revealing 90% or
greate'r reduction of plaques at the 1:10 dilution (corre-
~sponding to the 1:20 final dilution of the serum, after
mixing with the virus test dose), were titrated by twofold
dilutions, and dilutions corresponding to 90% reduction
of PFU were regarded as the serum titers (PRNuTgp).
Reciprocal titers =20 were considered positive. Positive
Sera were also tested in parallel (PRNuToo) against Fla-
vivirus Usuty (USUV; strain 939/01 Veros) to exclude
cross-rfaaction with this related mosquito-borne virus
found in Central Europe (35).

None of the 78 horses examined had antibodies to
WNYV (one animal showed a titer of 1:10, which was con-
sidered negative). Similarly, none of the 20 chickens and
48 nestling white storks tested positive for WNV (Table
1). Although sera from 19 of the 97 free-living birds ex-
amined (19.6%) reacted on PRNuTgo with WNYV titers
of at least 1:20, most of them also had USUYV titers at
similar or higher levels (Table 2), and these results were
interpreted as cross-reactions non-specific for WNV. In
all only five birds (5.2%) reacted with WNV specifically,
namely juvenile white storks (nos. 126, 127, and 128),
which were kept in the wildlife rehabilitation center
(WRC) after being injured in the field. Their antibody
titers against WNV were 1:320, 1:160, and 1:20, respec-
tively, while titers to USUV were low or absent (in to-
tal, 5.4% of the 56 storks tested had antibodies to WNYV);
USUV titers were also present in one juvenile mute swan
(no. 6551; titer 1:20) and one juvenile hooded crow (no.
27; titer 1:20) from a WRC. One bird, a young black-
headed gull (no. 16), reacted with USUYV at a titer of 1:80,
which was higher than that against WNV (1:20-1:40).

DISCUSSION *

There is speculation about the possible presence of
WNYV in Poland (31). Some bird species that are known
to carry WNV are common in Poland (e.g., the white
stork [Ciconia ciconia], garganey [Anas querquedulal,
common coot [Fulica atral, lapwing [Vanellus vanellus],
black-headed gull [Larus ridibundus], turtle dove [Strep-
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TaBLE 2. DETAILED CoMPARISON OF REcIPROCAL PRNuT9y TITERS AGAINST WEST NILE AND UsuTu VIRUSES

No. Species Age Locality Date WNV titer USUYV titer
124 White stork Juvenile WRC? Aug. 23, 2006 20-40 2040
163 White stork Juvenile WRC Aug. 23, 2006 20 20
126 White stork Juvenile WRC Sept. 13, 2006 320 20
127 White stork Juvenile WRC Sept. 13, 2006 160 20
128 White stork Juvenile WRC Sept. 13, 2006 20 <20
6551 Mute swan Juvenile Bilew Oct. 11, 2006 20 <20
6552 Mute swan Juvenile Bilew Oct. 11, 2006 20 20
8 Common tern Juvenile Siemianéwka July 27, 2006 20 20
9 Common tern Juvenile Siemianéwka July 27, 2006 2040 40
11 Black-headed gull Adult Siemianéwka July 27, 2006 40 40
13 Black-headed gull Juvenile Siemianéwka July 27, 2006 20-40 20
14 Black-headed gull Juvenile Siemian6wka July 27, 2006 20 20
15 Black-headed gull Juvenile Siemianéwka July 27, 2006 20 40
16 Black-headed gull Juvenile Siemianéwka July 27, 2006 20-40 80
27 Hooded crow Juvenile WRC Aug. 9, 2006 20 <20
28 Hooded crow Juvenile WRC Aug. 23, 2006 20-40 =20
29 Jackdaw Juvenile WRC July 27, 2006 20 =20
30 Rook Juvenile WRC Sept. 13, 2006 2040 20

Abbreviation: WRC, wildlife rehabilitation center.

topelia turtur], hooded crow [Corvus corone], rook [C.
Jfrugilegus], and European starling [Sturnus vulgaris]).
Most of them are migratory and can potentially spread
the pathogen along their migration routes. Moreover, six
mosquito species that were previously reported positive
for WNV in other European countries (13), are common
in Poland: Culex pipiens, C. modestus, and Coquillettidia
richiardii—species believed to be common vectors in Eu-
rope—as well as Ochlerotatus dorsalis, O. caspius, and
the flood-water mosquito, Aedes vexans (32). However,
an outbreak of human cases of West Nile fever (WNF)
has never been reported in Poland, although it is possi-
ble that human WNF cases may go unnoticed in this
country. For instance, epidemic reports showed a three-
to fivefold increase of the incidence of aseptic meningi-
tis in the areas flooded in 1997 and in the district of
Gdansk, where a flood occurred in 2001 (31), and where
enormous numbers of mosquitos subsequently appeared.
At the same time, there were no mass deaths of birds ob-
served, which some researchers regard as a sign of the
presence of WNV (however, this is true only for North
America, and not for Europe).

Only one paper indicated the possible presence of
WNV in Poland by detection of antibodies to WNV in
3%—12% of house sparrows (Passer domesticus) and tree
sparrows (P. montanus) captured near Warsaw (16), us-
ing a hemagglutination-inhibition test (HIT). Unfortu-
nately, this finding could not be verified by a more spe-
cific neutralization test. In HIT (and ELISA as well),

cross-reactions among flaviviruses are very common and
well known (e.g., even cross-reactions between WNV
and tick-borne encephalitis virus). The plaque-reduction
neutralization test is regarded as the gold standard in fla-
vivirus serology, and is generally more specific than other
serological techniques (33,34). However, significant
serological Flavivirus cross-reactivity can sometimes oc-
cur even in the neutralization test (4,5,22,24,28). Often
several antigenically related flaviviruses of the same anti-
genic group co-occur in one area (e.g., in central Europe
Usutu virus together with WNV, both members of the
Japanese encephalitis group) (20,35). It is sometimes dif-
ficult to decide which particular antigen was responsible
for antibody production, and thus controversial results
may be published. It is always necessary to interpret re-
sults of flavivirus serology with great care, especially dur-
ing serosurveys in birds and wild mammals, where non-
specific inhibitors of hemagglutination and neutralization
can occasionally occur (11,28).

In this study, we used neutralization (PRNuT) with the
standard, topotype Egyptian strain Eg-101 of WNV (its
suckling mouse brain homogenate), and carefully stored
and thermally inactivated avian serum (not plasma) sam-
ples devoid of heparin, citrate, or any stabilizing sub-
stances like merthiolate. We estimated the results con-
servatively, and used 90% reduction in the number of
plaques (not 50% reduction, which is sometimes used),
and 1:20 dilution (instead of the usual 1:10) as a titer cut-
off point. In addition, the fetal calf serum used in the
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PRNuT was tested for antibodies against WNYV in a sep-
arate assay.

Our data indicate only limited WNV activity in Poland
in 2006. The three juvenile white storks with specific an-
tibodies to WNV, sampled on September 13, 2006, were
either born in Poland or arrived from nearby countries
endemic for WNV in northeastern or eastern Europe (e.g.,
Latvia, Belarus, or the Ukraine) (13). White storks are
susceptible to WNV infection, and WNV was isolated in
Israel from migrating white storks, supposedly arriving
from eastern or central Europe (23). It is noteworthy to
mention that white storks from Poland and eastern parts
of Germany migrate via the Middle East, along the fly-
way leading southeast through the Marmara Sea and
Turkey, then turning to the south near the Gulf of Isk-
enderun and through the Sinai, reaching the Suez Bay
and approaching the Nile; they then disperse across east-
ern and southern Africa (29).

Maternal antibodies against WNV, transferred pas-
sively via egg yolks from seropositive females, can per-
sist in nestling birds for 2—4 weeks (1,8,9). Identical re-
sults were described for the related mosquito-borne
flavivirus causing Japanese encephalitis (3,27). Because
the hatching season of the seropositive bird species is
from April to June in Central Europe, the antibodies
found in young birds in August and September (i.e., =2
months after hatching; egg laying occurs at the end of
April, and the majority of eggs are hatched in May)
should not be regarded as maternal ones, but as antibod-
ies formed after natural WNV infection.

The relatively high proportion of positive serological
results among patients in wild bird rehabilitation centers
(three storks and one hooded crow out of 21 avian pa-
tients) is not surprising, since birds with CNS disorders
are most susceptible to accidents. On the other hand, the
seropositive young mute swan (although the titer was
low) was apparently healthy and free-living, and a num-
ber of healthy individuals captured on the water reser-
voirs (Siemianéwka and Bilew) were classified as sero-
logically undetermined, and most of them were juveniles.
These results are essential to understanding how WNV
spreads, especially in light of the fact that summer 2006
was extremely dry and therefore unfavorable for growth
of mosquito vectors.

The results of our study correlate well with findings
from some other European studies done between 2000
and 2005. No or very low WNV activity was observed
in free-living birds near Lyon in France (19), as all 364
birds examined were seronegative, and in Germany (20),
where seroprevalence was 1.6% in 3399 birds. However,
the German study showed a relatively high frequency of
antibodies to WNV in predatory birds, especially in the
migratory osprey (Pandion haliaetus), for which 20% of
140 birds examined had neutralizing antibodies. In addi-
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tion, 2.2% of mute swans, 2.3% of white storks, and six
other avian species were seropositive as well. The only
study deviating from this trend is one done in Great
Britain in 2001-2002, where as many as 14.7% of 353
wild birds reacted with WNV in PRNTgg (2), but the au-
thors considered titers as low as 1:10 to be positive, and
they did not use the topotype WNV strain, but instead
used three other WNV strains that yielded varying re-
sults.

Negative results obtained in white stork nestlings
cannot exclude the possible presence of WNV in the
study area. Malkinson et al. (23) did not find antibod-
ies in white stork nestlings in the Golan Heights in
2000, although WNF cases were frequent among geese
and humans and the virus circulated in the area. Ger-
man observations also show that the nestlings (2-9 wk
old) of white storks were mostly serologically negative,
although very low antibody titers (1:10-1:15, and only
one bird had a titer of 1:30) against WNV were de-
tected in 10 of them, most probably due to maternal
immunity passed vertically to the young. At the same
time several post-hatching year storks and ospreys
(Pandion haliaetus) showed much higher titers of an-
tibodies against WNV (20). On this basis it can be
stated that nestlings of the white stork are not suitable
for a serologic survey for WNV.

The negative results found in horses also deserve com-
ment. The horse—Polish konik—is a breed closely re-
lated to a species of wild horse (tarpan), and is a de-
scendant of a primitive, wild species. Recent studies of
the Polish konik show that it has a high level of natural
immunity (26). In a similar central European study serum
samples from 350 horses from eastern Austria were ex-
amined for WNV, and all were also negative, while 4 of
35 horses transported from Hungary to Germany were
seropositive, although these animals had no obvious clin-
ical signs on examination (34).

CONCLUSION

Our study has not confirmed with 100% certainty the
circulation of WNV in Poland, but the results show tan-
gible traces of seropositivity that demand verification.
This study also revealed for the first time in Poland an-
tibodies to Usutu virus, a mosquito-borne Flavivirus re-
cently recognized as occurring in Central Europe (35).
The bird that tested positive, a black-headed }ull, was a
hatching-year specimen, and it could have been born in
Poland or in any other central European country, includ-
ing Austria.

Further study is needed to more accurately define how
West Nile virus spreads in Europe, as well as how to con-
trol its spread.
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ABSTRACT

A serosurvey for West Nile virus (WNV) was carried out in 54 domestic birds (geese and ducks bred on fishponds)
and 391 wild birds representing 28 migratory and resident species, using a plaque-reduction neutralization mi-
crotest with Vero cells and Egyptian topotype Eg-101 strain as test virus. The birds were sampled in the South-
Moravian fishpond ecosystem between 2004 and 2006. Antibodies to WNV were not detected in domestic water-
fowl, but 23 (5.9%) free-living birds of 10 species showed a positive response. These were the common coot (Fulica
atra, 5 positive/18 examined), common kingfisher (Alcedo atthis, 1/1), reed warbler (Acrocephalus scirpaceus, 2/80),
sedge warbler (A. schoenobaenus, 3/80), marsh warbler (A. palustris, 2/28), Savi’s warbler (Locustella luscinioides,
3/12), reed bunting (Emberiza schoeniclus, 1/28), blackcap (Sylvia atricapilla, 2/11), penduline tit (Remiz penduli-
nus, 1/14), blue tit (Parus caeruleus, 1/1), and starling (Sturnus vulgaris, 2/4). The antibody titers were compara-
tively low (1:20-1:40), and the only high titer (1:160) was found in an adult marsh warbler. When 14 of the sera re-
acting with WNV were titrated in parallel with Usutu Flavivirus, 12 were interpreted as having specific antibodies
to WNV, one coot had a higher titer against Usutu virus, and another one could not be attributed to either of the
two viruses. In conclusion, 13 (3.3%) of 391 wild birds had specific antibodies to WNV. The results indicate that
WNYV activity in southern Moravia was limited during 2004-2006. Key Words: Birds—Field studies—Immunol-
ogy—Mosquito(es)—West Nile

INTRODUCTION method of serological survey of birds thought

to be potentially exposed to the virus in the

WEST NiILE virus (WNV, family Flaviviridae)
circulates in natural foci between birds
and bird-feeding mosquitoes largely of the
genus Culex (Cx. pipiens and Cx. modestus in Eu-
rope). This virus could be occasionally trans-
ported by migratory birds to temperate coun-
tries of the northern hemisphere from
(sub)tropical countries, or vice versa (Hannoun
et al. 1972; Watson et al. 1972; Malkinson et al.
2002).

The aim of the present study was to evalu-
ate the present activity of WNV in southern
Moravia (Czech Republic), using an indirect

field. West Nile virus had already been isolated
in this region (Hubdlek et al. 1998; Bakonyi et
al. 2005), as well as in neighboring Slovakia
(Labuda et al. 1974), and five human cases of
WNV fever were described after floods in
southern Moravia in 1997 (Hubalek et al. 2000).

MATERIALS AND METHODS
Study sites

All sampling localities (Fig. 1) were situated
in habitats with abundant mosquito popula-
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FIG.1. The study sites in southern Morovia. (1) Fishpond Neoyt at Sedlec; (2) Fishponds at Za’hlinice; (3) fishponds

at Hodonin; (4) fishpond at Morovsky, Krumlov.

tions, including Culex pipiens, Cx. modestus,
Aedes, and Ochlerotatus spp. (Kramat 1958;
Varihara 1985; Olejnicek et al. 2003).

e Site 1. Fishpond Nesyt (48°46" N, 16°43" E)
at Sedlec near Mikulov (reedbelt habitat,
Phragmites communis): 319 wetland birds
(largely passerines) sampled 15-23 July 2006.

e Site 2. Fishponds at Zhlinice (49°17" N,
17°28" E) near Pterov (reedbelt habitat): 33
adult wild waterfowl (3 Anas platyrhynchos,
3 Anas strepera, 10 Aythya ferina, 3 Netta ru-
fina, 1 Tachybaptus ruficollis, and 13 Fulica
atra) sampled from 25 April to 10 May 2006.

¢ Site 3. Fishponds at Hodonin: 18 domestic
geese bred on the shore of fishpond
Pisecnicky (48°51' N, 17°04" E), sampled on
7 November 2005; 24 domestic ducks bred
on fishpond Novodvorsky (48°52" N,
17°04" E), sampled on 7 November 2005;
and 34 adult wild waterfowl (18 Aythya fe-
rina, 12 Aythya fuligula, and 4 Larus ridi-
bundus) sampled in reedbelt habitat of
Jarohnévicky fishpond (48°55' N, 17°03" E),
May—-June 2004.

e Site 4. A fishpond near Moravsky Krumlov
(49°02’' N, 16°18’ E): 12 domestic ducks bred
on a waterfowl farm, sampled on 7 Novem-
ber 2005.

Sampling

Blood samples (in passerines and other small
birds 50-150 uL, in waterfowl about 1 mL)
were collected from the brachial vein (in small
passerines by its puncturing with miniature sy-
ringe needle and aspiration into hematocrit
capillaries: Juricova et al. 1986) of captured
birds. Wild birds were trapped in mist-nets
during a regular ringing action of the Czech So-
ciety for Ornithology managed in accord with
the Czech Animal Protection Act (no. 246/92).
The wild birds were aged, sexed, ringed, and
released after the blood collection. The water-
birds on site 2 were sampled during spring
hunts under relevant permits. The blood sam-
ples were centrifuged in the laboratory 3-6
hours after collection, and the separated sera
were stored at —20°C until use.

Plaque-reduction neutralization microtest
(PRNwT)

The method was originally proposed by
Madrid and Porterfield (1969, 1974), and
adapted to a microtechnique on 96-well (flat-
bottomed) sterile microplates (Sarstedt) for cell
culture (Hubdlek et al. 1979). Vero E6 cells were
serially propagated in Leibovitz L-15 medium
(Sigma) supplemented with 10% fetal calf
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serum (FCS, Gibco Bio-Cult) and antibiotics.
Tested sera were inactivated at 56°C for 30 min-
utes, and for screening were diluted 1:10 in
L-15 medium; 30-uL of the serum (in duplicate)
was mixed in a microplate well with a 30-uL
test dose of the virus (containing 20-30 plaque
forming units (PFU) of Eg-101 strain of WNYV,
passaged 17 times in suckling mouse brain, and
homogenized in phosphate buffered saline
(PBS) with 0.4% bovine serum albumin fraction
V, Sigma, and centrifuged) in L-15 supple-
mented with 3% inactivated FCS, and incu-
bated at 37°C for 60 minutes. Vero cell sus-
pension (in L-15 with 3% FCS) was then added
to each test well (60 uL with 20,000-30,000 cells
per well). After an incubation at 37°C for
4 hours, 120 pL of carboxymethylcellulose
sodium salt overlay (1.5% CMC of medium vis-
cosity BDH in PBS mixed with the same vol-
ume of L-15 with 3% of inactivated FCS) was
added to each well. Controls included the virus
test dose and its titration, immune WNYV refer-
ence serum, control negative serum, and cells
without virus. The microplates, sealed in small
polyethylene bags, were incubated at 37°C for
5 days, and the cultures were then stained with
0.1% acidic solution of naphthalene black
(Fluka).

Sera reactive with virus, revealing 90% or
greater reduction in the number of plaques at
the 1:10 dilution at screening (corresponding to
the 1:20 final dilution of the serum after mix-
ing with the virus test dose), were titrated in
duplicate by twofold dilutions, and those dilu-
tions corresponding to 90% reduction of plaque
numbers were regarded as the serum titers
(PRNuTgp). Reciprocal titers =20 were consid-
ered positive. The positive sera were also tested
against Flavivirus Usutu (USUV; strain 939/01
Vero3) in order to exclude cross reactions with
this related mosquito-borne virus that occurs
occasionally in Central Europe.

RESULTS

All tested domestic waterfowl (18 geese, 36
ducks) at sites 3 and 4 were negative at 1:20 di-
lution. Similarly, all wild anseriform birds were
seronegative at sites 2 and 3. Overall, 23 of 391
(5.9%) examined wild birds belonging to 28
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species collected in the reedbelt habitat of sev-
eral fishponds reacted with WNV at titers 1:20
or higher (Table 1): 5/18 (no. positive/no.ex-
amined) common coots, 2/80 reed warblers,
3/80 sedge warblers, 2/28 marsh warblers,
3/12 Savi’s warblers, 1/28 reed buntings, 1/14
penduline tits, 2/11 blackcaps, 1/1 blue tit, 2/4
starlings, and 1/1 common kingfisher. Four-
teen of these seroreacting birds were examined
in PRNuTy with USUV in parallel, and two of
them (common coots) also reacted with the lat-
ter virus at titers similar to WNV or higher
(Table 2): whereas coot #722 was interpreted
as having specific antibodies to USUV, coot
#2732 revealed a flavivirus cross reaction not
specific for WNV or for USUV, and its anti-
bodies have been regarded as undetermined.
In contrast, 12 birds have been regarded as re-
acting specifically with WNV. The remaining 9
seropositive birds could not be tested with
USUYV because of the small amount of sera, but
the high titer (1:160) in an adult marsh warbler
(#N104) was also attributed to specific WNV
antibodies. Therefore at least 13 wild birds
(3.3%) reacted with WNV specifically, although
the titers were, with one exception low, 1:20 to
1:40 (Table 2). Eight of these birds with specific
WNV antibodies were adults, and five were
young (hatching-year) individuals.

Of 445 tested birds, 192 were young (hatch-
ing-year) birds, and 253 were adult (after hatch-
ing-year) birds. There was no significant dif-
ference in the seroprevalence rate between
young and adult birds overall, nor between the
young and adult passerines (Table 1; x? test).
Also, when only specific WNV-seroreactors
were taken into account (Table 2), there was no
significant difference in the seroprevalence
rate: 2.6% in young birds versus 3.2% in adults.

DISCUSSION

The plaque-reduction neutralization test is
regarded as the gold standard in flavivirus
serology and is used for verification of other
serological tests (enzyme-linked immunosor-
bent assay [ELISA], hemagglutination-inhibi-
tion test [HIT]) because it is generally more spe-
cific and discriminatory. However, it is well
known that flaviviruses present a high degree
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TABLE 1.

HUBALEK ET AL.

BIRDS SEROREACTING WITH WEST NILE VIRUs IN PRNMTgg (TITER AT LEAST 1:20)

Examined birds WNYV seroreactors

Bird species Juvenile/Adult Juvenile/Adult

Domestic goose, Anser anser f. domestica 0 18 — 0
Domestic duck, Anas platyrhynchos f. domestica 0 36 — 0
Wild mallard, Anas platyrhynchos 0 3 — 0
Gadwall, Anas strepera 0 3 — 0
Common pochard, Aythya ferina 0 28 — 0
Tufted duck, Aythya fuligula 0 12 — 0
Red-crested pochard, Netta rufina 0 3 — 0
Little grebe, Tachybaptus ruficollis 0 1 — 0
Common coot, Fulica atra 0 18 — 5
Black-headed gull, Larus ridibundus 4 0 0 —
Common sandpiper, Tringa hypoleucos 1 0 0 —
Common kingfisher, Alcedo atthids 0 1 — 1
Swallow, Hirundo rustica 11 9 0 0
Savi’s warbler, Locustella luscinioides 7 5 1 2
Reed warbler, Acrocephalus scirpaceus 41 39 0 2
Great reed warbler, Acrocephalus arundinaceus 10 20 0 0
Sedge warbler, Acrocephalus schoenobaenus 60 20 1 2
Marsh warbler, Acrocephalus palustris 16 12 1 1
Icterine warbler, Hippolais icterina 2 0 0 —
Blackcap, Sylvia atricapilla 6 5 1 1
Barred warbler, Sylvia nisoria 1 0 0 —
Stonechat, Saxicola torquatus 1 0 0 —
Blackbird, Turdus merula 1 0 0 —
Song thrush, Turdus philomelos 0 2 — 0
Bearded titmouse, Panurus biarmicus 0 1 — 0
Penduline tit, Remiz pendulinus 14 0 1 —
Blue tit, parus caeruleus 1 0 1 —
Red-backed shrike, Lanius collurio 0 1 — 0
Starling, Sturnus vulgaris 4 0 2 —
Reed bunting, Emberiza schoeniclus 12 16 1 0
TOTAL 192 253 9 14

(4.7%) (5.5%)
PASSERIFORMES only 187 130 9 8
(4.8%) (6.2%)

of serological cross-reactivity, even in the neu-
tralization test (Filipe and Pinto 1969; Theiler
and Downs 1973; Madrid and Porterfield 1974;
Garea Gonzalez and Filipe 1977; Calisher et al.
1989; Weingartl et al. 2003; Crill and Chang
2004; Niedrig et al. 2007). Often, several anti-
genically closely related flaviviruses of the
same antigenic group co-occur in one area—
e.g., in Central Europe USUV together with
WNYV, both members of Japanese encephalitis
group (Weissenbock et al. 2002, 2003; Linke et
al. 2007). It is therefore sometimes very diffi-
cult to decide which virus was responsible for
the antibody production.

In the present study, we used neutralization
with the standard topotype Egyptian strain Eg-
101 of WNV (its suckling mouse brain ho-
mogenate) and carefully stored and thermally

inactivated avian serum (not plasma) samples
devoid of heparin, citrate, ethylenediaminete-
traacetic acid (EDTA), or any stabilizing sub-
stances like merthiolate. In addition, the lot of
fetal calf serum used in PRNuT was tested for
antibodies against WNV in a separate assay.
We estimated the results conservatively, as a
90% reduction in the number of plaques (not a
50% reduction, which is sometimes consid-
ered), and 1:20 dilution (instead of the usual
1:10) as a titer cut-off point. It is obvious that
these parameters could affect the results (Buck-
ley et al. 2006; Figuerola et al. 2007), and it is
therefore advisable to interpret results of fla-
vivirus serology with great care, especially dur-
ing the serosurveys in birds and wild mammals
(e.g., shot-killed game animals) where nonspe-
cific inhibitors of viruses could occasionally oc-
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TaBLE 2. DETAILED COMPARISON OF RECIPROCAL PRNMTgy TITERS AGAINST WEST NILE VIRUS (WNV) AND
Usutu Viruses (USUV) IN WNV SEROREACTORS?

No. Species Ageb Site Date WNV usuv
Z3 Fulica atra Adult 2 25 Apr. 2006 40 <20
z7 Fulica atra Adult 2 25 Apr. 2006 20-40 <20
720 Fulica atra Adult 2 4 May 2006 40 <20
722 Fulica atra Adult 2 4 May 2006 20-40 80
732 Fulica atra Adult 2 10 May 2006 20 20
N20 Parus caeruleus Young 1 15 July 2006 40 <20
N21 Acrocephalus scirpaceus Adult 1 15 July 2006 20 <20
N25 Sturnus vulgaris Young 1 15 July 2006 20 <20
N62 Remiz pendulinus Young 1 16 July 2006 20 NT
N97 Sturnus vulgaris Young 1 18 July 2006 20 <20
N104 Acrocephalus palustris Adult 1 18 July 2006 160 NT
N116 Sylvia atricapilla Adult 1 18 July 2006 20 <20
N119 Acrocephalus palustris Young 1 18 July 2006 20 <20
Ni121 Acrocephalus schoenobaenus Young 1 18 July 2006 20 <20
N131 Locustella luscinioides Adult 1 18 July 2006 20-40 <20
N133 Sylvia atricapilla Young 1 19 July 2006 20 NT
N149 Locustella luscinioides Adult 1 19 July 2006 40 <20
N155 Emberiza schoeniclus Young 1 19 July 2006 20 NT
N209 Alcedo atthis Adult 1 21 July 2006 20 NT
N217 Acrocephalus schoenobaenus Adult 1 21 July 2006 20 NT
N287 Acrocephalus scirpaceus Adult 1 22 July 2006 20 NT
N307 Acrocephalus schoenobaenus Adult 1 23 July 2006 20 NT
N331 Locustella luscinioides Young 1 23 July 2006 20 NT

@Boldface numbers indicate probable interpretation of the serology (WNV or USUV).
"Young = a hatching-year bird; adult = after-hatching-year bird; NT = not tested (very small volume of serum).

cur (e.g., Holden et al. 1965; Theiler and Downs
1973).

Previous serologic evidence of the WNV
presence in the habitat of fishponds Nesyt at
Sedlec was based on (1) detection of WNV an-
tibodies in several local young (hatching-year)
birds in 1985—1 Savi’s warbler, 1 marsh war-
bler, 3 sedge warblers, 6 reed warblers, 3
bearded tits (Panurus biarmicus), 1 penduline tit,
and 1 blue tit (Hubalek et al. 1989); and (2) se-
roconversion to WNV in 29% of 110 domestic
ducks kept solely on the Nesyt pond in 1988,
demonstrating that the virus was established
in this fishpond area (Juficovd and Halouzka
1993). In a previous study by Hubélek et al.
(1989), 4.3% of 704 wild birds examined in
southern Moravia (most sampled in the same
location on the Nesyt fishpond as in this study)
during 1984-1986 had HI antibodies against
WNV—a figure nearly identical to the present
result (20 years later) when 5.0% of 319 birds
captured on Nesyt fishpond were seropositive
against WNV.

Common pochards were all seronegative in
this study, as were 21 ducks of the same species

in southern Spain (Figuerola et al. 2007a); also,
other wild anseriform species were seronega-
tive. However, three of 18 common coots
(16.7%) were seropositive in this study, ap-
proaching results in Dofiana wetlands (Spain),
where 15%-50% of common coots revealed an-
tibodies to WNV during the years 2003-2006,
with a very high seroconversion rate of 17% in
2004 and 2005 (Figuerola et al. 2007b). In addi-
tion, one common coot was positive for USUV.
The common coot is obviously a good indica-
tor of the WNV presence and circulation. It is
more easily accessible than anseriforms for
feeding mosquitoes, because of bald spots in
the plumage on the head, and long skinny legs
that are exposed to mosquitoes on the shore.

Interestingly, all 30 examined individuals of
the great reed warbler were negative in our sur-
vey, and similarly no WNV antibodies were
found in 47 birds of this species on the
Neusiedlersee in Austria (Aspock et al. 1973),
whereas other species of ecologically similar
wetland warblers were positive in both areas
(3 of 224 reed warblers, and 1 of 15 Savi’s war-
bler in Austria).
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Aspock et al. (1973) examined HI antibodies
in birds trapped in the reedbelt habitat on the
Neusiedlersee during the autumn of 1971 (0.6%
of 488 birds were seropositive to WNV), the
winter of 1971 (all 125 negative), and the spring
of 1972 (2.8% of 142 examined were positive).
The difference between the autumn and spring
seroprevalence rates indicated that at least
some seropositive birds in spring had been in-
fected with WNV in their winter stay in
Africa—the individuals all included trans-Sa-
haran migratory species: the Savi’s warbler, the
reed warbler, and the moustached warbler
(Acrocephalus melanopogon). According to ring-
ing recoveries, of the seropositive bird species
found in the present study, the reed warbler,
the sedge warbler, the marsh warbler, and the
Savi’s warbler, are trans-Saharan migrants; the
blackcap is also migratory, overwintering in
the Mediterranean and Africa; the common
coot, the kingfisher, the penduline tit, the star-
ling, and the reed bunting are migratory
species wintering in the Mediterranean (mainly
in northern Italy, but the common coot and
starling also winter in western Mediterranean
countries, including Spain); and the blue tit is
a resident (sedentary) species although some
individuals migrate from Moravia to northern
Italy (Hudec 1983; Hudec and St’astny 2005). It
could mean that WNV seropositive adult birds
had been infected in Africa or in southern Eu-
rope, while young (hatching-year) birds were
infected in Moravia (or northeastern Europe).
Maternal antibodies against WNV, transferred
passively via egg yolk from seropositive fe-
males, can persist in birds on average for only
2—-4 weeks (Gibbs et al. 2005; Buckley et al. 2006;
Hahn et al. 2006). Identical results were de-
scribed for the related mosquito-borne fla-
vivirus of Japanese encephalitis (Buescher et al.
1959; Scherer et al. 1959). Because the hatching
season of seropositive bird species of Central
Europe is April to May (starling, blue tit) or
May to June (the warblers: Hudec 1983), the an-
tibodies found in young birds during the sec-
ond half of July (i.e., beyond one month after
hatching) were probably not maternal ones, but
could have been formed after a WNYV infection
transmitted by mosquitoes in Moravia.

In the present study we did not find a sig-
nificant difference in the seroprevalence rate
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between juvenile and adult birds. It is obvious
that juvenile birds may be infected in the breed-
ing grounds, whereas adult birds may be in-
fected in the breeding grounds, during migra-
tory stopovers, and in wintering areas.

In general, the data indicate indirectly lim-
ited WNV activity among birds in South
Moravia during 2004-2006, when only 3.3% of
wild birds were seropositive against WNV.
This is in concordance with findings in free-liv-
ing birds from some other European countries
between 2001 and 2005. For instance, no or very
low activity of WNV was documented in free-
living birds in France both near Lyon (all 364
examined birds were seronegative: Lena et al.
2006) and in the Camargue (1.8% of 227 birds:
Jourdain et al. 2007; or 4.6% of 388 passerines
in 2004: E. Jourdain, pers. comm.); and in Ger-
many (1.6% seroprevalence in 3,399 birds:
Linke et al. 2007). Higher seroprevalence rates
in that time period were found in some birds
living in traditional enzootic areas for WNV
in Europe: e.g., southern France (the Rhone
delta—the Camargue), where 10.7% of 271
magpies (Pica pica) had antibodies to WNV
(Jourdain et al. 2008) or southern Spain (the
Quadalquivir delta—Dofana), where 7.3% of
534 nearly full-grown chicks of seven waterbird
species had antibodies to WNV (Figuerola et al.
2007a). The only deviating study is that for
Great Britain, where as much as 14.7% of 353
wild birds reacted with WNV in PRNTyg in
2001-2002 (Buckley et al. 2003); the authors
considered titers as low as 1:10 to be positive,
and they did not use the topotype WNYV strain,
but three other WNV strains yielding widely
varying results.

The detection of antibodies in one common
coot (# Z22), probably attributable to USUV, is
of interest. This adult migratory bird could the-
oretically have been infected in neighboring
Austria, where this virus of African origin has
appeared since 2001 (Weissenbock et al. 2002).
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Presence of the mosquito Anopheles hyrcanus
in South Moravia, Czech Republic
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Abstract. During a survey of mosquitoes in the South Moravian lowland area, the
mosquito Anopheles hyrcanus (Pallas) (Diptera: Culicidae) was found breeding in an
ancient fishpond (Nesyt). It is not clear whether this southern Palaearctic species, a
known vector of malaria in Asia which has not been recorded in the Czech Republic
until this year, has gone undetected in the past or whether it has recently moved into
the region as a result of climate change.

Key words. Anopheles hyrcanus, geographic range, Central Europe, Czech Republic.

The mosquito fauna of South Moravia, in the southeastern
Czech Republic, has been intensely studied in the last decade.
The region is characterized by floodplain forests and meadows
on the banks of the rivers Morava and Dyje, and by sev-
eral fishponds. Annual flooding creates ideal breeding places
for synchronous species of mosquitoes (genera Ochlerota-
tus, Aedes). The catastrophic floods of 1997, 2002 and 2006
resulted in an abundance of mosquitoes (Mindf et al., 2001;
Olejnicek et al., 2003; Rettich et al., 2007). Regular monitoring
of mosquito larvae has served as a basis for targeted mosquito
control (Rettich et al., 2007). The role of local mosquitoes
as vectors of human pathogenic viruses has been studied by
several teams (Danielovd et al., 1972, 1976; Rosicky et al.,
1980; Hubdlek et al., 1998, 2000). Thirty-seven species of the
subfamily Culicinae and six species of the subfamily Anopheli-
nae have been recorded (Minaf, 1973; Mindi & Halgos, 1997;
Vanhara & Rettich, 1998). In the genus Anopheles, Anopheles
messeae Falleroni, Anopheles claviger (Meigen) and Anophe-
les plumbeus Stephens have been reported recently, whereas
Anopheles maculipennis s.s. Meigen, Anopheles atroparvus van
Thiel and Anopheles labranchiae Falleroni, known vectors of
malaria in the region in the first half of the 20th century, have
not been detected since the late 1960s (Minaf & Rosicky, 1975;
Vainhara, 1985, 1991; Vanihara & Rettich, 1998; Olejnicek et al.,
2003). However, detailed studies of anophelines require spe-
cific methods, such as the collection of blood-fed females for
examination of their eggs. Such techniques have not been used

in the past except by Vaihara (1985, 1991). Species records
were mainly based on larval collections, sweep-net catches of
adults or human-landing catches, but CDC miniature light traps
supplemented with CO, were used in the years 2007-2008
(within the framework of the European research project EDEN
[Emerging Diseases in a changing European eNvironment]).
We report on the capture of a number of females of Anopheles
hyrcanus (Pallas).

Slanisko is a nature reserve (10 ha) in the northwest
Pannonian biogeographic region, on the west bank of the Nesyt
fishpond near Sedlec village (48°47" N, 16°43’ E), 176 m
above sea level. This large mediaeval pond (322 ha), created
in 1418, is the westernmost segment of the Lednické Rybniky
National Nature Reserve fishpond system (Lednice fishponds),
which includes four other medium-sized ponds. The average
annual temperature and precipitation in the area are 9.3°C
and 490 mm, respectively. The reserve is characterized by
halophilic plants and insects. The littoral of the pond is partly
covered by dense reed beds about 50 m in width.

We suspended CDC miniature light traps (BioQuip Products,
Inc., Rancho Dominiquez, CA, U.S.A.) baited with CO, (2 kg
of dry ice in a 2700-cm® box) 1 m above the ground in a small
stand of willows adjacent to the reed beds of the pond. The
traps were run from 16.00 hours to 09.30 hours mid-European
time on two successive nights at 2-week intervals from spring
to late autumn in 2007 and 2008. Female mosquitoes were iden-
tified according to Kramdr (1958) and Becker et al. (2003).

Correspondence: Zdenek Hubdlek, Institute of Vertebrate Biology, Academy of Sciences, Medical Zoology Laboratory, Klasterni 2, 691 42 Valtice,
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In 2007, 346 females of four genera and nine species were
caught in the CO, traps between June and September. Culex
pipiens L. dominated (76.9%), although a proportion of these
may have been Culex torrentium Martini, a species that is mor-
phologically very similar; males reared from larvae collected
in the Valtice locality (near Sedlec) included both species.
Ochlerotatus cantans (Meigen) (9.0%) (also known as Aedes
cantans) and Aedes vexans (Meigen) (8.7%) were less frequent.
Only two anopheline females (one An. maculipennis s.l., one
An. plumbeus) were recorded. However, local conditions for
mosquitoes were unfavourable in 2007 because the water table
was unusually low and the pond was artificially dried out in
the summer.

In 2008 (Fig. 1), 1287 mosquito females of seven genera
and 14 species were captured. Aedes vexans and Oc. cantans
(including Ochlerotatus annulipes [Meigen], also known as
Aedes annulipes) dominated (29.4% and 21.7%, respectively).
Culex modestus Ficalbi (11.1%) was most abundant at the end
of July and the beginning of August, and Cx pipiens formed
8.9% of the 2008 collection. The catch in late June included six
female An. hyrcanus (var. pseudopictus), and the species was
consistently present in subsequent collections, amounting to a
final total of 56 females (4.3% of the total mosquito catch). Two
other Anopheles spp., An. maculipennis s.l. (most probably An.
messeae) and An. claviger were also collected (82 females,
6.4% of total mosquitoes). Interestingly, eggs laid by blood-
fed An. maculipennis s.1. that had been collected in stables in
the region were all An. messeae.

The geographic range of An. hyrcanus s.1. in Europe extends
as far north as the Pannonian plain (Ramsdale & Snow, 2000;
Becker et al., 2003). In countries neighbouring the Czech
Republic, An. hyrcanus has recently been reported from Hun-
gary (Té6th, 2003) and Slovakia (Halgo§ & Benkovd, 2004),
but not from Austria, Poland or Germany. The Sedlec locality
(48°47'N) is thus the northernmost site from which it has been
reported in central Europe. Anopheles hyrcanus is distributed
below 50°N over the entire southern Palaearctic region from the
Mediterranean sub-region to southeastern Asia in the Oriental
region (Gutsevich et al., 1970; Tanaka er al., 1979). However,

140
120 B An. hyrcanus |
0 Oc. cantans
100 E Ae. vexans —
80 O Cx. pipiens
Cx. modestus
60 A & Other species |
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9.-11.6. 23.-256. 7.-9.7. 21.-237. 4.-6.8. 18.-208. 1.-3.9. 17.-19.9. 29.9.-1.10.
Fig. 1. Seasonal occurrence of mosquitoes at the Nesyt fishpond
study site in 2008, expressed as the number of female mosquitoes

caught in CDC light—CO, traps per 2 nights.
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the taxonomy of An. hyrcanus s.1., including the taxonomic sta-
tus of An. pseudopictus, has remained controversial (Ramsdale,
2001). An. hyrcanus s.l. is an important vector of malaria in
some parts of Central Asia and the Far East (Rosicky & Weiser,
1952; Gutsevich et al., 1970).

Larvae of the species develop in shallow water basins
overgrown with vegetation, especially in reed beds and rice
fields (Becker et al., 2003). Larvae have not been found in
the surroundings of the Nesyt fishpond, but suitable breeding
sites and ecological conditions are probably present. Although
miniature CDC light—CO; traps were used in this area for the
first time in 2007, no An. hyrcanus were caught in that year,
perhaps because the pond was completely dry that summer.

It is possible that this new recording simply reflects the use
of a new sampling technique, but it is also conceivable that
the species has moved northwards as a consequence of the
current trend in climate warming (Olejnicek ez al., 2003; Mindr
et al., 2007).

Addendum: During the review process, the presence of
Anopheles hyrcanus in South Moravia in the years 2005-2007
was reported by Votypka et al. (2008).
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VECTOR-BORNE DISEASES, SURVEILLANCE, PREVENTION

Mosquito (Diptera: Culicidae) Surveillance for Arboviruses in an Area
Endemic for West Nile (Lineage Rabensburg) and Tahytia Viruses in

Massive broods of mosquitoes

Central Europe

Z. HUBALEK,"* I. RUDOLF,"' T. BAKONYI,>* K. KAZDOVA,' ]. HALOUZKA,' O. SEBESTA,’
S. SIKUTOVA,' Z. JURICOVA,' axnp N. NOWOTNY?

Institute of Vertebrate Biology v.v.i, Academy of Sciences, CZ-60365 brno, Czech Republic

J. Med. Entomol. 47(3): 466-472 (2010); DOI: 10.1603/ ME09219

ABSTRACT  Six viral isolates were obtained from 23,243 female mosquitoes (examined in 513 pools)
belonging to 16 species and collected along the lower reaches of the Dyje River in South Moravia
(Czech Republic, central Europe) during 2006-2008: five isolates of Orthobunyavirus Tahyia (TAHV,
California group, family Bunyaviridae: three isolations from Aedes vexans (Meigen), one from Ae.
sticticus (Meigen), one from Culex modestus Ficalbi); and one isolation of Flavivirus West Nile (WNV,
Japanese encephalitis group, family Flaviviridae)-strain Rabensburg (proposed lineage 3 of WNV)
from Ae. rossicus (Dolbeshkin et al). All viral isolates were recovered from mosquitoes collected in
2006 (15,882 mosquitoes examined), while no virus was isolated from mosquitoes trapped in 2007 and
2008, when 1,555 and 5,806 mosquitoes were examined, respectively. The population density of local
mosquitoes was very low in 2007 and 2008 because of warm and dry summer including a considerably
low water table, compared with environmental conditions favorable for mosquito development in
2006. The virus isolation procedure was based on intracerebral inoculation of newborn mice. In
parallel, more than one-third of the samples (183 pools consisting of 8,470 individual mosquitoes) were
also examined by inoculating Vero cell cultures in Leighton tubes. However, the latter method
detected only three of the six virus isolates (including WNV-Rabensburg). Ae. rossicus is a new
potential vector for WNV-Rabensburg. This species feeds mostly on mammals including man; this
raises the question whether this virus lineage is not adapted to an alternative mosquito-mammal cycle
in the South-Moravian natural focus.

KEY WORDS  Flavivirus, Orthobunyavirus, California group viruses, Aedes vexans, Aedes rossicus

(predominantly

2006, 2007, and 2008 within the framework of the

Aedes spp.) periodically occur in South Moravia
(Czech Republic) along the rivers Dyje and
Morava. This area has been known for a long time
as a natural focus of Valtice fever, caused by Tahyia
virus (TAHV, an Orthobunyavirus of the California
antigenic group, family Bunyaviridae (Kolman et al.
1964, Rosicky and Mdlkova 1970, Danielova et al.
1972, 1976) and since 1997 also as an area endemic
for West Nile-Rabensburg virus, the proposed lin-
eage 3 of West Nile virus (WNV, a Flavivirus of the
Japanese encephalitis virus group, family Flaviviri-
dae (Hubdlek et al. 1998, 2000, Bakonyi et al. 2005).
This article describes the results of virus isolation
attempts in local mosquitoes carried out in the years
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Materials and Methods

Study Sites. Mosquitoes were collected for virolog-
ical examination on two study sites in the district of
Breclav, South Moravia, Czech Republic. Climate of
the area is relatively warm and dry; mean annual air
temperature 9.1°C (January —1.7°C, July 19.2°C);
mean annual precipitation 528 -571 mm, with a max-
imum in June and a minimum in January.

Study Site 1: Nesyt. South-west banks of a large (322
ha), ancient fishpond Nesyt (48°46'34"’N, 16°42'05"E;
176 m a.s.l.) at Sedlec near Mikulov. The Nesyt fish-
pond is surrounded by a wide fringe of fields (corn,
maize, sugar beet), with scattered solitary trees,
shrubs or their small clumps, orchards, gardens, and
vineyards. A very characteristic plant community on
the study site (pond) is the alliance Phragmition com-
munis (with species Phragmites communis Trin., Typha
angustifolia L., T. latifolia L., Schoenoplectus lacustris
(L) Palla, Glyceria maxima (Hartm.) Holmb., Carex

0022-2585/10/0466-0472$04.00/0 © 2010 Entomological Society of America
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Table 1. Virological examination of female mosquitoes from the study sites in newborn mice, 2006-2008 (no. individuals/no. pools
examined)

Study site: Nesyt Soutok Total
mosquito species 2006 2007 2008 2006 2007 2008 o

Ae. cinereus Meigen 185/6 3/1 84/2 573/15 2/1 — 847/25
Ae. rossicus Dolbeshkin 38/3 — 3,091/63 38/2 — 3,167/68
Ae. vexans Meigen 130/4 38/1 100/2 5,073/102 312/6 3,888/78 9,541/193
Ae. cantans (Meigen) 1,381/28 41/3 199/4 1,699/37 8/2 50/1 3,378/75
Ae. caspius (Pallas) — 26/1 — — 2/1 — 28/2
Ae. cataphylla Dyar 226/4 — — 249/6 — — 475/10
Ae. flavescens (Miiller) — — — 50/1 — — 50/1
Ae. sticticus (Meigen) 141/3 16/2 — 1,536/31 26/3 — 1,719/39
Cx. modestus Ficalbi 1,467/31 — 129/3 5/1 — — 1,601/35
Cx. pipiens L. 58/3 927/19 543/11 9/2 55/2 482/9 2,074/46
Culiseta annulata (Schrank) — — 103/3 — — — 103/3
An. claviger (Meigen) — — 38/1 — — — 38/1
An. hyrcanus Pallas — — 49/1 — — — 49/1
An. maculipennis s.1. — 6/1 28/1 6/1 9/2 48/3 97/8
An. plumbeus Stephens — 3/1 — 3/1 5/2 38/1 49/5
Coquill. richiardii (Ficalbi) — — 27/1 — — — 27/1
Total 3,588/79 1,098/32 1,300/29 12,294/260 457/21 4,506/92 23,243/513

riparia Curt., Phalaris arundinacea L.) forming dense
and tall (2.8-3.6 min the littoral zone) reed-beds. This
reed belt is =50 m wide and covers 15% of the total
pond area. Mammalian fauna of the study site consists
of 33 wild species, domestic rabbit, pig, and cattle
farming occurs in Sedlec village situated at the north-
west bank of the fishpond. Thirty species of birds have
been recorded as breeding in the reed belt, while 51
other, largely terrestrial bird species breed in close
surroundings of the fishpond. Nesyt pond represents
an important resting place for a great number of mi-
grants. Twenty-four species of mosquitoes (Culicidae)
of genera Anopheles, Aedes, Culex, Culiseta, Coquillet-
tidia, and Uranotaenia have been recorded at the study
site.

Study Site 2: Soutok. There are two collection plots
within this study site: (1) ‘Strosflek’ (48°39'56"N,
16°55'36"E; 154 m a.sl.) and (2) ‘Hvézda® (48°38'41"N,
16°56'07"E; 154 m a.s.l.). Both are situated in the wild
game (deer, wild boar) reserve on the left, Czech bank
of the Dyje River close to the Austrian village of
Rabensburg lying on the opposite river bank. This
floodplain forest-meadow ecosystem is periodically
flooded (most frequently in spring); there are also
scattered small pools with stable water, dead river
arms, water channels, and periodic streams and pools
in the study area, situated in an extensive plain low-
land between the Rivers Dyje and Morava at their
confluence. Approximately 75% of the study area is
covered by forest, the rest are meadows. The vegeta-
tion of the area is characterized by the hard-wood
floodplain forest alliance Ulmenion (leading associa-
tion is Fraxino pannonicae-Ulmetum) and soft-wood
floodplain forest alliance Salicion albae (leading asso-
ciation is Salicetum albae) communities. Forty species
of mammals have been recorded here, as well as 104
bird species breeding in the site or nearby. However,
many other avian species have been recorded as vis-
iting this habitat during seasonal movements, espe-
cially during spring migration when the ecosystem is
flooded. Twenty-four species of mosquitoes of the

genera Anopheles, Aedes, Culex, and Culiseta have
been recorded at the study site, many of them being
seasonally very abundant.

Mosquito Collections. In 2006, mosquitoes were col-
lected with entomological sweep nets and battery-
operated aspirators over vegetation and while at-
tempting to feed on humans at irregular intervals from
May to October. In 2007 and 2008, mosquitoes were
captured in Centers for Disease Control and Preven-
tion (CDC) miniature light-CO, (dry ice) baited traps
(BioQuip Products Inc., Rancho Dominiquez, CA)
and in pigeon-baited lard-can traps (LePore et al.
2004, Deegan et al. 2005; captured mosquitoes are not
in direct contact with the sentinel pigeon) regularly at
2-wk intervals from April to October, both exposed at
one and 5 m (canopy level) of height. The traps were
run from 1600-0900 h on two successive nights. The
trapped insects were then transported to the labora-
tory in cooled flasks, and stored at —65°C until exam-
ination.

Virus Isolation Procedures. Mosquitoes were sexed
and identified (Kramai 1958, Becker et al. 2003) on a
cooled plate under stereomicroscope, and typically
monospecific pools of ~50 (10-100) females were
prepared. Pools were homogenized in 1.5-2.0 ml of
cooled phosphate-buffered saline pH 7.4 supple-
mented with 0.4% bovine serum albumin fraction V
(Sigma, St. Louis, MO), penicillin (500 i.u./ml), strep-
tomycin (100 pg/ml), and gentamicin (100 ug/ml)
(PBS). The homogenates were centrifuged at 1,500 X
g for 20 m (at 0°C), and supernatants inoculated in-
tracerebrally (0.02 ml) in SPF suckling ICR mice
(VELAZ Prague, Table 1). The mice were observed
for 20 d after inoculation; the brains of dead animals
were homogenized in PBS, centrifuged, and pas-
saged intracerebrally in a new batch of suckling
mice. Bacterial sterility of the suspensions was
checked in meat-peptone broth (Nutrient Broth:
HiMedia Labs, Mumbai, India) and thioglycollate
broth (Fluid Thioglycollate Medium: HiMedia) in-
cubated at 37°C for 5 d.
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Table 2. Virological examination of mosquitoes from the study sites in Vero cell cultures, 2006-2008 (no. individuals/no. pools
examined)

Study site: Nesyt Soutok Total
mosquito species 2006 2007 2008 2006 2007 2008

Ae. cinereus 17/1 — 60/1 233/5 2/1 — 312/8
Ae. rossicus — — — 1,435/29 38/2 — 1,473/31
Ae. vexans — 38/1 100/2 913/18 312/6 2391/48 3,754/75
Ae. cantans 50/1 41/3 199/4 385/8 — — 675/16
Ae. caspius — 26/1 — — — — 26/1
Ae. cataphylla — — — 24/1 — — 24/1
Ae. sticticus — — — 200/4 21/1 — 221/5
Cx. modestus 34/1 — 129/3 5/1 — — 168/5
Cx. pipiens 7/1 927/19 529/10 — 55/2 131/2 1,649/34
Culiseta annulata — — 103/3 — — — 103/3
An. hyrcanus — — 49/1 — — — 49/1
An. maculipennis s.1. — 6/1 — 6/1 — — 12/2
An. plumbeus — — — — 4/1 — 4/1
Total 108/4 1,038/25 1,169/24 3,201/67 432/13 2,522/50 8,470/183

Portions of a part of the homogenates (183 pools of
8,470 individual mosquitoes, see Table 2) were also
tested in parallel on Vero E6 cell cultures grown in
plastic Leighton tubes (NUNC) at 37°C, using cell
culture medium L-15 (Leibovitz; Sigma) with 5% (vol:
vol) of heat-inactivated fetal calf serum (FCS; Sigma)
and antibiotics penicillin (200 i.u./ml) and strepto-
mycin (100 ug/ml). After the cell cultures were nearly
confluent (2d), the cultivation medium was removed,
100 ul of mosquito suspension was pipetted onto du-
plicate tube cultures, incubated at 37°C for 60 m,
removed, and 2 ml of maintaining L-15 medium with
2% FCS and antibiotics penicillin (200 i.u./ml), strep-
tomycin (100 pg/ml), and gentamicin (100 ug/ml)
was added. The inoculated tube cultures were
checked under inverse microscope for the occurrence
of cytopathic effect for 7 d after inoculation. From
each mosquito suspension, 200 ul aliquots were left
aside, frozen and maintained at —20°C for molecular
analysis of viral RNA by reverse transcriptase-poly-
merase chain reaction (RT-PCR).

Virus Identification by Neutralization. Viral isolates
were identified by the constant serum-serial virus di-
lution neutralization test (Lennette and Schmidt
1969). Infective mouse brain homogenates were seri-
ally 10-fold diluted from 10~ 2 to 10~ ® in L-15 medium
containing 2% heat-inactivated FCS, 30 ul of the virus
dilutions were pipetted in microplates with 96 flat-
bottomed wells (Sarstedt), mixed with 30 ul of normal
orimmune (against various arboviruses) either mouse
sera prepared by three intraperitoneal doses at weekly
intervals in our laboratory or mouse immune ascitic
fluids (IAFs, received from the Ivanovsky Institute of
Virology in Moscow), that were heat-inactivated
(56°C for 30 m) and diluted 1:5 in L-15 medium. The
virus-serum mixtures were incubated at 37°C for 60 m,
60 wl of the Vero E6 cell suspension (15,000 cells) in
L-15 medium with 2% FCS was then added, incubated
at 37°C for 4 h, and overlayed with 120 ul of 0.75%
carboxymethyl cellulose in L-15 medium (Madrid and
Porterfield 1969, Hubalek et al. 1979). The microplates
were sealed in plastic bags, incubated at 37°C for 4-6
d according to the virus, evaluated under inverse mi-
croscope and stained with naphthalene black solution.

The log,, neutralization indices (NI titers with im-
mune versus normal mouse serum) were estimated for
each virus isolate, and log NI =2.0 values were re-
garded as decisive for the virus identification (Len-
nette and Schmidt 1969). The immune sera used in
assays were prepared against the bunyaviruses Tahytia
(TAHV, strain T16), Batai (BATV, strain Calovo), and
Sedlec (SEDV, strain AV172), flaviviruses West Nile
topotype strain Eg-101 (WNV lineage 1), West Nile
strain 97-103 (WNV proposed lineage three-Rabens-
burg virus), Usutu (USUV, strain Vienna 2001-black-
bird), Central European tick-borne encephalitis virus
(CEEV, strain Hypr), and orbivirus Tribe¢ (TRBV,
strain Lipovnik 91), and the IAFs were prepared
against alphavirus Sindbis (SINV), and flaviviruses
Dengue-1 (DENV-1), Tyuleniy (TYUV), and Japa-
nese encephalitis (JEV).

RNA Extraction and RT-PCR Procedure. Virus-pos-
itive mosquito pools and pools suspicious for virus
(those that killed mice but with negative results in
further mouse passages) were tested for viral RNA
(SINV, TAHV, WNV, USUV) by virus-specific RT-
PCRs. Viral RNA was extracted from 140 ul of the
mosquito homogenates by using the QIAamp viral
RNA Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. Specific oligonu-
cleotide primers for SINV (Kurkela et al. 2004), WNV
(Huang et al. 2001), WNV lineage three Rabensburg
(Bakonyi et al. 2005), and USUV (Bakonyi et al. 2004)
were used for the amplifications. Diagnostic primers
for the detection of TAHV in mosquitoes were de-
signed directly for the study: forward primer TahS226f
(5'-AAGCTGCTCTCGCTCGTAAG-3') and reverse
primer TahS972r (5'-GTGTGCTCCACTGAATACCT-
3'). Continuous RT-PCR system encompassed the
QIAGEN OneStep RT-PCR Kit (Qiagen). Each 25-ul
reaction mixture contained 5 ul of 5X buffer (final
MgCl, concentration 2.5 mmol/liter), 0.4 mmol/liter
of each deoxynucleoside triphosphate, 20 pmol of the
each primer, 1 ul enzyme mix (containing Omniscript
and Sensiscript Reverse Transcriptases and HotStar-
Taq DNA polymerase), and 2.5 ul template RNA.
Reverse transcription was carried out at 50°C for 30 m,
followed by a denaturation step at 95°C for 15 m.
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Viral isolates from mosquitoes in newhorn mice and Vero cell cultures

Sample no. Mosquito sp. Pool Study site Date collected Virus identified
06-122¢ Cx. modestus 32 Nesyt 1-1X-2006 TAHV
06-135 Ae. vexans 50 Soutok-Strosflek 25-VII-2006 TAHV
06-154“ Ae. sticticus 50 Soutok-Hvézda 25-VII-2006 TAHV
06-157 Ae. vexans 50 Soutok-Hvézda 25-VII-2006 TAHV
06-222 Ae. rossicus 50 Soutok-Hvézda 30-VI-2006 WNV
06-250" Ae. vexans 50 Soutok-Hvézda 26-1X-2006 TAHV

“ Negative on Vero cell cultures.

Thereafter, the cDNA was amplified in 40 cycles of
heat denaturation at 94°C for 40 s, primer annealing at
57°C for 50 s, and DNA extension at 72°C for 1 m, and
the reaction was completed by a final extension for 7m
at 72°C (Bakonyi et al. 2005). The PCR reactions were
performed in a PTC-200 Gradient Thermal Cycler (M]
Research, Waltham, MA). The PCR products were
then separated on 2% agarose gel, stained with
ethidium bromide and visualized by UV light. DNA
extraction, PCR handling as well as post-PCR proce-
dures were done in separate rooms to avoid possible
cross-contamination of the samples.

Nucleotide Sequencing and Sequence Analysis. The
partial nucleic acid sequences of the WNV isolate
06-222 and of an earlier isolate (99-222, previously
identified as WNV lineage 3, Rabensburg; Bakonyi et
al. 2005) were determined within this study. The nu-
cleic acids of the strains’ putative structural protein
coding regions were amplified in RT-PCR assays, re-
sulting in overlapping amplification products (Bako-
nyi et al. 2005). The nucleotide sequences of the prod-
ucts were determined in both directions, using
fluorescence-based sequencing amplifications (ABI
PRISM Big Dye Terminator Cycle Sequencing Ready
Reaction Kit, Applied Biosystems, Stafford, TX). Se-
quences were read in an ABI PRISM 310 Genetic
Analyzer (Applied Biosystems), and were identified
by the Basic Local Alignment Search Tool (BLAST,
http:/ /blast.ncbi.nlm.nih.gov/Blast.cgi). The overlap-
ping nucleotide sequences were aligned, continuous
sequences were compiled, and they were compared
with the complete genome sequence of the WNV
Rabensburg strain 97-103 (GenBank accession num-
ber AY652464), using the Align Plus four (Scientific
and Educational Software), ClustalX 1.81, and BioEdit
4.8.6 programs. The putative amino acid sequences of
the structural protein (C, M, and E) coding region of

the precursor polypeptide were deduced from the
nucleotide sequences, and were aligned with that of
the 97-103 strain.

Results

Virus Isolations from Mosquitoes. The mosquitoes
examined virologically in the years 2006, 2007, and
2008 are listed in Tables 1 and 2, and the results in
Table 3. In 2006, six viral isolates were obtained by
intracerebral inoculation of suckling mice out of a total
of 15,882 mosquitoes (339 pools) examined, while no
virus was isolated in 2007 and 2008 when 1,555 mos-
quitoes (53 pools) and 5,806 mosquitoes (121 pools)
were tested, respectively. Five mosquito suspensions
killed the newborn mice very rapidly, within 3-6 d
post-intracerebral inoculation (AST = 3.5-5.1 d),
while the sample 06-222 caused death of newborn
mice much slower, within 8-18 d (AST = 10.8 d).
However, at the first and second passage, the survival
time of the mice decreased to 8.2 and 7.0 d, respec-
tively (Table 4), and at the third passage it was further
reduced to 6.0 d with the range 5-8 d. When using
Vero cells, only three of the six virus strains isolated by
the suckling mice intracerebrally assay could be re-
covered (Table 3).

Identification of Virus Isolates. Neutralization log,,,
indices (NI) of immune mouse serum prepared
against TAHV and tested with strains 06-122, 06-135,
06-154, 06-157, and 06-250 (Table 3), were >2.0,
whereas they were <0.8 with immune sera or IAFs
raised against all other arboviruses tested (BATV,
SINV, WNV, JEV, DENV-1, CEEV, TYUV), indicating
that these five virus isolates were identified as TAHV.
However, isolate 06-222 reacted with immune sera and
IAFs with following NI (in order with decreasing
values): WNV-Rabensburg 3.5, WNV-Egl01 3.0,

Table 4. Fatality rate and avg survival time of newborn mice (SM) after intracerebral inoculation with particular viral isolates

SM passage 0 (original

SM passage 1

SM passage 2

Isolate no. suspension) Virus identified
FR" AST” (range) FR" AST (range) FR* AST" (range)
06-122 12/12 35 (3-4) 11/11 3.0 (3-3) NT NT TAHV
06-135 11/11 43 (4-5) 10/10 3.0 (3-3) NT NT TAHV
06-154 22/23° 42 (3-6) 9/9 3.0 (3-3) NT NT TAHV
06-157 22/22° 42 (3-6) 10/10 31 (3-4) NT NT TAHV
06-222 9/12 10.8 (8-18) 18/18 8.2 (6-12) 8/8 7.0 (6-11) WNV
06-250 10/11 51 (4-6) NT NT NT NT TAHV

“ Fatality rate: no. of mice killed/no. of mice inoculated; ” average survival time (d); ¢including a re-isolation attempt.

NT, not tested.
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Table 5. Nucleotide substitutions of three WNV-Rabensburg strains, which were isolated from mosquitoes collected in 1997, 1999,

and 2006 in the same geographic location

Region 5UTR preM M E NS1
Position 84 582 609 720 885 1330 1599 2016 2148 2247 2613 2949
97-103 c a c c c t t c t g c
99-222 . . t a t c c t c a t
06-222 t g* . a .

Positions refer to the complete genome sequence of WNV Rabensburg strain 97-103 (AY652464). Coding regions are indicated in the top
line. Nucleotide substitutions resulting in amino acid changes are marked with *.

USUV 1.5, DENV-1 1.0, CEEV 0.8, SEDV 0.8, SINV 0.3,
BATV 0.3, TAHV <0.3, TRBV <0.3. Consequently,
this isolate proved to be a WNV, possibly belonging to
WNV lineage 3-Rabensburg (because of the highest
NI value).

Strain 06-222 has further been characterized by a
low virulence for adult mice: it did not kill 6-wk old
ICR mice inoculated intraperitoneally (i.p.), subcu-
taneously (s.c.), or even intracerebrally (four mice
tested per each route), which is in contrast to Eg-101
topotype strain of WNV (lineage 1) that kills adult
mice by intracerebral administration (Melnick et al.
1951). However, strain 06-222 killed suckling mice
when given as infective 5% mouse brain suspension at
either route (s.c., i.p., i.c.; at least eight newborn mice
were tested per each route).

Virus RNA Detection in Mosquito Suspensions. A
total of 27 positive or suspicious mosquito pools were
tested using RT-PCR. Viral RNA was detected in six of
them: the mosquito homogenates 06-122, 06-135, 06-
154, 06-157, and 06-250 were found to contain TAHV
RNA, and 06-222 revealed an amplification product
indicative of WNV.

Sequence Comparisons of WNV Rabensburg
Strains. The nucleotide sequences of the 06-222 and
99-222 strains were determined between nucleotide
positions 23 and 3114, referred to the WNV Rabens-
burg isolate 97-103. These sequences cover the coding
regions of the putative structural proteins C, M, and E.
The nucleotide substitutions of the three strains are
summarized in Table 5. Within the investigated re-
gion, 12 nucleotide substitutions were identified, most
of them transitions. One nucleotide change in strain
99-222 resulted in an amino acid substitution within
the putative E protein (Thr,,, to Ala), and another
change resulted in an amino acid substitution within
the putative preM protein (Ile;4, to Met). Nucleotide
sequences identified in this study were submitted to
GenBank under accession numbers GQ421358 and
GQ421359.

Discussion

Whereas Tahytia virus has been isolated in South
Moravia repeatedly and frequently (e.g., Kolman et al.
1964, Rosicky and Malkova 1970, Danielovi et al. 1976,
Hubdlek et al. 2000), WNV was first found in this area
only in 1997 (Huba4lek et al. 1998). Here we report the
recovery of the third isolate (06-222) of WNV lineage
3 (Rabensburg) from mosquitoes in the Czech area

‘Soutok’ at the confluence of the rivers Dyje and
Morava and forming, at the same time, the conjunction
of frontiers among three countries: Czechland (Czech
Republic), Austria, and Slovakia. The first two strains
of WNV-Rabensburg were isolated previously from
Cx. pipiens mosquitoes in 1997 (97-103) and in 1999
(99-222) in the same locality (Hubalek et al. 1998,
2000). It is obvious that WNV-Rabensburg is persisting
in this natural focus. We can only speculate whether
the WNV strain isolated from Ae. cantans mosquitoes
collected at Malacky, West Slovakia (air distance ~30
km from the Czech ‘Soutok’) in 1972 (Labuda et al.
1974) could not have been also the Rabensburg lin-
eage.

Local circulation of WNV in South Moravia was first
indicated in 1985 by detecting specific antibodies in
4.3% of 704 free-living wetland birds, including 17
young (hatching year) wetland passerines of seven
species, on Nesyt fishpond (Hubadlek et al. 1989). This
enzootic focus was confirmed 3 yr later during a se-
rosurvey of 110 sentinel domestic ducklings kept on
this pond over the summer season, when WNV anti-
bodies appeared in 29% of the birds (Ju¥icova and
Halouzka 1993). In 1997, the first five human West
Nile fever cases were observed in South Moravia (Hu-
balek et al. 1999), in parallel with the first isolation of
WNYV from mosquitoes in this region (Hubdlek et al.
1998).

All three present WNV-Rabensburg strains have in
common a peripheral mouse virulence lower than that
of the topotype Egyptian WNV strain Eg-101 (Melnick
et al. 1951). They do not kill adult laboratory mice at
either route, even when given intracranially. It might
be a common feature of this lineage, making it a po-
tential candidate for a WNV vaccine. WNV strains
with a decreased neuroinvasiveness have been re-
ported (Pogodina et al. 1983, Halevy et al. 1994). This
attenuation, even within WNV lineage 1, could be
caused by glycosylation, mutation or other changes of
the viral envelope protein (Halevy et al. 1994, Adams
et al. 1995, Berthet et al. 1997, Chambers et al. 1998).

In 2006, minimum infection rate (MIR, expressed as
the mean number of virus isolates per 1,000 mosqui-
toes tested) for TAHV and its principal vector Ae.
vexans was 0.58 (1:1,734), which is very similar to that
found in 1997 when it was 0.60 (1:1,670) in the same
area (Hubdlek et al. 2000). MIR for TAHV and the
other virus-positive mosquito species Ae. sticticus and
Cx. modestus were also very closely related, 0.60 (I:
1,677) and 0.68 (1:1472), respectively. However, no
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TAHYV isolates were recovered from Ae. vexans in 2007
(350 individuals examined) and 2008 (as much as 3,988
individuals tested). For WNV-Rabensburg and its po-
tential new vector Ae. rossicus, the MIR was 0.32 (1:
3,091) in 2006, whereas no WNV isolate was recovered
from a total of 2,074 Cx. pipiens and 1,601 Cx. modestus,
principal vectors of WNV, in 2006-2008. Previously,
MIR for WNV-Rabensburg in Cx. pipiens was as high
as 4.31 (1:232) in 1997 but low, 0.28 (1:3,546), in 1999
(Hubalek et al. 2000).

The population density of local mosquitoes was very
low in 2007 and 2008, because of warm and dry sum-
mer including a considerably low water table, com-
pared with environmental conditions favorable for
mosquito development in 2006. This may be the reason
why no viruses were isolated from mosquitoes in 2007
and 2008 rather than the change in the capture method
that was because of the implementation of the EDEN
project standardized techniques.

Ae. rossicus may be considered a new potential vec-
tor for WNV. Interestingly, this species feeds mostly
on mammals including man (Kramai 1958) whereas a
majority of competent mosquito vectors of WNV are
ornithophilic. This raises the question whether the
WNV-Rabensburg lineage might be adapted to an
alternative mosquito-mammal cycle in the South-
Moravian natural focus.

The three WNV-Rabensburg isolates show very lit-
tle nucleotide sequence diversity (0.1-0.3%), which
indicates that practically the same virus strain has
been circulating in the region during 9 yr, and the
structural proteins have not been exposed to consid-
erable selective pressure. The background of the sta-
ble endemic maintenance of the WNV-Rabensburg
lineage needs further investigations.

More than one-third of the samples (183 pools con-
sisting of 8,470 mosquitoes) were also examined by
inoculating Vero cell cultures in Leighton tubes in
parallel to mouse inoculation: this method detected
only three of the six virus strains (including WNV).
The isolation assay on Vero E6 cells seems therefore
to be (at least in our hands) significantly less sensitive
than the suckling mouse intracerebral assay. In con-
trast, specific RT-PCRs detected RNAs of TAHV and
WNV in all suspensions that were virus-positive by the
suckling mouse inoculation assay.
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ABSTRACT: Mosquito collections with CDC light traps using dry ice and pigeon-baited traps were carried out in south
Moravia (Czech Republic) from April to October in 2007 and 2008 at two study sites. In 2007, 11 two-day captures were
carried out in two-week intervals, and 1,490 female mosquitoes of nine species were caught. In 2008, 15 two-day trappings of
mosquitoes were carried out: 6,778 females of 22 species of mosquitoes were trapped. The results showed marked differences
in abundance and species composition of mosquitoes between both study sites and between the trapping methods. In the
floodplain forest ecosystem of the Soutok study area, Aedes vexans predominated. The species composition in the Nesyt
study site was more varied and the most common species was Culex pipiens. At the latter study site, Anopheles hyrcanus (var.
pseudopictus) and Uranotaenia unguiculata, mosquito species with largely southern Eurasian distribution, were repeatedly
demonstrated. The largest capture of mosquitoes was in traps with CO, placed at a height 1 m above the ground. The capture
of mosquitoes in the pigeon-baited traps as well as in the traps with CO, placed in the canopy of trees was markedly lower in

both study sites, with the predominant species being Culex pipiens. Journal of Vector Ecology 35 (1): 156-162. 2010.

Keyword Index: Anopheles, Aedes, Culex, climate, ecology, mosquitoes.

INTRODUCTION

Special attention has been directed toward mosquitoes
in south Moravia within the Czech Republic as a result of
the frequent flooding of their extensive breeding sites in
flood-plain forests along the lower courses of the Morava
and Dyje rivers (Kramar and Weiser 1951). Numerous
entomological studies have been carried out here (Kramar
1958, Palicka 1967, Vanhara and Rettich 1998, Minaf et
al. 2001, Olejnicek et al. 2004, Rettich et al. 2007). Regular
monitoring of mosquito breeding sites, primarily focused
on protecting the human population from this pestilent
insect, has also taken place in the region since 1995 (Sebesta,
unpublished data).

A second reason for the increased interest in
mosquitoes of south Moravia is the relatively warm climate
of this region. The lowlands near the lower courses of the
Morava and Dyje form one of the warmest regions of the
Czech Republic and, due to their position in proximity to
the Pannonian lowlands and the lowlands of Lower Austria,
serve as a gateway for thermophilic species of plants and
animals. Several interesting species of mosquitoes have
been discovered here. In the middle of the 20th century,
for example, the occurrence of Anopheles atroparvus and
An. labranchiae (Havlik and Rosicky 1949, 1952, Rosicky
and Havlik 1951, Minaf and Rosicky 1975), the incidence
of which was not reported in other parts of the Czech
Republic, was recorded here. Other interesting findings
arose in the 1970s and 1980s, when the incidence of Ae.
nigrinus (Vanthara 1987), and the Mediterranean species
Uranotaenia unguiculata (Ryba et al. 1974) and Culex

martinii (Varthara 1981, 1986), was noted here for the first
time in the Czech Republic. The latest species found is An.
hyrcanus (Votypka et al. 2008, Sebesta et al. 2009). These
species had also not been found previously at other locations
in the Czech Republic. Of the 45 species of mosquitoes
whose occurrence within the entire Czech Republic has
been reported (Mindf and Halgo$ 1997, Orszagh et al. 2006,
Rettich et al. 2007), 37 species in total have been detected in
south Moravia (Vanthara 1991, Vaihara and Rettich 1998,
Rettich et. al. 2007, Sebesta et al. 2009).

Great attention is also devoted to local mosquitoes as
potential vectors of pathogens, from which the Tahyna,
Batai, Lednice, and West Nile viruses have been recorded
(Danielova et al. 1972, Rosicky et al. 1980, Hubalek et al.
1998, 2000). Up until the middle of the last century, an
endemic incidence of malaria was noted in this region
(Havlik and Rosicky 1952).

As part of the European project EDEN (2005-2009),
mosquito fauna has been studied since 2006 in the south
Moravian endemic region of the “Rabensburg” genomic
lineage of West Nile virus (Hubdlek et al. 1998, 2000,
Bakonyi et al. 2005). The aim of this study was to analyze
species composition of local mosquito fauna, compare it
with previous reports of other authors, and collect material
for subsequent arbovirological studies.

MATERIALS AND METHODS
The two selected study sites, where the presence of the

West Nile virus had been documented, are about 20 km
distant from one another. They constitute two distinct, yet
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Figure 1. Map of study sites in the Czech Republic.

typical, habitats for the monitored region (Figure 1).

The Soutok area (48°37" — 48°44’N, 16°53’ — 16°59’E;
151-153 m above sea level) is part of an extensive complex
of floodplain forests and irregularly inundated meadows
located between the Morava and Dyje Rivers and in close
proximity to their confluence (“soutok” in Czech), relatively
unaffected by human activities. Spring floods of various
amounts are an almost yearly event and are caused by
groundwater and seepage water. The region also often tends
to be flooded by overflowing rivers. In the summer months,
overflows occur irregularly and sometimes repeatedly in
a single year. The main breeding sites of Aedes species are
found here. In this location, two localities were selected.
The results from both, however, are processed together. In
each of the two locations, the West Nile virus (Rabensburg
lineage) was recently isolated from Cx. pipiens mosquitoes
(Hubdlek et al. 1998, 2000, Bakonyi et al. 2005).

Nesyt Fishpond (48°47'N, 16°43’E, 176 m asl) is
located near the village of Sedlec. It is part of a complex
of five fishponds forming the Lednické Rybniky National
Nature Reserve. Nesyt was established in 1418, and with an
area of 322 ha, it is the largest Moravian fishpond. Its banks
are bordered with a dense, almost impenetrable growth of
reeds (Phragmites communis), which in some places reaches

%5 - 02006

@2007

a width of several tens of meters. The mosquito trapping
site is comprised of a cluster of trees (willows) and shrubs
growing on the edge of the waterfront vegetation and is
bordered by a meadow with the Slanisko Nature Reserve,
characterized by the appearance of halophilic plants and
insects (e.g., Scorzonera parviflora, Tripolium pannonicum,
Bucculatrix maritima, Coleophora halophilella). At Nesyt,
circulation of the West Nile virus was documented indirectly
years ago by the detection of specific antibodies in local
domestic ducks (Juficova and Halouzka 1993). The location
is outside the flooded area, and the condition of the water
there is stable.

The region of south Moravia is characterized by a
relatively dry and warm climate with an average daily
temperature of 9.3° C and an average annual precipitation of
490 mm. From a meteorological perspective, the conditions
in the two years of this study (2007, 2008) were different.
The winters were warm, and no snow cover was formed
in south Moravia. The mean January 2007 temperature
was +4.2° C (the warmest January within the last 50 years;
difference from the average 1961-1990 is +6.1° C). In
January 2008 the mean temperature was +2.1° C (difference
+4.0° C from the average). Mean temperatures in February
2007 and 2008 were +4.4° C (difference +4.1° C) and 3.2° C
(difference +2.9° C), respectively (Figure 2). Snowfall was
low even in the mountains in the Czech Republic, and thus
the spring floods did not arrive. The flow rate of water in the
Morava and Dyje Rivers was below average for nearly the
entire year, and thus neither river overflowed. The larval site
at the Soutok location was inundated only by groundwater
and seepage water for only a short period and to a small
extent.

Trapping of mosquito adults was conducted from
the beginning of April to the end of October. Two types
of traps were used: CDC miniature light traps with CO,
(BioQuip Products, Inc., Rancho Dominiquez, CA, US.A.,
supplemented with dry ice, and lard-can traps baited with
a live pigeon (LePore et al. 2004, Deegan et al. 2005). Both
types of traps were hung in parallel at heights of 1 m and

20 +—
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Figure 2. Mean monthly air
temperature (° C) in the study area,
2006-2008, compared with a long-
term average (Velké Pavlovice; data
from Czech Hydrometeorological
Institute in Brno).
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Figure 3. Monthly sum of precipitation

&0 (mm) in the study area, 2006-2008,
compared with the long-term average
(Velké Pavlovice; data from Czech
Hydrometeorological Institute in
Brno).
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Table 1. Species composition of mosquitoes at study site
Nesyt.

Species Number Percent of
collected collection
Culex pipiens/torrentium 1,514 51.9
Aedes vexans 430 14.8
Aedes cantans 393 13.5
Aedes cinereus 83 2.8
Aedes sticticus 19 0.7
An. maculipennis s.1. 42 1.4
An.claviger 50 1.7
Cs. annulata 105 3.6
Cq. richiardii 29 1.0
Ae. flavescens 9 0.3
Ae. cataphylla 7 0.2
Cx. modestus 136 4.7
Cs. morsitans 2.0 0.1
An. hyrcanus 57 2
Other species 39 1.3
Total 2,915

Table 2. Species composition of mosquitoes at study site
Soutok.

Species Number Percent of
collected collection

Ae. vexans 4,618 86.3

Ae. sticticus 337 6.3

Cx. pipiens/torrentium 239 4.5

An. maculipennis s.1. 34 0.6

An. plumbeus 45 0.8

Ae. cantans 19 0.4

Ae. rossicus 34 0.6

Other species 27 0.5

Total 5,353

Aug. Sept. Oct. Nov. Dec.

5 m; the horizontal distance between individual traps was
about 25 m. The traps were distributed around 16:00 (EET)
and were left exposed overnight. Mosquitoes were collected
in the morning around 09:00, transported in a refrigerating
bag (at about 0° C), and stored in the laboratory at -60° C
until examination. Identification of females was conducted
according to Kramar (1958) and Becker et al. (2003), and
isolated males were not included in the overall results. In
parallel with these trapping techniques, control collections
were done of mosquito males (hypopygium morphology)
and fed anopheline females (for oviposition) and larvae and
pupae to make exact species identification of mosquitoes
possible. A paired t-test was used to statistically compare
the data.

RESULTS

A total of 8,268 female mosquitoes of 22 species,
belonging to six genera, was caught in the traps during
2007-2008 (Tables 1 and 2). One additional species (Ae.
dorsalis) was collected only with an entomological net.

At the Nesyt location, a total of 2,915 female
mosquitoes was caught during the two years. The relative
overall abundance was 14.0 females/trap/night. The
mosquitoes belonged to 17 species, the dominant being Cx.
pipiens, with 1,514 captured females, representing 51.9%
of the total number of captured specimens. A summary
of the mosquitoes captured at Nesyt is shown in Table 1.
The collection of five females of Ur. unguiculata and, in
particular, 57 females of An. hyrcanus (var. pseudopictus)
(2.0%) is interesting. At the Nesyt location, this species was
the most abundant of the Anopheles genus (Sebesta et al.
2009). In the Soutok region, 5,353 females were caught in
2007 and 2008 combined. The relative overall abundance of
mosquitoes was 12.87 females/trap/night. The mosquitoes
belonged to 13 species, the dominant being Ae. vexans
with 4,618 females (86.3%). A summary of species captured
at this location is shown in Table 2.

In both years, capture in CDC light-CO, traps was
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Table 3. Total female mosquitoes captured in different traps, 2007-2008.

CDC light-CO, traps

Pigeon-baited traps

Total
1 m height 5m height 1m height 5m height

Anopheles claviger 53 0 0 0 53
An. hyrcanus 56 1 0 0 57
An. maculipennis s. I.! 74 2 0 0 76
An. plumbeus 36 9 3 0 48
Aedes cinereus 82 1 0 0 83
Ae. rossicus 34 3 0 0 37
Ae. vexans 4,988 60 2 1 5,051
Ae. cantans’ 398 9 1 4 412
Ae. caspius 25 3 0 0 28
Ae. cataphylla 15 0 0 0 15
Ae. excrucians 4 0 0 0 4
Ae. flavescens 8 1 0 0 9
Ae. sticticus 350 4 2 0 356
Culex modestus 126 10 2 0 138
Cx. pipiens’ 451 863 198 241 1,753
Culiseta annulata 102 6 0 0 108
Cs. morsitans 1 1 2
Coquillettidia richiardi 29 33
Uranotaenia unguiculata 5 0 5
Total 6,837 976 209 246 8,268

' An. maculipennis and An. messeae.
* Together with Ae. annulipes.
* Together with Cx. torrentium.

considerably higher (25.3 per trap per night) and all
detected species were found therein (Table 3). Ae. vexans
was the most represented, while Cx. pipiens, Ae. cantans, Ae.
sticticus, and Cx. modestus were markedly less so and other
species represented fewer than 1% of the total number of
captured females. Only 455 specimens (1.4 females/trap/
night) of eight mosquito species were caught in pigeon-
baited traps, with Cx. pipiens the dominant species collected
(Table 3).

A markedly higher capture of mosquitoes was recorded
in traps placed at a height of 1 m. In total, 7,046 females
were caught (22.3 trap/night). The dominant species was
Ae. vexans, with lesser numbers of Cx. pipiens. At a height of
5 m (“canopy”), the occurrence of 1,222 female mosquitoes
(3.9 per trap per night) was recorded, with Cx. pipiens
dominant and lesser numbers of Ae. vexans (Table 3). We
tested the statistical significance of differences in mosquito
yields with traps situated at the two levels (1 m and 5 m),
using a paired t-test and omitting those collection days
when no mosquitoes were caught in the compared pair of
traps. The light-CO, traps at ground level caught an overall
average (both years, all study sites) of 88.07 mosquitoes,
while those in the canopy captured only 7.93 individuals,
a highly significant (P = 0.0004) difference. However, the

average number of Cx. pipens was 5.38 at ground level, but
10.14 at the canopy level, a significant (P = 0.005) difference.
It was also significant when both years 2007 and 2008 were
treated separately (P = 0.017 and P = 0.05, respectively).
In the pigeon-baited traps, the overall average was 3.53 at
ground level, and 4.07 at canopy level for all mosquitoes
(both values do not differ significantly, P = 0.20), and for
Cx. pipiens the averages were 3.36 and 4.10, respectively.
This difference is also not statistically significant (P = 0.12).

DISCUSSION

The recent emergence of a few important mosquito-
borne viruses in Europe (West Nile Flavivirus, Chikungunya
Alphavirus) has increased the interest of medical
entomologists in monitoring mosquitoes in endemic areas.
Most European teams have used trapping methods similar
to those in the present study, especially the CDC miniature
light traps with CO, and bird-baited traps (Savage et al.
1999, Esteves et al. 2004, Romi et al. 2004, Balenghien et al.
2006, Pongon et al. 2007, Aranda et al. 2009).

Forty-five species of mosquitoes were recorded in the
Czech Republic, and 37 of them were also found in southern
Moravia (Vanhara 1991, Minat and Halgo$ 1997, Vanhara
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Table 4. List of all mosquito species found in the Czech Republic, with their previous reports from South Moravia and the

present study.
Species S- . This Species S . This
Moravia  study Moravia ~ study
Anopheles atroparvus van Thiel +! Ae. pullatus (Coquillett)
An. claviger (Meigen) + + Ae. punctor (Kirby)
An. hyrcanus (Pallas) +! Ae. refiki (Medschid)
An. labranchiae Falleroni +! Ae. riparius (Dyar & Knab)
An. maculipennis (Meigen) + + Ae. rossicus Dolbeskin,
An. messeae Falleroni + + Gorickaja & Mitrofanova + +
An. plumbeus Stephens + + Ae. rusticus (Rossi)
Aedes annulipes (Meigen) + + Ae. sticticus (Meigen)
Ae. cantans (Meigen) + + Ae. vexans (Meigen)
Ae. caspius (Pallas) + + Coquillettidia richiardii (Ficalbi)
Ae. cataphylla (Dyar) + + Culex hortensis Ficalbi
Ae. cinereus Meigen + + Cx. martinii Medschid +!
Ae. communis (De Geer) + Cx. modestus Ficalbi +
Ae. diantaeus (Howard, Dyar & Knab) Cx. pipiens Linnaeus +
Ae. dorsalis (Meigen) + Cx. territans Walker +
Ae. excrucians (Walker) + Cx. torrentium Martini + +
Ae. flavescens (Muller) + Culiseta alaskaensis (Ludlow) +
Ae. geminus Peus + Cs. annulata (Schrank) + +
Ae. geniculatus Olivier + Cs. glaphyroptera (Schiner)
Ae. intrudens (Dyar) + Cs. morsitans (Theobald) + +
Ae. leucomelas (Meigen) + Cs. ochroptera (Peus)
Ae. nigrinus (Eckstein) +1 Cs. subochrea (Edwards) +
Ae. pulcritarsis (Rondani) Uranotaenia unguiculata Edwards +! +

'Within the Czech Republic, only reported from southern Moravia.

and Rettich 1998, Orszagh et al. 2006, Rettich at al. 2007,
Sebesta et al. 2009) (Table 4). In this study, 23 species were
recorded. Females of Ae. cantans and Ae. annulipes, and Cx.
pipiens and Cx. torrentium, were not always distinguishable
with certainty and were regarded tentatively in this study as
being either Ae. cantans or Cx. pipiens. Using the oviposition
identification technique, Anopheles maculipennis s.l.
was represented by two species, viz An. messeae and An.
maculipennis s.s. Aedes dorsalis was only collected with
entomologic nets.

We have not found any mosquito of the species Ae.
communis that was reported by other authors from South
Moravia. On the other hand, Ur. unguiculata was rarely
reported by previous authors (Ryba et al. 1974), while it
appeared in three samplings in this study. An. hyrcanus was
first found here in 2005 (Votypka et al. 2008). That study,
however, was not published until the end of 2008 and thus
was not known to us at the time of our study (Sebesta et al.
2009). The nearest finding of An. hyrcanus until this time
was reported in Slovakia (Halgo$ and Benkova 2004).

The results of this study were affected by unusual

meteorological conditions in the years 2007-2008, i.e., warm
winter weather without snow cover associated with the
resulting absence of floods. In this regard, it is interesting
to compare the incidence of mosquitoes in this year with
the results of a study from 2006 (Rettich et al. 2007), when,
in addition to destructive spring floods, two local floods in
June and August also affected the Soutok area. All of these
events were followed by mosquito calamities. In that year, an
extensive study of mosquito larvae was conducted: during
April floods a large amount of larvae of spring species,
especially Ae. cataphylla (20.4% of all collected larvae), Ae.
cantans/annulipes (19.6%), and Ae. intrudens (7.1%) was
discovered. At almost the same time as larvae of the spring
species, larvae of species more typical of the summer season
also appeared (Ae. sticticus: 39.0%, Ae. vexans: 8.3%, Ae.
cinereus/rossicus: 4.2%). During the June and August floods
0£2006, Ae. vexans (38.2% in June and 57.4 % in August), Ae.
sticticus (30.3% and 34.6%, respectively), and Ae. cinereus/
rossicus (26.1% and 7.9%, respectively) larvae predominated.
In our study, the occurrence of female mosquitoes of spring
species was detected only rarely; mosquito activity increased
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over the course of June, and the dominant species was Ae.
vexans. It is also interesting that mosquitoes collected with
entomological nets in the same habitats in 2006 yielded two
arbovirus strains (Tahyna and West Nile), while no virus
was recovered from mosquitoes collected during the present
study in 2007 and 2008 (Hubdlek et al. 2010).

A marked difference was recorded between the two
study sites in the species composition of mosquito fauna.
Fewer mosquito species were detected in the Soutok area
and there was dominance of flood-water species Ae. vexans
and Ae. sticticus, while at the Nesyt location the species
composition was more varied. The results of mosquito
collections were affected in both years by weather, resulting
inalowincidence of pest mosquito species. This was reflected
particularly in the Soutok area, where the number and size
of periodic pools was markedly reduced as compared to
normal.

The capture of mosquitoes in both types of traps varied
greatly in terms of both quantity and species composition.
Capture yield was markedly higher in CDC mini-light traps
with CO,, and all species of mosquitoes detected in this
study were recorded in these traps (except for Ae. dorsalis).
The capture efficiency of mosquitoes in pigeon-baited traps
was very low but selective: Cx. pipiens was dominant in these
traps. The height of the trap also had a crucial impact on
the capture of mosquitoes. The entry of mosquitoes in traps
placed 1 m above ground was almost seven times greater
than into traps placed in the canopy 5 m above ground. The
difference in species composition also was remarkable. At 1
m, all species of mosquitoes were detected in a composition
corresponding with their incidence (with the exception of
Cx. pipiens), while at 5 m Cx. pipiens clearly predominated
and was caught significantly more frequently than in the
ground traps. With pigeon-baited traps, we did not find
significant differences in the all-mosquito or Cx. pipiens
yield between the traps situated at different levels.

In conclusion, the study confirmed species richness of
mosquito fauna in South Moravia, the region of occurrence
of mosquito-borne diseases of humans including Tahyna
bunyavirus and occasionally West Nile flavivirus infections
(Rosicky et al. 1980, Hubdlek et al. 2000). In addition, two
species of mosquitoes not occurring elsewhere in Czechland
(a short geographic term for the Czech Republic) were
repeatedly detected: An. hyrcanus and Ur. unguiculata,
both southern faunistic elements. We also found that Cx.
pipiens predominated at the canopy level with no difference
between the trap type.
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