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Abstract

Tick-borne diseases show a wide variety of considerable human pathogenic potential, such as
viral tick-borne encephalitis and human babesiosis caused by protozoa. Another parasitic
worm disease dangerous for humans is infection with Echinococcus multilocularis. These
pathogens therefore may affect public health. Austria is a comparatively small central
european country with a high biodiversity and abundant wildlife. At the interface of wildlife
habitats and human activities a range of pathogens can be transmitted from wild animals to
domestic animals and to humans. Hunting activities and the resulting close contact with wildlife
is repeatedly cited as a transmission risk. Wildlife is not only a reservoir for pathogens, but also
serves as an indicator for the detection of risk areas.

In the context of this doctoral thesis, the occurrence and risk assessment of the above-
mentioned pathogens will be discussed. For this purpose, both humans and wildlife were
serologically and molecularly tested for the pathogens Echinococcus multilocularis, Tick-borne
encephalitis virus and for Babesia spp.

The publications aim to substantiate and increase the current state of knowledge of zoonotic
agents in Austria and to demonstrate their dangerous potential for public health by means of
concrete questions. The available data could be used as valuable starting points for further
research questions based on the existing empirical results

This work also demonstrates the need for further research in the veterinary and human
medicine fields. Of particular importance would be the investigation of the pathogen
Echinococcus multilocularis in pets in order to gain further insights into human infections.
Further investigation of further rarely studied pathogens such as theileria, anaplasma, babesia
and rickettsia in human blood following a tick bite could too provide important information on

epidemiological data on incidence and prevalence.



Kurzfassung

Durch Zecken ubertragbare Krankheiten zeigen eine breite Vielfalt von betrachtlichem
humanpathogenem Potential wie zum Beispiel die virale Frihsommer - Meningoenzephalitis
und die durch Protozoen verursachte humane Babesiose. Eine weitere fir den Menschen
gefahrliche parasitare Wurmerkrankung stellt die Infektion mit Echinococcus multilocularis dar.
Somit betreffen diese Erreger die offentliche Gesundheit. Osterreich ist ein kleines
mitteleuropéisches Land mit einer hohen Artenvielfalt und reichlich Wildtieren. An der
Schnittstelle von Wildtierhabitaten und menschlichen Aktivitditen kann eine Reihe von
Pathogenen von Wildtieren auf Haustiere und auf Menschen Ubertragen werden. Jagdliche
Aktivitdten und der dadurch nahe Kontakt zu Wildtieren werden immer wieder als Risiko dafur
angefuhrt. Wildtiere sind nicht nur Reservoir fur Pathogene, sie dienen auch als Indikatoren
zur Detektierung von Risikogebieten.

Im Rahmen dieses kumulativen Dissertationsprojektes wird das Vorkommen und die
Risikoeinschatzung der oben genannten Erreger diskutiert. Dazu werden sowohl Menschen
als auch Wildtiere serologisch und molekularbiologisch auf den Erreger Echinococcus
multilocularis, Frihsommer-Meningoenzephalitis Virus und auf Babesia spp. untersucht.

Die Publikationen zielen darauf ab den derzeitigen Wissensstand von Zoonoseerregern in
Osterreich zu untermauern bzw. zu erhéhen und deren gefahrliches Potential fir die 6ffentliche
Gesundheit anhand konkreter Fragestellungen aufzuzeigen. Die vorliegenden Daten kdénnen
als wertvolle Startpunkte flr weitere Forschungsfragen auf Basis der bestehenden
empirischen Ergebnisse herangezogen werden.

Diese Arbeit zeigt auRerdem die Notwendigkeit weiterer Forschung im veterinarmedizinischen
und im humanmedizinischen Bereich. Besondere Bedeutung kdme der Untersuchung des
Erregers Echinococcus multilocularis bei Haustieren zu, um weitere Erkenntnisse Uber die
humanen Infektionen zu bekommen.

Weitere Untersuchungen von noch wenig erforschten Pathogenen wie z.B. Theilerien,
Anaplasmen, Babesien und Rickettsien im Blut des Menschen nach einem Zeckenstich
konnten wichtige Informationen Uber epidemiologische Daten bezuglich Inzidenz und

Pravalenz liefern.
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Einleitung und Hintergrund

Zoonosen sind Infektionskrankheiten, die auf natirlichem Wege vom Wirbeltieren
(Vertebraten) auf den Menschen Ubertragen werden (WHO 2018.) und eine erhebliche
Bedrohung fir die o6ffentliche Gesundheit darstellen (Taylor et al. 2001). Wo immer auch
Menschen leben, ob in ruralen oder urbanen Gebieten, kann es zur Ubertragung von
Krankheitserregern von Tieren auf Menschen kommen (Morand et al. 2014).

Zoonoseerreger umfassen Bakterien, Viren, Parasiten und Pilze. Sie sind charakterisiert durch
ein Tierreservoir, eine definierte Krankheit beim Menschen und durch bestimmte
Ubertragungswege (Murphy 1998). Zoonoseerreger kénnen viele verschiedene Arten von
Krankheiten bei Menschen und Tieren verursachen, die von leichter bis schwerer Krankheit
bis hin zum Tod reichen. Manche Tiere kdnnen gesund erscheinen, selbst wenn sie Pathogene
tragen, die Menschen krank machen kénnen. Wissenschafter schatzen, dass mehr als 6 von
10 bekannten Infektionskrankheiten bei Menschen von Tieren verbreitet werden und 3 von 4
neuen oder aufkommenden Infektionskrankheiten bei Menschen von Tieren Ubertragen
werden (CDC 2018, Spahr et al. 2017). Viele Freizeitaktivitaten erhdhen das Risiko einer
Zoonose-Infektion (Panczuk et al. 2019, Natarajan et al. 2017), nicht nur in ruralen sondern
auch in urbanen und periurbanen Gebieten (Rizzoli et al. 2014). Osterreich ist ein
vergleichweises kleines mitteleuropéisches Land mit einer hohen Dichte an Wildtieren
(Duscher et al. 2015). Durch die Jagdausibung ist ein Aufenthalt in freier Natur und ein naher
Kontakt zu Wildtieren gegeben (Kuehn 2019, Petrovic et al. 2019, Nardoni et al. 2019,
Robertson et al. 2019, Kmetiuk et al. 2019, Dobler et al. 2014, Gabrielli et al. 2014). An der
Schnittstelle von Wildtierhabitaten und menschlichen Aktivitdten kann eine Reihe von
Pathogenen von Wildtieren auf Haustiere und auf Menschen Ubertragen werden (Michalczyk
et al. 2019, Duscher et al. 2015, Macpherson et al. 2005). Eine Friherkennung von Zoonosen
durch Uberwachung der Schnittstelle Mensch-Tier ist ein entscheidender Schritt zur
Bekampfung und zur Pravention von Zoonosen (Kotwa et al. 2019, Esser et al. 2019, Cull et
al. 2019, Ahmed et al. 2019, Salyer et al. 2017).

1. Kapitel

Der Erreger Echinococcus multilocularis verursacht die humane alveolare Echinokokkose
(AE). E. multilocularis ist in Osterreich endemisch (Auer 2006) und zirkuliert hauptsachlich in
einem sylvatischen Lebenszyklus, wo der Rotfuchs (Vulpes vulpes) als Haupt- und Endwirt
und Nagetiere wie z.B. Microtus arvalis, Arvicola terrestris, Ondatra zibethica als
Zwischenwirte fungieren (Eckert et al. 2001, Oksanen et al. 2016). Zusatzlich besteht ein
synantroper Lebenszyklus d.h. Rotfichse adaptieren sich durch ihre hohe

Anpassungsfahigkeit immer oOfters in Stadten (Gloor et al. 2001, Romig et al 2006, Robardet
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et al. 2008). Dadurch findet eine Kontamination mit E. multilocularis in der urbanen Umwelt
statt (Deplazes et al. 2011, Tylkowska et al. 2019). Ein ebenburtiger Endwirt zum Rotfuchs ist
der Marderhund (Nyctereutes procyonoides) und der Goldschakal (Canis aureus), Neozoen,
die in Zukunft eine vermutlich zusétzliche Rolle bei der Verbreitung von E. multilocularis
spielen (Duscher et al. 2017, Gherman et al. 2017, Oksanen et al. 2016). Haustiere,
insbesondere Hunde, kdnnen ebenso als Endwirte fungieren. Die Kontamination erfolgt Gber
die Ausscheidung infektioser E. multilocularis-Eier (Eckert et al. 2004, Kern et al. 2004,
Duscher et al. 2015, Karamon et al. 2019). Menschen erwerben die Infektion durch perorale
Aufnahme der infektiosen E. multilocularis-Eier. Diese befinden sich im kontaminierten Boden,
auf Nahrungsmittel oder auf Fellen (Eckert et al. 2004, Brunetti et al. 2010, Nagy et al. 2011).
Der Mensch fungiert als akzidenteller Zwischenwirt. Das Metazestodenstadium von E.
multilocularis zeigt ein tumoréhnliches Wachstum - gleich einem malignen Tumor - und
befindet sich Uberwiegend in der Leber (Kern et al. 2003, Tsaroucha et al. 2005, Ricken et al.
2017). Diese seltene, jedoch gefahrliche Helminthozoonose fuhrt unentdeckt und unbehandelt
zum Tod (Piarroux et al. 2011, Chouhan et al. 2019). Durch die lange Inkubationszeit von bis
zu 20 Jahrenist es ein sehr langsamer Verlauf und bleibt oft bis zum Auftreten von Symptomen
unentdeckt (Brunetti et al. 2010).

Enzymimmunotest (ELISA), Westernblotverfahren (WB) und PCR stehen derzeit
laborchemisch zur Abklarung von Krankheitsfallen und zur Uberwachung des
Therapieerfolges zur Verfigung. Diese Methoden werden ebenfalls fur epidemiologische
Untersuchungen zur Erhebung der Seropravalenz sowie in der Praventivmedizin verwendet
(Auer 2006). Fir bildgebende Verfahren stehen die Positronen-Emissions-Tomographie und
die Magnetresonanztomographie (PET/MRI) zur Pravention und zur Nachbeobachtung fur das
AE-Management zur Verfiigung (Lotsch et al. 2017).

Eine Fall-Kontroll-Studie wurde 1997 in den westlichen Bundeslandern Osterreichs (Tirol und
Vorarlberg) durchgefihrt und zeigt die Jagd als unabhangigen Risikofaktor im Zusammenhang
mit AE (Kreidl et al 1998). Auch weitere Studien postulieren, dass die Jagdaustibung einen
Risikofaktor eine AE zu erwerben darstellt (Eckert 1996, Deutz et al. 2003, Tiaoying et al. 2005,
Schneider et al. 2013, Sadkowska-Todys et al. 2015).

In den letzten 35 Jahren traten in Osterreich durchschnittlich 2 Krankheitsfélle pro Jahr auf
(Auer et al. 2001), seit 2011 nehmen Falle von AE in Osterreich zu (Schneider et al. 2013). Im
Jahr 2015 gab es 14 Félle, von denen 7 in Tirol aufgetreten sind (personliche Information,
Auer, H. 2016).

2. Kapitel
Das FSME-Virus gehort zu den Flaviviren. Flaviviren sind von Arthropoden Ubertragene Viren.

In Europa kommt nur der Erreger der Friihsommer-Meningoenzephalitis (FSME) vor. Bei den
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Flaviviren hat sich in den meisten Fallen ein Zyklus zwischen Vertebratenwirt (Sauger, Vogel)
und Ubertrager (Stechmiicken, Stechfliegen und Zecken) herausgebildet, der fir das Virus
effizient und fir die Reservoirwirte (Arthropodenvektoren) relativ unschadlich ist. Der tierische
Vertebratenwirt zeigt haufig wenig Krankheitszeichen und lbersteht die Infektion mit einer
kurzdauernden Viramie gut. Wahrend dieser Zeit infiziert sich der blutsaugende Ubertrager,
der daraufhin das Virus mit dem Speichel ausscheidet und lebenslanglich infektios bleibt. Nur
Schildzecken (Ixodidae) sind in der Lage FSME-Viren zu replizieren und zu ubertragen
(Labuda et al. 1999; Agergaard et al. 2019). Der Mensch ist fur das Virus eine Sackgasse und
nimmt nicht an dessen Kreislauf teil (Kayser et al. 1993, Nah et al. 2019). Fur den Menschen
kommt als Infektionsweg — neben dem Zeckenstich — auch eine alimentére Infektion z.B. durch
rohe Ziegen-, Kuh- und Schafmilch in Frage (Holzmann et al. 2009, Brockmann et al. 2018).
Ein seltener aber moglicher Ubertragungsweg sind auch Aerosolinfektionen in FSME-Virus-
Laboratorien (Horst 1991). FSME ist in allen neun Bundeslandern in Osterreich endemisch.
Im Jahr 2014 betragt die Durchimpfungsrate aller dsterreichischen Einwohner 85% (GfK
Healthcare 2014). Es wird angenommen, dass deshalb zwischen 2000 und 2011 mehr als
4000 Menschen nicht infiziert wurden. (Heinz et al. 2013). Diese hohe Durchimpfungsrate ist
fur eine geringe Anzahl von humanen FSME-Féllen in Osterreich mit einer Inzidenz unter 1
pro 100.000 Einwohner im Jahr 2009 bei einer Impfrate von 88% verantwortlich (Donoso
Mantke et al. 2011; Heinz et al. 2013; Walder et al. 2008). Durch die hohen
Durchimpfungsraten kommt es zu einem verzerrten Eindruck des FSME-Infektionsrisikos, es
treten zwar weniger Falle von FSME-Erkrankungen auf, doch die Gefahr einer Infektion bleibt
fur ungeimpfte Personen bestehen (Stefanoff 2013).

Die FSME-Verbreitungskarte fiir Osterreich wird jahrlich anhand der neu diagnostizierten
humanen FSME-Erkrankungen aktualisiert (Baxter Healthcare GmbH, Wien). Die Zirkulation
des FSME-Virus ist liickenhaft und stark abh&ngig von den unterschiedlichen Anforderungen
an Vektor und Reservoirwirten, die wiederum von Habitatparametern wie Klima und Vegetation
beeinflusst werden (Estrada-Pefia et al. 2014; Randolph 2009). Daher wird die Identifizierung
von Risikogebieten erschwert, da es problematisch ist, all diese kleinen Herde zu entdecken.
Die Frihsommer-Meningoenzephalitis ist in Europa in den letzten Jahrzehnten ein
wachsendes Problem fir die 6ffentliche Gesundheit geworden (Stiss 2011, ECDC 2018), der
Verlauf der Erkrankung reicht von der moderaten bis zur tddlichen Meningoencephalitis
(Kunze 2016). Das Ergebnis dieser Karte konnte aufgrund rdumlich inhomogener
Immunisierungsraten und des Fehlens von Daten aus den unverddchtigen moderaten
Infektionen von menschlichen Patienten verzerrt sein. Um diese Probleme zu tberwinden
wurden zusatzliche Strategien entwickelt: niichterne Zecken wurden in verschiedenen
Landern gesammelt und auf das Vorkommen von FSME-Viren untersucht (Dobler et al. 2011,
Gaumann et al. 2010, Holbach und Oehme 2002, Kupca et al. 2010, Rieille et al. 2014, Siss
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et al. 2004). Die Untersuchung der Pravalenz des FSME-Virus in nlichternen Zecken liefert
wichtige Informationen in verschiedenen Regionen und zu verschiedenen Zeitpunkten.
Allerdings sind diese Tests fir eine detaillierte Risikoeinschétzung wenig geeignet, weil eine
lickenhafte Verteilung der FSME-Herde auf sehr kleinen Flachen stattindet (Stefanoff et al.
2013). Engmaschige Kontrollen, welche zeitaufwandig und kostenintensiv sind, wéren hier
notwendig (Suss et al. 2004). In einigen Fallen kann die Viruslast in niichternen Zecken sehr
niedrig sein, sodass die Nachweisgrenze erst nach der - wahrend des Saugaktes
stattgefundenen - Replikation erreicht wird (Belova et al. 2012).

Bei gepoolten Proben kann eine geringe Viruslast unerkannt bleiben, sodass die tatsachliche
Virusverteilung verfalscht wird. Auch der Vergleich von humanen FSME Erkrankungen und
Pravalenznachweisen in niichternen Zecken brachte fiir eine Kartierung von Risikogebieten
keine aussagekraftigen Ergebnisse (Stefanoff et al. 2013). Zum Erhalt raumlicher Verteilungen
wurden Indikatorarten wie Wild- oder Nutztiere identifiziert und versuchsweise eingesetzt
(Stefanoff et al. 2013). Nagetiere dienen als natirliches Reservoir. Sie zeigen eine
Serokonversion von etwa 2,6% (Achazi et al. 2011; Radda et al. 1971; Tonteri et al. 2011).
Leider ist der Fang, die Probenentnahme und ein engmaschiges Untersuchen der Flachen
sehr zeitintensiv, sodass in dieser Studie Nagetiere nicht untersucht wurden. Aus mehreren
Grunden wurde das Rehwild als Indikatorart gewahlt. Das Rehwild (Capreolus capreolus)
kommt - auBer in reinen Fels- und Gletscherregionen - ubiquitar in ganz Osterreich vor
(Reimoser et al. 2009). Rehwild ist sehr standorttreu und verbleibt in etwa innerhalb von 0,16
— 0,81 km? (Jeppesen 1990; Nosek et al. 1967; Radda et al. 1968b). Rehwild zeigt einen
starken Befall von Ixodes ricinus (Kiffner et al. 2010; 2011; Vor et al. 2010). Symptomatische
FSME-Infektionen wurden allerdings beim Rehwild bisher jedoch nie beschrieben (Nosek et
al. 1967; Radda et al. 1968a, b). Auch fur die weitere Ubertragung spielt Rehwild keine Rolle,
da die auftretende Viramie nach einem Zeckenstich im Reh zu gering ist. Rehe bilden aber
Antikorper und kénnen daher als Indikatorspezies durch FSME Antikorpernachweis im Serum
verwendet werden Mehrere Studien zeigen, dass Rehwild eine sehr gute Indikatorspezies ist,
um FSME Antikorper nachzuweisen (Gerth et al. 1995; Kiffner et al. 2012; Nosek et al. 1967;
Radda et al. 1968a, b; Skarphedinsson et al. 2005).

3. Kapitel

Von Vektoren Ubertragene Krankheiten sind eine zunehmende Gefahr und Bedrohung fur
Menschen, Haus- und Wildtiere (Schmid et al. 2013, Duscher et al. 2015).

Der Aufenthalt in freier Natur fihrt zwangsweise zum verstarkten Kontakt mit Zecken und
ihren Infektionserregern. Jagerinnen zahlen daher zu einer Risikogruppe (Dobler et al. 2014,
Gabrielli et al. 2014). 1. ricinus ist die in Osterreich am haufigsten und am weitesten verbreitete

Zeckenart (Stanek 2009) und wird bis in einer Hoéhe von 2500 m Seehdhe nachgewiesen (Sixl
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et al. 1972). Wie im 2. Kapitel beschrieben, ist . ricinus der Hauptvektor der im 3. Kapitel
untersuchten Pathogene, Babesia spp. Diese Erreger besitzen ein zoonotisches Potential
(Homer et al. 2000; Blaschitz et al. 2008; Dobler et al. 2014; Schotta et al. 2017). Koinfektionen
sind in I. ricinus weit verbreitet und betreffen auch den Menschen (Heyman et al. 2010;
Lommano et al. 2012; Chmielewska-Badora et al. 2012; Panczuk et al. 2016). Babesia spp.,
kommen in Osterreich in Wildtieren vor (Silaghi et al. 2011; Cézanne et al. 2017).
Angenommen wird auch, dass nicht nur der Zeckenstich allein zu einer Infektion fiihren kann,
sondern auch die Handhabung und Verarbeitung von erlegtem Wild einen potentiellen Weg
darstellt, sich zu infizieren (Skotarczak et al. 2008).

Wenn durch Zecken ubertragene Pathogene zu einer humanen Erkrankung fuhren, sind
multimodale Behandlungen in Betracht zu ziehen. Protozoen und bakterielle Erreger erfordern
unterschiedliche Therapien (Kletsova et al. 2017; Sanchez et al. 2016). In Osterreich gibt es
circa 50.000 Falle von Lyme Borreliose pro Jahr (Stanek 2009) und praktizierende Arzte
wissen dariiber Bescheid. Im Gegensatz dazu hinkt das Wissen und die Forschung bei
Protozoen, insbesonders bei Babesia spp in Osterreich stark nach (Sonnleitner et al. 2014).
Babesien spp. sind Hamoprotozoen (Schnittger et al. 2012; Hunfeld et al. 2008; Carvalho et
al. 2017) d. h. sie befallen ausschlieR3lich Erythrocyten. B. divergens, B. veatorum, B. microti
z.B. kénnen die menschliche Babesiose verursachen (Vannier et al. 2012). Der Schweregrad
der menschlichen Babesiose reicht von asymtomatischer, moderater bis zur
selbstlimitierenden fieberhaften Erkrankung. Besonders gefahrlich sind diese Blutparasiten fur
immungeschwéchte und splenektomierte Personen, bei denen eine Infektion tddlich verlaufen
kann (Krause et al. 2003, Leiby 2011, Mareedu et al. 2017). Eine besondere Gefahr birgt die
Ubertragung durch Blutprodukte, die leider sehr unterschatzt wird, jedoch einen steigenden
Trend zeigt (Bloch et al. 2016; Levin et al. 2016).

Nachweis und Verweildauer einer frischen Infektion im Menschen ist je nach Gattung
verschieden (Krause et al. 1998; Mgrch et al. 2015; Haselbarth et al. 2007; Herwaldt et al.
2003). Nachweis von Babesia.spp DNA mittels PCR ist bei einer zirkulierenden Parasitamie
moglich, jedoch durch gro3e Selbstlimitierung schwierig, besonders in einer Zeit mit niedriger
Zeckenaktivitdt (Hunfeld et al. 2008; Leiby 2011; Vannier et al. 2012). Hingegen zeigen
Untersuchungen, dass Parasitamien bei Blutspendern auch auRerhalb der
Hauptzeckenaktivitdt nachgewiesen wurden (Leiby et al. 2005) oder eine langanhaltende
Parasitamie aufweisen (Moritz et al. 2016; Bloch et al. 2016).

Babesia-Infektionen kénnen sogar nach langerer Ruhezeit auftreten (Krause et al. 1998).
Alle diese Studien beziehen sich auf den Erreger B. microti, der in den USA autochthon
vorkommt und eine enge Affinitat zu Theilerien aufweist (Homer et al. 2000). In Europa handelt
es sich fast ausschlief3lich um Infektionen mit B. divergens und verwandten Arten. Bis heute

gibt es in Osterreich eine einzige autochthone Babesien Infektion bei einem
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immunsupprimierten Menschen. Diese Babesienart ist zu B. divergens nahe verwandt und
wurde als Babesia sp. EU1 indentifiziert. Derzeit ist sie unter B. venatorum bekannt (Herwaldt
et al. 2003). Dieser Patient ist Jager und hielt sich oft in freier Natur auf. Er berichtete vor
Auftritt der Symptome von einem Zeckenstich. Uber serologische Nachweise von Babesia spp.
(B. divergens, B microti) bei Blutspendern berichtet eine Studie aus Osterreich 2014
(Sonnleitner et al. 2014).
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Zielsetzungen und Fragestellung der Doktorarbeit

Untersuchungen von Zoonoseerregern kénnen praventiv zur Vermeidung von Erkrankungen
beitragen, Informationen tiber Risikogebiete liefern und das Bewusstsein in der Offentlichkeit
Uber bislang noch wenig bekannte Zoonoseerreger sensibilisieren. Zoonosen sind eine
erhebliche Bedrohung fir die offentliche Gesundheit. An den Schnittstellen von
Wildtierhabitaten und menschlichen Aktivitaten kann eine Vielzahl von Pathogenen von
Wildtieren auf Menschen und auf Haustiere tbertragen werden.

Das Ziel des Dissertationsprojektes ist, Zoonoseerreger in Osterreich zu untersuchen, um
einen Beitrag fir das Gesundheits- und Risikomanagement zu erbringen und neue

Informationen fir Arzte und fir die breite Bevolkerung bereitzustellen.
Fragestellung

1. Ist die Risikogruppe “Jagerinnen” wirklich gefahrdeter als Nichtjager an einer AE zu
erkranken?

2. Kann man anhand der Indikatorspezies Rehwild (Capreolus capreolus) ein FSME-
Aufkommen auf3erhalb der schon bestehenden Risikokarte feststellen?

3. Existieren durch Vektoren iibertragene wenig bekannte Pathogene in Osterreich?

Die wichtigsten Untersuchungen bei den eingereichten Publikationen
(Manuskript 1-3):

1. Blutuntersuchung auf den Erreger Echinokokkus multilocularis bei aktiven Jagerinnen
(1. Kapitel).
Analyse von Rehwildseren auf anti FSME Antikorper (2. Kapitel).
Blutuntersuchungen von durch Vektoren tbertragenen Pathogene (Babesia spp). bei

immunkompetenten Personen (3. Kapitel)

Aufbau der Rahmenschrift

In der Einleitung wird ein Uberblick der in den Manuskripten (1-3) untersuchten zoonotischen
Pathogene angefiihrt. Entsprechend werden im néchsten Punkt die Ziele und die
Zielsetzungen dieser Arbeit genannt. Anschlie3end erfolgt die Vorstellung der zur Dissertation
eingereichten Publikationen. Fir jede Arbeit (1-3) wird zuerst der Abstract der Arbeit - auf
Deutsch Ubersetzt - angefiihrt, gefolgt von den wichtigsten Ergebnissen, das Original

Manuskript ist nachfolgend gelistet. Schlie3lich erfolgt eine Zusammenfassung der
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eingereichten Publikationen und der Abschluss dieser Rahmenschrift befasst sich mit dem

Ausblick und dem kunftigen Forschungsbedarf.
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Zoonotische Pathogene der zur Dissertation eingereichten
Publikationen 1-3

1. Kapitel - Hunting poses only a low risk for alveolar echinococcosis
(Wetscher et al., 2019)

Autoren: Monika Wetscher, Klaus Hacklander, Viktoria Faber, Ninon Taylor, Herbert
Auer, Georg Gerhard Duscher

Journal: Frontiers in Public Health

Kurzfassung

Das osterreichische Bundesland Tirol gehort zu den Gebieten, in denen die alveolare
Echinokokkose (AE) - verursacht durch den Fuchsbandwurm, Echinococcus multilocularis (E.
multilocularis) - stark endemisch ist. In Osterreich wurde seit 2011 eine zunehmende Inzidenz
humaner AE-Falle beobachtet, vermutlich in Verbindung mit der zunehmenden
Fuchspopulation, die mit dem Fuchsbandwurm E. multilocularis infiziert ist. In den Jahren 2015
und 2016 wurden 813 Seren aktiver Jagerinnen in allen neun Bezirken Tirols serologisch auf
E. multilocularis Antikérper untersucht. Einundzwanzig (2,58%) positive Ergebnisse im ELISA
wurden festgestellt. Im Western blot (WB) zeigte nur ein einziges (0,12%) Serum eine geringe
positive Reaktion. Bei diesem Probanden konnte bislang mittels Bildgebung (Ultraschall) keine
Lasion im Leberparenchym nachgewiesen werden. Das Risiko, eine alveolare Echinokokkose
zu entwickeln, bleibt fir diesen WB-positiven Jager aber bestehen und bedarf regelmatiiger
Kontrollen. Die Risikofaktoranalyse dieser 813 Jager ergab, dass 697 (85,7%) regelmaRig
Rotfiichse gejagt und 332 (40,8%) diese auch selbststdndig abgebalgt haben.
Dreihundertachtzehn (39,1%) der 813 Jager waren Besitzer von Jagdhunden; 89 (10,9%) und
243 (29,9%) waren Besitzer von nichtjagenden Hunden bzw. Katzen.

Unsere Ergebnisse zeigen, dass Jagerinnen im Vergleich zu Nichtjagern kein erhdhtes Risiko

haben an einer alveolaren Echinokokkose zu erkranken.

Wichtigste Ergebnisse der Untersuchung

Zusammenfassend zeigen die Ergebnisse, dass Jagerinnen mit E. multilocularis in Kontakt
kommen. Sie sind aufgrund der Fuchsjagd und des Abbalgens der Fiichse sowie ihrer lang
anhaltenden Aktivitat im Freien in potenziell kontaminierten Gebieten vermehrt E.
multilocularis ausgesetzt. Trotzdem lieferte bei der relativ groRen Stichprobengrél3e nur ein

einziger Jager positive Ergebnisse in der Serologie, aber ohne Ultraschallbestatigung.
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Bei den dsterreichischen AE Patienten kdnnen wir derzeit keine Préferenz zu den Jagerinnen

beobachten.

Erkenntnis zur Fragestellung

In unserer Kohorte konnten wir kein vermehrtes Risiko bei der untersuchten exponierten
Personengruppe der Jagerinnen an einer AE zu erkranken feststellen. Weitere
Untersuchungen sind erforderlich um diese widerspriichlichen Ergebnisse aufzuklaren und die
tatsachlichen Risikofaktoren fur AE zu bestimmen. Diese Studie prasentiert uns auch die
Notwendigkeit die Bevolkerung Uber diesen Erreger genau zu informieren.

In Osterreich bestehen AE Erkrankungsfélle in unterschiedlicher Schwere, z.T. auch mit
letalem Ausgang. Deshalb ist die breite Aufklarung der gesamten Bevdélkerung von besonderer

Wichtigkeit und Bedeutung.

Original Manuskript

:' frontiers
1N Public Health

Front Public Health. 2019; 7: 7.
Published online 2019 Jan 29.doi:10.3389/fpubh.2019.00007

PMCID:PMC6361863
PMID:30761283

Hunting Poses Only a Low Risk for Alveolar
Echinococcosis

Monika Wetscher,! Klaus Hacklander,* Viktoria Faber,2 Ninon Taylor,2t Herbert Auer,® and Georg G.
Duscher*”
Author information Article notes Copyright and License information Disclaimer

Abstract

The Austrian province of Tyrol belongs to the areas where the alveolar echinococcosis (AE)
caused by the fox tapeworm Echinococcus multilocularis (E. multilocularis) is highly endemic.
In Central Europe and since 2011 in Austria, a growing incidence of human cases of AE has
been observed, presumably linked with increasing fox populations infected by the fox
tapeworm E. multilocularis. Hunting and the related activities put hunters in a high-risk group,
and they are considered particularly vulnerable for the contraction of an AE. In light of this risk
and the increased number of AE cases made public in Austria, the objective of the study was
to investigate the prevalence of AE in hunters and to provide a possible connection to the
incidence increase. In 2015 and 2016, we examined 813 serums of active hunters from all nine
districts of Tyrol and serologically tested them for E. multilocularis antibodies. Twenty-one
(2.58%) positive results in ELISA were detected via Western blot (WB), and only one (0.12%)
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serum showed a low positive reaction. No lesion in the liver parenchyma could be detected by
abdominal ultrasonography in this patient so far, but the risk of developing alveolar
echinococcosis remains for this WB-positive hunter. Risk factor analysis of these 813 hunters
revealed that 697 (85.7%) hunted red foxes regularly and 332 (40.8%) of those skinned them
as well. Three hundred and eighteen (39.1%) out of the 813 hunters were owners of hunting
dogs; 89 (10.9%) and 243 (29.9%) were owners of non-hunting dogs and cats, respectively.
Our results indicate that hunters do not have a greater risk of infection with E.
multilocularis compared to non-hunters in Austria. The cause of the unexpected increase in

AE cases in Austria remains unclear.

Keywords: Echinococcus multilocularis, active hunters, serological screening, risk factor,

Austria

Introduction

Human alveolar echinococcosis (AE) is caused by the metacestode stage of the fox
tapeworm Echinococcus multilocularis (1). In Central Europe, this rare parasitic disease that
is potentially fatal in humans (2), primarily circulates within a sylvatic life cycle comprising red
foxes (Vulpes vulpes) as definitive hosts and rodents (e.g., Microtus arvalis, Arvicola terrestris,
Ondatra zibethica) as intermediate hosts (3, 4). The raccoon dog (Nyctereutes procyonoides)
as neozoon species plays a similar role as the red fox as final host (4, 5). Also, pets, especially
dogs, can also act as final hosts and contaminate the environment by excreting infective E.
multilocularis eggs (6-10). Humans acquire the infection by peroral ingestion of E.
multilocularis eggs present in contaminated soil, food, or animal skins (6, 11, 12). Humans
acquire the infection by peroral ingestion of E. multilocularis eggs present in contaminated soil,
food, or animal skins (6, 11, 12). The E. multilocularis metacestode in the intermediate host
establishes itself primarily in the liver and shows a tumor-like growth pattern similar to a
malignant tumor (13-15). Due to the prolonged growth of the parasite, the lack of specific
symptoms in many cases, and the long incubation period of up to 20 years, AE is often
diagnosed and treated in a rather late and metastatic stage (11, 16). Serological tests for
detection of AE are available and allow early detection of disease before clinical manifestation
(1, 17). During recent decades the fox population increased due to successful rabies
vaccination (18, 19). Hunting has repeatedly been published as a risk factor (20-24) and
associated with AE acquisition (25). Further, there has been an increasing incidence of human
AE cases in Austria, especially in the western provinces of Austria (Tyrol and Vorarlberg) (23).
These increased AE cases were unexpected. Thus, it was recommended to improve the
surveillance system in Austria by screening exposed individuals such as hunters, especially
in E. multilocularis-endemic regions, to detect early AE cases (23).To obtain data on the

current situation regarding the aforementioned epidemiological development, we performed a
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serological study on anti-E. multilocularis antibodies comprising hunters of all nine Tyrolean
districts in 2015 and 2016. This particular group was selected because of their potentially high
exposure to eggs from infested foxes through their hunting activity, with the aim of quantifying

human AE prevalence in hunters.

Materials and Methods
Study Area

The study area is the province of Tyrol with its nine districts. Tyrol is bordered by the provinces
of Salzburg to the east, Vorarlberg to the west, and Carinthia to the south. The neighboring

countries of Tyrol are Germany (to the north), Italy (to the south), and Switzerland (to the west).
Sample Collection

The Hunting Association of Tyrol invited their members to participate at the annual meetings
for the display of trophies in the capital cities of their districts. Out of 16,146 active hunters,
813 (i.e., 5%, 736 males and 77 females) were willing in 2015 and 2016 to provide blood
samples at these events.

Approval for this study was obtained from the Ethics Committee in Salzburg on January 28th,
2015 (No: 415-E/1845/2-2015). The written informed consent was given by the patients for

their information to be stored and used for this study.

For demographic data and risk factors, each participant was also asked to complete a
guestionnaire concerning their hunting activity. The issues raised were temporal hunting
activity, killing of red foxes, skinning of foxes as well as hunting dog ownership. Further

guestions concerned the ownership of pets such as dogs or cats.

The venous blood samples taken by medical doctors were performed using Vacuette®—
Multiple Use Drawing Needle (Greiner Bio-One GmbH. 4,550 Kremsmunster, Austria) and
Vacuette®—8 ml Z Serum Sep Clot Activator (Greiner Bio-One GmbH. 4,550 Kremsm{inster,

Austria). The samples were stored at +5°C.

Serum tubes and questionnaires were numbered and checked twice by independent persons

(medical doctors and a principal investigator) for their reliability.
Serological Testing

The analysis of the sera for anti-E. multilocularis antibodies was performed within 48 h at the
Specific Prophylaxis and Tropical Medicine (SPTM). As a basic test, an enzyme-linked

immunosorbent assay (ELISA) with E. multilocularis crude antigen was used (26). A
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commercial western blot (WB, LDBIio, France) was used to confirm the positive results (27).
Serum samples were considered serologically positive if they showed clearly positive reactions
in the ELISA (cut-off: 20 Antibody Units based on a positive control serum with 100 AUS).
Persons with positive antibody values were examined by WB and were informed by the
principal investigator. In addition, they were asked to provide a further blood sample, and in
the case of verification of positive test results, the participants were again personally contacted
and ultrasound/computed tomography of the liver was recommended.

Data Analysis

All available details about age, hunting activities, pet ownership, and serological test were

logged into an Excel spreadsheet (Microsoft Office Excel, Redmond, USA) and analyzed.
Results

In total, 813 (736 males and 77 females) sera were evaluated during the 2 years human survey.
The mean age of the hunters was 52.5 years and ranged from 18 to 86. The age distribution
was as follows: 4.7% were 18-25 years old, 23.1% were 26—45 years old, 44% were 46—60
years old, and 28.2% were older than 60 years of age. All of the participants had been hunting
for, at least, 1 year, 26.6% for 2—10 years and 20.8% for 11-20 years, whereas 52.6% had
been actively hunting for more than 20 years.

Out of 813 hunters, 697 (85.7%) were regularly hunting red foxes, and 332 (40.8%) of these
also skinned foxes. About 318 (39.1%) of the hunters had currently or in the recent past a
hunting dog, and 89 (10.9%) hunters owned a non-hunting dog. Cat ownership was reported
among 243 (29.9%) of the hunters (Table 1).
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Table 1: Number of examined hunters in the nine Tyrolean districts, their hunting activities and pet ownership

n (%) n (%) n (%) n (%) n (%) ownership of pet

district examined hunters shoot foxes skinning foxes z\ljvr:]tg:g dog ;Ztrii\;fj Qunting dog cat or both
Innsbruck 37 (4,6) 28 (4,0 13 (39 12 (38) 17 6 (6,7) 8 (33 3 (25)
Innsbruck-Land 98 (12,1) 84 (12,1) 30 (9,0) 32 (10,1) 21 8 (9,0) 27 (11,1) 11 (9,2)
Imst 43 (53) 41 (59) 20 (6,0 20 (6,3) 29 2 (2,2 15 (6,2) 10 (84)
Kitzbiihel 98 (12,1) 92 (13,2) 49 (14,8) 32 (10,1) 26 16 (18,0) 31 (12,8) 13 (10,9)
Kufstein 123 (15,1) 111 (15,9) 56 (16,9) 47 (14,8) 25 11 (12,4) 38 (15,6) 18 (15,1)
Landeck 110 (13,5) 88 (12,6) 36 (10,8) 45 (14,2) 22 3 (34) 21 (8,6) 8 (67)
Lienz 119 (14,6) 98 (14,1) 38 (11,4) 52 (16,4) 22 18 (20,2) 42 (17,3) 26 (21,8)
Reutte 114 (14,0 93 (13,3) 47 (14,2) 44 (13,8) 22 21 (23,6) 40 (16,5) 22 (18,5)
Schwaz 71 (8,7) 62 (8,9) 43 (13,0 34 (10,7) 25 4 (45) 21 (8,6) 8 (6,7)
total 813 (100,0) 697 (85,7) 332 (40,8) 318 (39,1) 23 89 (10,9) 243 (29,9) 119 (14,6)

@Average of the active hunting period in years.

The serological analysis for antibodies against E. multilocularis antigen showed a low positive
ELISA result in 21 (2.6% participants) (Table 2 shows the hunting activities of the positive
ELISA hunters), and one serum was positive by both ELISA and WB (Table 3). This serum
originated from a male hunter from the district of Lienz (seroprevalence: 0.12%), and the
abdominal sonography showed no lesion changes in the liver parenchyma. This 80 years-old
hunter was hunting for 62 years, shot and skinned foxes regularly, and had neither a hunting
dog nor pets regularly. The real prevalence among the hunters in this cohort is O due to the
lack of any confirmed AE case.

Table 2: List of the 20 EmELISA positive hunters and their hunting activities and pet ownership. Except
the hunter with ELISA and WB positive findings, described separately.

n 1 2 3 |4 5 6 7 8 9 10 {11 |12 |13 |14 |15 |16 |17 |18 |19 | 20 | ¥
EmELISA

positive

shootfoxes | X | X | X | X [ X [X | X |X X | X [ X | X | X | X | X [X | X | X |X |19
skinning X | X | X X X X X | X X 9
foxes

hunting dog | X X X X | X X | X [ X | X | X 10
owner

dog X 1
cat X X | X | X X | X X 7
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Table 3: Number of licensed and examined hunters in the nine Tyrolean districts and the serological
test results

district an of hunters n (%) n (%) n (%)
of hunters of hunters ELISA of hunters WB
examined positive positive
Innsbruck 599 37  (4,6) 2 0
Innsbruck- 2.985 98 (12,1) 1 0
Land
Imst 1.880 43 (5,3 3 0
Kitzblhel 1.499 98 (12,1) 2 0
Kufstein 1.582 123 (15,1) 7 0
Landeck 1.988 110 (13,5) 1 0
Lienz 2.006 119 (14,6) 4 1
Reutte 1.262 114 (14,0 0 0
Schwaz 2.345 71 (8,7) 1 0
total 16.146 813 (100,0) 21 (2,58) 1 (0,12)

aLicensed hunters per district

One of the 813 Tyrolean hunters (district Kitzblhel) had previously been treated successfully
by surgical intervention (in-toto-extirpation of the parasite) in 2011. In our screening study,

however, he presented a negative test result.

Discussion

In the years 2015 and 2016, we tested the sera of 813 hunters from the province of Tyrol to
evaluate the current situation of AE in the presumed risk group “hunters” originating from a
highly endemic area (1, 7, 13). However, AE is still a life-threatening disease for humans (11),
but the prognosis is improved if the infection is diagnosed at a very early stage (even long
before clinical manifestation). The serum sample of an 80 years-old hunter from the district of
Lienz yielded a positive result by ELISA and by WB. In this case an infection with AE can be
assumed and further confirmed by using ultrasound as the imaging screening method of choice
(28). So far no visible lesions in the liver of this patient could be found. Thus, the hunter was
instructed to repeat serological tests as well as ultrasound examination twice a year during the
following years. In effect, liver lesions can take years to become apparent in seropositive
persons (29), and lesions <2 cm are difficult to diagnose (30). Due to its higher accuracy in
detecting liver lesions [although without complete proof (31)], computerized tomography could
be applied and was suggested but not carried out in this case, as this is the responsibility of

the general practitioner.

Also, among another 20 hunters from all other districts (except in Reutte), low positive antibody
levels could be determined, which could not be confirmed by WB. In these cases, it is
necessary to carry out follow-up investigations to exclude an early stage of infection (1, 32), at

least, once a year during the next 2 years (17, 29). Another explanation for this finding could
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be a cross-reaction in the ELISA (33). We can exclude E. granulosus in all 20 ELISA and WB

positive E. multilocularis results by testing with indirect haemagglutination test (IHA) (26).

Although 792 hunters (97.4%) were serologically negative, documenting that they were not
infected currently, all were strongly encouraged to re-examine their Echinococcus-immune
status individually in intervals of 2—3 years, at least, during their active hunting period. The
observation of seroconversion from negative to positive would demonstrate that a fresh

infection must have occurred since the last examination.

If particularly exposed persons are regularly monitored by ultrasound imaging or by serological
screenings (1, 34), the development of the slow-growing metacestode is rather limited and a
cure becomes more likely. Hunters were considered as one of these risk groups (20—-25) based
on regular contact with foxes and pets (6, 35) as well as with contaminated fur (12) and

environment.

In this study, 86% of hunters reported shooting foxes and 41% admitted to skinning foxes
regularly. Also, 39% keep hunting dogs and up to 30% are owners of dogs or cats as pets.
Despite these high-hazard exposure potentials due to long hunting activities, as almost 52.6%
had been hunting for more than 20 years, there was no clear evidence to make a diagnosis of
AE. Similar to a study of trappers with high hunting activity in South Dakota, none of the
trappers showed antibody evidence for the presence of E. multilocularis (36). In a case-control
study from Tyrol, hunting was published as an independent risk factor in relation to AE (25). In
contrast, (7) were not able to prove a connection between hunting and AE with double the
number of test subjects in neighboring Germany. Different methods give differentiated
statements about the risk of hunting; case-control studies increase the probability that hunting
is a risk factor, but not significantly. This was shown in a recently published study in which
case-control and cross-sectional studies were compared and no connection between hunting
and AE Echinococcosis was proven (37). In south Gansu, China, a large number of AE cases
was diagnosed using serological screening and ultrasonography, and hunting had no effect as
a risk factor (38). A total of 23,321 people were examined in three published serological
screening studies in Austria (21, 39, 40). Two AE cases could be diagnosed with this
preventive screening examination; both cases occurred in the province of Tyrol and had no
connection to hunting. Given these results, we assume that hunters are not at a higher risk of
contracting an AE than non-hunters. Furthermore, the increase in confirmed AE cases in
Austria could not be ascribed to hunting due to a lack of available data on occupation and
leisure activities (23). The study of 149 (100%) hunters in south-eastern Austria showed 7 (5%)
subjects with a positive ELISA value and none could be confirmed in WB (21). In our studies,
with a 5.5 times higher number of test subjects, there were 2.6 and 0.12%, ELISA and WB,

respectively, positive results. The ELISA reactions show that increased contact with E.
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multilocularis eggs (41) takes place due to hunting. In healthy individuals, however, only a low
level of manifestation takes place and an AE is prevented (42). In contrast, a weakened
immune system promotes infection of E. multilocularis in humans (43, 44) and significantly
increases the risk of contracting AE (45, 46). In the course of this study, we tested one
individual whose AE liver lesion was surgically removed in 2011. The lack of antibodies in this
subject is presumably due to the success of the surgery (47). Furthermore, it should be
mentioned that this test subject suffered from cancer and had immunosuppressive therapy

beforehand.

Studies show that pets, dogs, and cats excrete infectious E. multilocularis eggs (6, 8-10). The
case-control study from Tyrol, in which hunting poses a risk, also showed a connection
between cats and AE in western Austria (25). In this single case-control study in Austria, dog
ownership was reported as a low-risk factor. In contrast, another case-control study showed
dog ownership, especially where the dogs spend a lot of time outdoors, as a major risk factor
(7). An increase in human seroprevalence was reported in an area with a high prevalence of E.
multilocularis in intermediate hosts (rodents) and prevalence detection of E. multilocularis in
domestic animals, however, without an increase in human AE cases (48). In our study, 69%
of test subjects had a hunting dog as well as dogs and cats as pets. The potential risk of
infection is unknown in Austria, as there is no data on the prevalence of E. multilocularis in
dogs and cats. Our study shows that despite considerable possession of hunting dogs and

pets, no AE was diagnosed in the risk group of hunters.

To summarize, the results indicate that hunters come into contact with E. multilocularis, which
was ascertained by positive ELISA and WB tests. However, thus far, we have not been able
to observe that the proportion of hunters is higher than the proportion of non-hunters among
all Austrian AE patients. The unexpected AE cases in Austria could not be explained with our
investigations of an exposed group of “hunters.” This study demonstrates the need for further
research to elucidate on conflicting results and identify the actual risk factors for AE to be able
to avoid preventable AE ilinesses. Missing data, especially in pets about the prevalence rates

of E. multilocularis in Austria, should be investigated in future.
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Kurzfassung

Die groRe Mehrheit der dsterreichischen Blrger ist sich der Friihsommer-Meningoenzephalitis
(FSME) bewusst, dies widerspiegelt eine hohe Durchimpfungsrate von 85%. Im Gegenzug
kénnten die Risikobewertung und die Kartierung von Krankheiten bei Menschen durch hohe
und inhomogene Impfraten und Lebensraume von Menschen behindert werden. Das Rehwild
dient als Ausgangspunkt fur die ganzheitliche Betrachtung des tatsachlichen FSME-Risikos in
Osterreich. Das Rehwild weist mehrere Merkmale auf, die es als Indikatorspezies geeignet
machen. Das Rehwild ist sehr standorttreu und es ist bekannt, dass es einen starken Befall
von Zecken aufweist. Dartiber hinaus serokonvertiert es nach Infektionen mit FSME, aber es
erkrankt nicht daran.

945 Rehwildseren wurden in ganz Osterreich gewonnen und mit IFAT auf Antikrper gegen
FSME gescreent. Zweiundzwanzig (2,4%) positive Proben und 17 (1,8%) Proben mit einem
grenzwertigen Titer von 1:16 wurden identifiziert. Der Grof3teil der positiven Proben (70,6%),
wurde bekannten FSME-Gebieten - basierend auf menschlichen Erkrankungsfallen -
zugeordnet. Weitere Forschung ist erforderlich, um neue endemische Herde der FSME-
Ubertragung zu finden.

Wichtigste Ergebnisse der Untersuchung

Durch das ubiquitare Vorkommen, die hohe Standorttreue, die Serokonversion nach
Zeckenkontakt mit FSME-Viren und den Erhalt von Rehwildseren durch Zusammenarbeit mit
der Osterreichischen Jéagerschaft, die bei regularen Jagdaktivititen gesammelt wurden,
konnten wir das Rehwild als eine sehr gute Indikatorspezies darstellen.

FSME Vorkommen in Gebieten, die in der bestehenden FSME Karte von Osterreich noch nicht

ausgewiesen sind, konnten detektiert werden.

Erkenntnis zur Fragestellung

Das Ziel in dieser Arbeit war es neue FSME-Risikogebiete anhand von Rehwildseren zu
detektieren. Unsere Untersuchungen zeigen, dass das Gefahrenpotential - auch aufRerhalb
der ausgewiesenen Risikogebiete - gegeben ist, sich mit FSME Viren zu infizieren. Aufgrund
der Tatsache, dass die bestehende FSME-Risikokarte anhand vom Wohnort der

diagnostizierten Humanfalle erstellt wird und Infektions - und Wohnort mdglicherweise nicht
30



ident sind, tragen diese Ergebnisse zur Pravention bei. Insbesondere in Gebieten mit hoher
Durchimpfungsrate bei den Bewohnern, sollte diese Methode zusétzliche Informationen tber
die Verbreitung des Virus geben.
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Abstract

A large majority of Austrian citizens are aware of tick-borne encephalitis (TBE), consequently
reflected by a high vaccination rate of 85%. In return, risk assessment and disease mapping
on human cases might be hampered due to high and inhomogeneous vaccination rates and

travel habitats of humans. The roe deer was used to obtain a starting point for the integral view
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on the actual risk of TBE in Austria. The roe deer exhibits several attributes which makes it
suitable as an indicator species: the roe deer has a restricted home range and it is known to
be a heavy tick carrier. Furthermore it sero-converts after infection with TBE, but no outbreak

OCcCurs.

Sera from 945 roe deer were obtained from all over Austria and screened with IFAT for the
antibodies against TBE. Twenty-two positive samples, 2.4%, and 17 samples at the borderline
titre of 1:16 were identified. The majority of the positive samples, 70.6%, were located in known
TBE areas based on human cases. Further research is needed to confirm or reject new

endemic foci of TBE transmission

Keywords: TBE Roe deer Risk map
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Introduction

The Flavivirus responsible for causing tick-borne encephalitis (TBE) can be split into three
subtypes: the Far-Eastern, the Siberian and the European subtype. The latter subtype can be
predominantly found in Central and Northern Europe and Western parts of Russia (Heinz et
al., 2013). This virus subtype is mainly transmitted by the vector tick I. ricinus (Labuda and
Randolph, 1999), and can also be transmitted by raw milk and milk products originating from

recently infected goats, sheep or cattle (Holzmann et al., 2009; Labuda et al., 2002).

Annually about 3000 human TBE cases are reported from European countries (Kiffner et al.
2012); estimations worldwide calculate more than 10,000 hospitalized people (WHO, 2011).

Nowadays, in 2014, the immunization for TBE — with at least one dose once in their life — of

Austrian citizens is about 85% of all inhabitants (GfK Healthcare, 2014). It is assumed that

more than 4000 people were prevented from becoming infected with the TBE virus between

2000 and 2011 (Heinz et al., 2013). This high value of vaccinated people is responsible for a

low number of TBE cases in Austria with an incidence below 1 per 100,000 inhabitants in 2009

with a vaccination rate in that period of 88% with at least one dose per life (Donoso Mantke et

al., 2011; Heinz et al., 2013; Walder et al., 2008). In comparison the neighbouring country of

the Czech Republic had a much higher incidence in the same year of 7.8 per 100,000,
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reflecting the low immunization rate of 16% of inhabitants. Among the non-vaccinated groups

similar incidence rates are observed between Czech Republic and Austria (Heinz et al., 2013).

For many reasons such as children's health, tourism and animal health e.g. rare cases in dogs,
further efforts in this field is obligatory and mapping of the occurrence of the virus is of major
concern. But the areas, so called “foci of transmission”, where the TBE virus (TBEV) circulate,
are very restricted due to different requirements on vector and reservoir hosts, which in turn

are influenced by habitat parameters such as climate and vegetation (Estrada-Pefia and de la

Fuente, 2014; Randolph, 2009). Therefore in middle Europe the occurrence of TBEV in ticks

is supposed to be clustered in small areas. Consequently integral identification of risk areas is
hampered due to the difficulty of discovering all these small foci. Based on data of patients,
the current distribution map of TBE in Austria is built and constantly updated (Baxter
Healthcare GmbH, Wien). The outcome of this map could be biased due to spatially
inhomogeneous immunization rates, and the lack of data from the unsuspicious mild infections
of human patients. To overcome these problems, additional strategies were developed.
Questing ticks were sampled in various countries and screened for the occurrence of the virus
(Dobler et al., 2011; Gdumann et al., 2010; Holbach and Oehme, 2002; Kup&a et al., 2010;

Rieille et al., 2014; Siuss et al., 2004). These investigations delivered important results

concerning proven virus distribution and gave the chance to obtain different virus isolates of
different regions, ticks and time points. For epidemiological screening the limits in terms of this
method are not negligible. First of all the occurrence of the virus is focussed on highly localized
areas (Stefanoff et al., 2013), which needs a very small meshed sampling design. This in turn

increases the costs of the surveillance, especially in low-risk areas (Suss et al., 2004). In some

cases the virus load in questing ticks could be very low and only reach detection limit after

replication, which takes place after attachment (Belova et al., 2012). Especially if the samples

are pooled, a low virus load might remain undetected, reflecting a wrong picture of the actual
virus distribution.

Another study compared the occurrence of human cases with the findings in the ticks and
concluded that tick surveillances alone do not deliver reliable data for prediction maps of the
TBE virus (Stefanoff et al., 2013).

So, other efforts were conducted to identify indicator species to obtain spatial distribution data.

It has been suggested to use wildlife or livestock animals (Stefanoff et al., 2013). The obvious

animals therefore are the natural reservoir of the virus, the rodents. Some studies on these
showed a sero-conversion of about 2.6% and virus infection O of up to 20% (Achazi et al.
2011; Radda et al., 1971; Tonteri et al., 2011). The time-consuming effort needed for the

catching and sampling, including a small meshed sample design, is the reason for this study

not to choose these species.
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In this study the roe deer was chosen to look for the occurrence of TBE for several reasons.
The roe deer is distributed all over Austria. It can be found in the lowlands up to a higher level,
with an assumed reduction of habitat quality above 1600 m in summer (Reimoser et al., 2009).

This species is known to remain in a rather small home range of about 0.16-—
0.81 km? (Jeppesen, 1990; Nosek et al., 1967; Radda et al., 1968b). Roe deer are known as
heavy tick carriers (Kiffner et al., 2010; Vor et al., 2010), but symptomatic TBE in roe deer has

never been described so far (Nosek et al., 1967; Radda et al., 1968a,b). Sampling can be done

on a large scale by instructed hunters. Last but not least several studies on roe deer declared
the animals suitable for use as sentinels (Gerth et al., 1995; Kiffner et al., 2012; Nosek et al.,
1967; Radda et al., 1968a,b; Skarphédinsson et al., 2005). All these attributes make the roe

deer suitable as an indicator species for TBE.

Therefore we designed and conducted a surveillance of Austrian roe deer for the occurrence
of TBE all over Austria. The aim of this study was to deliver additional data as a starting point

for an integral risk assessment of the virus distribution.

Materials and methods

A total of 2480 sample tubes sent in packages of five tubes were distributed — related to the
size of each county — to the hunters with the help of the local hunting organizations. These
packages consisted of pre-numbered tubes and form sheets questioning data on sex,
estimated age and location of the roe deer. Additionally a prepaid, labelled and addressed
envelope was provided in each package to ensure a higher return rate.

945 sera of male and female roe deer, shot between 1st September 2013 and 31st December
2013, were sent to the Institute of Parasitology. These were aliquoted and forwarded to Gernot
Walder GmbH for further investigation.

For the production of the IFAs, 25 cm? flasks with monolayers of Vero B4 cells (no. ACC-33,
DSMZ) were infected with TBE virus strain K306, Westnile virus (WNV) strain Milano 1 or
Usutu strain Vienna and incubated at 36 °C by gently shaking the flasks every 10 min. After
1 h, Medium199 (Invitrogen GmbH, Darmstadt, Germany), supplemented with 5% inactivated
foetal calf serum (Invitrogen GmbH, Darmstadt, Germany), was added to the cultures. When
cytopathic effects were detected, the infected cultures were trypsinized, cells were adhered to
IFA slides (GML) for 1 h at 37 °C and then fixed with ice-cold 1:1 acetone-methanol mixture.
The percentage of infected cells was adjusted to 50% by adding a certain amount of uninfected
cells.

The IFA cut-off titres for TBE were established by analysing 125 sera from roe deer which were
shot at least 50 km from the next known focus or residence of a human case of TBE. Among

this low-risk collective 20.8% were positive for IgG antibodies at a titre of 1:4, 8% at a titre of
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1:8 and 0.8% were positive at 1:16. Thus, according to the criteria of WHO, the cut-off titre was

set at 1:16, where at least 98% of negative sera or low-risk sera yield a negative result.

20 yl of diluted sample was applied on the slides and the slides incubated for 40 min at 39 °C,
then washed in PBS twice. For detection, 20 yl of FITC-labelled chicken anti-deer IgG
antibodies (ACerlG-F, Gallus Immunotech Inc., Ontaria, Canada) were applied on the slide
and incubated for 40 min at 39 °C, washed in PBS and covered with Glycerine/PBS 9:1.

Sera were rated positive when the fluorescence signal could be clearly distinguished from
background at a 16-fold dilution. Sera were rated as borderline, when they gave a weak
fluorescence signal at a 16-fold dilution. Positive and borderline sera were tested by two
independent teams comprising of one technically and one microscopically working person
each. Sera which were rated positive by both teams were marked as positive and diluted to
the endpoint. Sera which were rated negative by at least one team were rated as negative. All
other sera (e.g. positive/borderline or borderline/borderline) were rated as questionable. Only
the samples tested positive and questionable for TBE, were tested further for Usutu- virus and
WNV.

The positions of the roe deer were located on commune level in a map using the geographical
information system “arcinfo” (ESRI®arcmap™ 10.0). Results of the IFAT were classified as
negative (0), questionable (1) and positive (2). Maps using the inverse distance weighting
function of arcinfo were used to draw a map. A catch distance of 10 km between the locations
was chosen.

Maps of known TBE cases in humans were inserted in the maps as well to give an integral
view (Baxter Healthcare GmbH, Wien). Calculations were performed in Excel® 2002 (Microsoft,
Washington) and SPSS v. 20 (SPSS Inc., Chicago, USA). Differences between the groups
were analyzed by using the Kruskal-Wallis test.

Results

Of the 945 sera, 22 were positive and 17 were questionable on the borderline of 1:16 titre.
Latter questionable sera showed reaction at the cut of level and cannot be counted neither as
positive nor as negative samples. All of the 22 positive roe deer sera originated from females
(Table 1). The prevalence was 2.4%. Thirteen of the 17 borderline sera were also females.
None of the 22 sera positive for TBE were positive for Usutu- or Westnile virus. One
guestionable serum was tested positive (1:32) for Usutu virus, therefore was left out for further
investigations.

Table 1. Age (estimated by the local hunter), sex, positive and questionable (at the borderline

titre) roe deer sera. “pos” = TBE antibody positive.
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Age Females/pos/questionable | Males/pos/questionable |Sex unspecified
1 33/2/- 16/-/- 1

2 149/3/2 16/—/- 1

3 211/8/2 16/—/- 2

4 145/5/2 12/—/- 1

5 102/2/2 18/-/3 2

6 60/-/3 8/-/1 -

7 68/-/1 2/—1- -

8 44/—/- 1/-/- 1

9 6/—/— —I/—I- -

10 11/-1- —I—I- -

11 1/-/- —I—I- -
Unspecified | 14/2/- 2/—I- 2

Total 844/22/12 91/-/4 10

% 90.3/2.4/1.4 9.7/-/0.4 1.07
Mean age 4.1/3.1/4.4 3.4/-/5.3 3.88
95% ClI [4.0-4.3]/[2.6-3.6]/[3.4-5.5] |[3.1-3.8]/—/[4.4-6.0] [2.1-5.7]

Fourteen of the 22 positive roe deer sera, 63.6%, are found in supposed human risk areas.

Eight of the positive sera were found in areas where no human case has been reported so far.

Of the questionable 16 sera at the borderline, 68.8% were found in areas with no human case

(Fig. 1). Concerning the age composition there is a significant difference between males and

females (p < 0.01), but there is no significant difference in terms of positive or questionable

sera between males and females.
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Legend

1
/77 areas with negative roe deer sera

L J areas with questionable roe deer sera
- areas with positive roe deer sera
- TBE areas based on human cases

Fig. 1. Map of Austria showing TBE risk areas (Baxter Healthcare GmbH, Wien) and found
potential transmission foci based on the roe deer samples. The coloured areas for positive and
guestionable (at the borderline titre) roe deer sera reflect an estimation based on interpolation
of the roe deer sera by inverse distance weighting. The green circle indicates the area of
Berwang, where a human seroconverted during the study in a supposed TBE-free region. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

Discussion

Risk assessment of TBE remains a topic of major concern in terms of public health. Although
a good proportion of Austria's citizens are aware of the topic and vaccination rates — rate of
people who received at least one dose per life — are incomparably high, these rates seem to
have decreased in the recent past from 88% in 2005 to 85% in 2011, to 82% in 2013 and
slightly increased to 85% in 2014 again (GfK Healthcare, 2014; Heinz et al., 2013). One
important tool for prevention is to provide distribution or risk maps. Nevertheless risk maps for

TBE based on human cases can be biased due to the travel behaviour of humans, different
vaccination rates and disproportionate exposure risk among vaccinated and non-vaccinated

people (Heinz et al., 2013; Kiffner et al., 2012), and also possibly due to a different

pathogenicity of different virus isolates in various areas (Dobler et al., 2009; Stefanoff et al.,
2013).
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In terms of TBE a countrywide surveillance system based on tick sampling seems to be
ineffective and time- and cost-consuming, and thus not an ideal method to substitute human

risk maps (Stefanoff et al., 2013; Suss et al., 2004). Furthermore it does not reflect the actual

risk onto humans, so other surveillance methods such as wildlife or farm animal investigations

have been suggested (Stefanoff et al., 2013).

Roe deer represent very good sentinel animals, which can help to substitute risk maps (Gerth
et al., 1995; Kiffner et al., 2012; Nosek et al., 1967; Radda et al., 1968a, 1968b). Furthermore
it is believed to be one of the driving forces of tick distribution, spreading and sustaining the
population (Carpi et al., 2008; Knap and Avsi¢-Zupanc, 2013; Labuda and Randolph, 1999;
Medlock et al., 2013), therefore might be responsible for he spreading of pathogens as well

(Kiffner et al., 2012). In terms of TBE this is discussed controversially: the viraemia in roe deer

is supposed to be too low to have an impact on spreading the pathogen itself (Labuda et al.,

2002; Nosek et al., 1967). Large ungulates are believed to harbour mainly adult ticks. The

vertical transmission of the virus to the progeny seems negligible, presumably not delivering

enough infected ticks to implement a new transmission foci (Estrada-Pefia and de la Fuente,

2014). Large mammals contribute to the transmission by feeding adult ticks and thus

maintaining the tick population (Labuda and Randolph, 1999). Additionally on roe deer all three

life stages can be found, feeding (Skarphédinsson et al., 2005) and potential co-feeding

between nymphs and females and larvae and nymphs was predicted due to substantial

overlapping of attachment sites on the host (Kiffner et al., 2011).

Quite intriguing is the low number of total seroconverted animals compared to other studies,
where 15% to up to 50% positive roe deer in an area were detected (Kiffner et al., 2012; Radda

et al., 1968b). We tried to achieve sera from many different places to cover more areas. In

contrast to the study of Kiffner and colleagues (2012), for example, a much larger area was
screened, thus including many areas with no TBEV foci. So, if the “mesh size” of the
investigated roe deer samples had been smaller, we would have obtained more animals in and
around the positive foci, and consequently the overall prevalence would have increased.

Although there has been a trend of TBE shifting to higher altitudes over the last ten years,
natural foci of TBE are usually recorded below 1400 m of altitude, yielding a relatively small

percentage of potentially affected areas in the alpine parts of the country (Walder et al., 2008).

Additionally the sex might have an impact on the result. Interestingly in one study females were
less positive concerning antibodies than male roe deer, for which the authors cannot give an

explanation (Gerth et al., 1995). Although there are no differences in the home range of the

sexes, this might be reflected by the habit of movement of the animals. Males have bigger

activity patterns in springtime, probably as a result of territorial behaviour (Jeppesen, 1990).

So, males might have an increased likelihood of achieving a positive focus at a time of the year
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with ongoing tick activity. In our data set we could not confirm a higher risk for males of
becoming infected.

A third explanation for the low number of positive roe deer sera could lie in the material itself.
The blood of the roe deer often had a haemolytic appearance due to the logistical challenges,
so antibodies might have denatured as well. Although this cannot be ruled out, the antibodies
are known to be very stable and we do not expect this to have a large impact.

The majority of positive roe deer sera (63.6%) were from the areas of known or assumed TBE
risk based on human cases. This can be seen not only as confirmation of the already existing
map, but also as additional information giving an integral view on possible risk in the already
known areas. Due to the fact that roe deer do not migrate like humans do in the form of tourism
and the like, positive foci could be identified more accurately. With the help of this information,

attempts can be undertaken to localize transmission foci.

Much more important are the areas which were identified being potential risk areas based on
the roe deer sera data, but have not shown any human cases in the past. These areas might
have been neglected in terms of human infections, possibly due to fewer human visits based

on lower “attractiveness” for humans (Estrada-Pefia and de la Fuente, 2014) such as uninviting

landscape, dense vegetation etc. Humans might not have reached these foci until now,
whereas roe deer are living there, “sampling” positive ticks. If these areas are not attractive for
human use, the actual risk coming from these areas can be discussed. Due to the increasing
popularity of outdoor activities of people expanding to new and undiscovered places, any of
these new potential foci should be considered in terms of potential TBE refuges. Similar to the
other foci, these localized areas help to get an integral view on possible infection sites.
Notable is the fact that there is at least one potential focus based on the roe deer data in
Berwang (marked with a green circle in Fig. 1), which overlaps geographical with a
serologically confirmed human case, who has probably been acquired about 10-15 km away
in the neighbouring community of Ehrwald during the course of this study (Walder,
unpublished). This area had hitherto not been known to host TBE.

But caution has to be exercised with these data. Similarly to human case data, the roe deer
data can be biased. Normally the movement of roe deer is supposed to be restricted to a
certain area and during a study of tagged roe deer fawns, 64.7% stayed within 500 m of their
birthplace. About 2.1% moved more than 20 km, but some individuals might migrate up to

64 km (Reimoser et al., 1999). Especially young deer migrate some distance, until they find

their habitat. But TBE antibodies are believed to persist a lifetime (Stanek and Hofmann, 1994).

So it cannot be excluded that young roe deer become infected in a certain area, then moved
to another and settled there. This might draw a wrong picture of non-existing transmission foci.

Therefore the location of one positive roe deer serum is not equal to one positive infection
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focus. Even more, there might be possibility concerning cross-reactions to other flavivirus such
as Usutu- and Westnile virus. In the cases of the positive TBE sera found in this study, we
could exclude this for the aforementioned viruses. One questionable serum was positive for
Usutu, therefore the borderline TBE titre might reflect a wrong positive result for TBE.
Nevertheless the others did not reveal a positive result neither for Usutu- nor for Westnile virus.
So, even if we exclude the serum tested positive for Usutu from all questionable sera in
unknown risk areas, there is still a high amount of 68.8% of these sera remaining. This might
be a hint for a low infection pressure in these cases. It is generally assumed that roe deer
become re-infected every now and then if situated near a transmission foci, consequently the

antibody titre remains at a high level (Nosek et al., 1967). The questionable titre might be

caused by a lack of re-infections due to an inability to reach positive ticks as a consequence
of migration to a TBE-free region. Yet there are no long term data on antibody persistence in
roe deer after TBE infection, therefore further investigations on other roe deer, rodents and
ticks have to be made to confirm a positive site. Additionally the data reflect a snapshot and
do not claim to deliver all positive foci of transmission in Austria, meaning that areas with
confirmed negative roe deer do not necessary exclude the occurrence of any TBE foci in that
area.

Concerning the age of the roe deer, it is assumed that it does not have a big impact on the
results, because if situated near to a focus, the animals become infected quite early. If there is

no infection foci, the roe deer will not be exposed during their entire life (Gerth et al., 1995).

This is in concordance with this data. The animals with a positive titre have a lower mean age
than the whole group, indicating a very early infection time point.

In conclusion roe deer represent a very good indicator species due to the easiness of obtaining
samples, the overall distribution of the roe deer and the almost restricted home range of the
animals. Especially in areas of high vaccination rates of inhabitants, such as in Austria, this
method should be considered as additional data on the distribution of the virus. Only a
combination of all available direct and indirect data e.g. from humans, ticks, rodents and wild

ungulates is able to give an integral view on the actual distribution of the virus.
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Kurzfassung

In der vorliegenden Studie wurden Blutproben von 813 aktiven gesunden Jagerinnen in allen
neun Bezirken Tirols gewonnen. Sie wurden serologisch mittels PCR auf anti-Babesia-
Antikdrper und Babesia spp. untersucht. Von diesen 813 Jagerinnen erinnerten sich 550 (68%)
an einen Zeckenstich. 755 (93%) jagen regelméRig Schalenwild. Anti-Babesia-Antikdrper
wurden mittels IFAT in einem einzigen Serum (0,12%) der 813 Proben mit einem Titer von
1:64 nachgewiesen. In 28 Seren (3,4%) wurde ein Titer von 1:16 bestimmt. Alle PCR Proben
waren negativ auf Babesia spp.

Die Resultate bestdtigen das Vorhandensein von anti-Babesia-Antikbrpern bei gesunden
Personen. Die Abwesenheit von DNA spricht fir eine hohe Selbstlimitierung bei diesen

asymptomatischen und immunkompetenten Individuen.

Wichtigste Ergebnisse der Untersuchung

Ein Kontakt zu den zoonotischen Erregern konnte in dieser Studie klar gezeigt werden. Von
den 813 mittels IFAT getesteten Seren reagierten 28 (3,4%; 95% CI: 2,2-4,7%) auf Babesia
spp., davon 27 mit einem Titer von 1:16 und 1 Probe mit einem Titer von 1:64. Von den 28
serologisch reagierenden Jagerinnen erinnerten sich 20 (71,4%) an einen Zeckenstich. 27
(96,4%) Jagerinnen jagen regelmanig Schalenwild.

Alle reagierenden Proben wurden auch auf das Vorhandensein von Babesia-DNA getestet.
Sie alle lieferten in der PCR negative Ergebnisse. Auf Bezirksebene zeigten Kitzbuihel (6%,
95% CI: 1-11%) und Landeck mit (7%, 95% CI: 2-12%) in der Seropravalenz die hochsten
Werte. Geringe Seropravalenz wurde hingegen in der Region Innsbruck und Innsbruck-Land
festgestellt.

Hochrisikogebiete zu definieren ist jedoch aufgrund der allgemein niedrigen Prévalenz

schwierig.
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Erkenntnis zur Fragestellung

Unsere primare Frage war, ob wenig bekannte Pathogene, die durch Vektoren Ubertragen
werden, in Osterreich existent sind. Diese Frage konnten wir in dieser Arbeit umsetzen und
beantworten.

In unserem Fokus stand die Untersuchung von Babesien spp.

Informationen Uber diese Erreger sind insofern sehr wichtig und bedeutungsvoll, da sich die
Therapie dieser von ihnen verursachten Erkrankung von der Borreliose sehr unterscheidet.
Diese Studie soll vor allem praktizierenden Arzten helfen auch an diese Erreger zu denken,
sie in ihre Differentialdiagnose miteinzubeziehen und dadurch die richtige Behandlung

einzuleiten.
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Abstract Page

Title of the article: Serological and molecular screening for tick-borne zoonotic pathogen

Babesia spp. in hunters in Tyrol, Austria

Aims: The aim of the study is the assessment of the tick-borne pathogen Babesia spp. in
active hunters in Tyrol. The epidemiological risk of this zoonotic pathogen was analysed using
a serological and molecular screening and may, therefore, support physicians and public
authorities in health risk management among this highly exposed group.

Settings and Design: In the present study a cross-sectional study was carried out from March

to April 2015 and 2016, comprising all nine districts of Tyrol.

Methods and Material:Blood samples of 813 active hunters were collected and tested for anti-
Babesia antibodies (B. divergens and B. venatorum) by serology and for Babesia spp. by PCR.
Results: Healthy participants (n=813) between 18 and 86 years of age were tested in this study
(median age 52.5 years). Out of these, 755 (93%) regularly hunt game and 550 (68%) recalled
having had a tick bite. Of the 813 sera tested by immune fluorescence antibody testing (IFAT),
28 (3.4%; 95% confidence interval (Cl): 2.2—-4.7%) reacted. Of those only one individual had a
titre level of 1:64, which may be interpreted as positive, and 27 (3.32%) had a titre level of
1:16, which is considered negative. By PCR, all samples remained negative for Babesia spp.
DNA. At the district level, seroprevalence IFAT 1:16 shows the highest values in Kitzbihel with
(5.1%, 95% CI: 1-11%) and Landeck with (7.3%, 95% CI: 2-12%).

Conclusions:

To our knowledge this is the first in vivo serological screening in Austria conducted during early
spring when tick activity is still low. We could show that anti-Babesia antibodies were detected
in a single healthy tested person. Since these pathogens occur very rarely, our study aimed to

focus clinical attention on these rare zoonotic pathogens to facilitate early disease recognition.
Key-words: Babesia spp.; serological and molecular screening; hunters; Tyrol; Austria

Key Messages: Since these pathogens occur very rarely, our study aim is intended to help
clinicians to become aware about these zoonotic pathogens in order to detect possible cases

of iliness early enough, and should be considered in the differential diagnosis of febrile iliness

occurring after exposure to ticks, in particular in immunocompromised patients.
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Introduction:

Human babesiosis is a zoonosis with increasing incidence worldwide and is primarily caused
by the bite of Ixodid ticks®. The tick-borne piroplasmids of the genus Babesia spp. (phylum
Apicomlexa) are hemoprotozoa®*, and several species, including B. divergens, B. venatorum,
and B microti, may cause human babesiosis®. Infections due to Babesia spp. are particularly
dangerous for immunocompromised and functionally or anatomically asplenic individuals, in
whom they can be fatal®. Blood products can also be contaminated with Babesia spp., resulting
in further infections’®. B. divergens and B. venatorum can lead to moderate and severe
babesiosis. Patients’ symptoms include fever, anemia, hemoglobinemia, respiratory distress
syndrome, pulmonary edema, disseminated intravascular coagulation, congestive heart
failure, hemoglobinuria, renal failure, coma or splenic rupture but may also show a prolonged
relapsing course of iliness. However, it has also been shown that B. venatorum can also be
asymptomatic?> 24 2627 Different antibody levels for B. divergens and B. venatorum in the
literature are difficult to interpret, and cross-reactions are possible! 26, For treatment, antibiotics
such as atovaquone plus azithromycin or clindamycin plus quinine are applied?®. Although the
two most important treatment regimens generally still appear effective, there may be problems
with the response speed to therapy?*; therefore, monitoring of the course of therapy is
necessary?’.

Ixodes ricinus (I. ricinus), the most common and the most widespread tick species in Austria,
is not only the main vector for the tick-borne-encephalitis virus and Borrelia spp. but also the
main vector for anthropozoonotic Babesia spp.®*! Coinfections are widespread in I. ricinus and
may also affect humans, in particular, when there is frequent exposure to tick bites'#16,
Likewise, the evidence of Babesia spp. in wild ungulates is reported as a possible source of
infection?8-30,

In contrast, borreliosis has an estimated number of approximately 50,000 human cases in
Austria each year®, so practitioners are usually aware of this bacterial infection. However,
knowledge about the epidemiology of infections caused by Babesia spp. in Austria is scarce,
and to the best of our knowledge, there was only one seroepidemiological study that focused
on the risk of transfusion-related babesiosis?®.

The objective of the present study was to conduct a serological and molecular screening for
the tick-borne pathogen Babesia spp. in active hunters in Tyrol, Austria, in order to contribute
to the health risk management of tick-borne diseases, provide information to physicians about
this zoonotic pathogen, and raise awareness as to potential therapeutic considerations in

addition to other bacterial transmitted tick-borne pathogens.
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Subjects and Methods:

Design and study site: A cross-sectional descriptive study was carried out from March to April
2015 and 2016 in all nine districts of Tyrol, Austria. Tyrol is bordered by the provinces of
Salzburg to the east, Vorarlberg to the west, and Carinthia to the south. The neighbouring
countries of Tyrol are Germany (to the north), Italy (to the south), and Switzerland (to the west).
(Fig. 1). Each participant completed a questionnaire that included the patient’s age, exposures
to tick over the last 5 years, and activities of hunting of wild ungulates (comprising red deer
(Cervus elaphus), roe deer (Capreolus capreolus), alpine chamois (Rupicapra rupicapra) and
alpine ibex (Capra ibex)).

Selection of human subjects: The selected participants were 813 active hunters (i.e., 5%, 736
males and 77 females). After written informed consent, blood samples were collected during
March to April 2015 and 2016.

Sampling and laboratory analysis: The venous blood samples were collected by medical
doctors using Vacuette®—Multiple Use Drawing Needle (Greiner Bio-One GmbH. 4550
Kremsmunster, Austria) and Vacuette®-8 ml Z Serum Sep Clot Activator (Greiner Bio-One
GmbH. 4,550 Kremsmunster, Austria) and Vacuette®-3ml| K3EDTA tubes (Greiner Bio-One
GmbH. 4550 Kremsmiunster, Austria). The samples were stored at +4°C before further
processing.

Serum tubes and questionnaires were numbered and checked twice by independent persons
(medical doctors and a principal investigator) for their reliability.

Serological diagnosis: All sera were tested for anti-Babesia antibodies by an in-house
immunofluorescent antibody test (IFAT) using B. divergens as an antigen.'®” The bovine-
derived B. divergens whole cell antigen was fixed onto glass slides. Patient sera were diluted
in microtitre plates (1:16, 1:64, 1:256, 1:1024 and 1:4096) in phosphate buffered saline (PBS),
20 pl of each dilution were inoculated onto the reaction sites of the slides and incubated in a
moist chamber at room temperature for 40 minutes. Slides were washed twice for seven
minutes in PBS, rinsed in distilled water (dH20) and air-dried. A commercial fluorescein
isothiocyanate-conjugated (FITC) goat anti-human antibody to total immunoglobulin (Fluoline
H conjugates Biomerieux Vienna, Austria) was used. The conjugate antibody (20 pl) was
added at a dilution of 1:400 in PBS and supplemented with 0.5% Evans blue (BioMerieux
Vienna, Austria). The slides were again incubated for 40 min in a moist chamber at room
temperature, washed twice with PBS (seven minutes), rinsed with dH20 and covered with
phosphate-buffered glycerine and a cover slide. Titres were evaluated by fluorescence
microscopy (Eclipse E800, Nikon, Vienna, Austria).

A serum sample from a patient with proven babesiosis was used as a positive control; in this
case of B. venatorum babesiosis confirmed by IFAT, microscopy, PCR and DNA sequencing,

PBS was used as a negative control. All sera were tested in the dilutions (in PBS) of 1:16 and
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1:64. Therefore, 20 ul of each dilution was inoculated onto the coated slides, incubated for 40
min in a moist chamber at room temperature, washed twice in PBS for seven minutes, rinsed
in dH20 and covered with phosphate-buffered glycerine and a coverslip. Subsequently, the 20
pl conjugate was added at a dilution of 1:400 in PBS and supplemented with 0.5%. Evans blue
(BioMerieux, Vienna Austria). The binding of antibodies was evaluated by UV microscopy at
400x magnification. All reacted sera (=1:16) were also tested in the dilutions 1:256, 1:1024 and
1:4096.

Molecular diagnosis: All serologically reacted individuals were also tested for the presence of
Babesia DNA by PCR using 400 pl EDTA blood samples. In brief, total DNA was isolated from
EDTA blood samples using the peqGOLD Blood DNA Mini Kit (Peglab, Erlangen, Germany)
and following the manufacturer’s instructions. Isolated DNA out of 400 ul of EDTA whole blood
was eluted in 100 ul buffer. A PCR was performed, amplifying an approximately 500 bp
fragment of the ribosomal DNA, including the internal transcribed spacer region 1 (ITS1),
length depending on species, and allowing species identification after DNA sequencing!®. One
ul, three pl and six pl of the extracted DNA were used for each sample. Double-distilled DNA-
free water (Sigma-Aldrich GmbH, Vienna, Austria) was used as a negative control. The
amplicons were visualised in a 2% agarose gel by staining with GelRed™ (BioTrend, Cologne,
Germany).

Statistical analysis: All analytical experiments were performed in triplicate and repeated three
times with similar results. Positive and negative controls were used at all times (see Materials
and Methods). A joint datasheet was generated containing age, tick exposures, hunting wild
ungulates, as well as serological and PCR test results of hunters. Mean, median and standard
deviation were calculated using Microsoft Excel version 2013. The calculation of
seroprevalence in the districts was carried out using SPSS package v. 24 (SPSS Inc., Chicago,
IL,USA).

Results:

A total of 813 healthy participants were tested in this study (median age 52.5 years). Of these,
550 (68%) recalled having had, at least, one tick bite during the last five years and 755 (93%)
of the participants regularly hunted wild ungulates.

Of the 813 sera tested by IFAT, 28 (3.4%; 95% CI: 2.2—-4.7%) reacted for Babesia spp., of
which 27 reacted with a titre of 1:16, and 1 sample reacted with a titre of 1:64. Of the 28
serologically reactive hunters, 20 (71.4%) recalled having had a tick bite and 27 (96.4%)
regularly hunt game.

All reactive specimens were further tested for the presence of Babesia DNA delivering negative
results by PCR. At the district level, the seroprevalence IFAT 1:16 showed the highest values
in Kitzbuhel with (5.1%, 95% CI: 1-11%) and Landeck with (7.3%, 95% CI. 2-12%). In contrast,
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low seroprevalence was seen in the region of Innsbruck and Innsbruck-Land. However, due to
the low general prevalence defining high risk regions based in the presented evidence is
difficult (see Table 1 and Figure 1)

Discussion:

The awareness and reports of Babesia spp. in animals and humans surged in the recent past.
The impact of zoonotic Babesia spp. onto humans, particularly, remains unclear, and
knowledge about spatial and temporal occurrence is scarce® 28, In terms of blood donations,
these pathogens pose a potential risk;*® therefore, screening of apparently healthy people with
known outdoor activity represents an indispensable dataset. Even more, 550 (68%) of the 813
(100%) examined hunters, reported having had tick bites in recent years.

In Austria the competent vector of human-relevant Babesia Ixodes ricinus is widespread® and
known to harbour Babesia spp. in some areas with prevalences up to 50%?. It is quite
intriguing that so far only one confirmed autochthonous human babesiosis was diagnosed??,
especially when it is taken into consideration that tick bites are widespread in the Austrian
population as shown by the estimated number of 50,000 Lyme cases, another tick-borne
pathogen transmitted by 1. ricinus, per year.®

In our study one individual reacted highly positive since a titer of 1:64 found in the first reported
case of babesiosis in Austria occurred in 2000 in a splenectomised individual; the causative
agent is referred to as EU1 aka and later described as the new species B. venatorum. This
patient had an antibody titre of 1:64 in an IFAT using B. divergens as an antigen? and this
case was also confirmed by using PCR. With the detection of Babesia spp. with a titre level of
1:64 in our study, this test procedure has already been used in other studies'® 2. Nevertheless,
it has to be mentioned that according to WHO guidelines, a titre range of 1:128 for B. divergens
is to be regarded as positive®. Furthermore, 27 samples showed a titre of 1:16, which can be
considered as reactive but rated negative. The reasons for the low titre in those cases can vary
and their interpretation has to be done with caution. Those patients might have had contact
with Babesia some time ago and the parts of the persisting antibodies can perform some
reactivity. This would be supported by the fact that 20 out of the 28 IFAT reactive hunters
recalled having a tick bite in the past years. Nevertheless, this hypothesis is rather vague and
other options, such as cross-reactivity, unspecific reactivity and differences in individual
interpretation by the investigators and laboratories,? ** 19 have to be taken into account. Other
detection methods such as PCR are not suitable in this case because in immunocompetent
individuals infections due to B. divergens or B. venatorum are self-limiting and the parasitemia
may last for a short period. Only within this time frame, the Babesia DNA is detectable by PCR
in EDTA blood???4, Therefore, it is no wonder that in our cohort no PCR-positive sample was

found, but for the sake of completeness and not to miss an acute infection, this investigation
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was additionally performed. Overall, comparing serological studies is problematic as there is
still no standardised method for IFAT examinations?.

Our study shows that healthy individuals were exposed to B. divergens or B. venatorum with
a prevalence rate of 0.12%. Our results differ from a study in Germany, which shows a sero-
prevalence rate of 3.6% to B. divergens®. This prevalence rate in Germany was because these
subjects were exposed to more tick bites than healthy blood donors examined in this study*®
12_

Our prevalence rate of 0.12% in healthy subjects (anti-Babesia-antibodies to B. divergens / B.
venatorum) differ too from the first study in Tyrol, which showed a sero-prevalence rate of
2.1% IgG antibodies against B. divergens in healthy blood donors*®. In contrast, a study from
Slovenia,?® which was also carried out in spring, and a study from France,?! which was carried
out from December to December, showed sero-prevalence of approximately 10% and 0.1% of
B. divergens in foresters who spend much work-related time outdoors.

This suggests a much higher prevalence in Slovenia as compared to our data. An explanation
of these various results could be the use of non-standardized IFA tests! since the vector I.
ricinus is also the most widespread tick species in Slovenia?® with the same pathogens as in
Austria®!L. In contrast, in France the risk of infection seems to be close to zero and can be
correlated with our study. Furthermore, the investigations on B. divergens were carried out in
northeastern France only in forest workers who had a proven tick contact by other tick
pathogens??.

These highly diverse results highlight the importance of those screenings to assess the risk
posed by this type of zoonotic infections. In addition, due to the lack of long-term follow-up
findings for B. divergens and B. venatorum, we do not know how fast antibody titres decrease
over time after infection. The collection of blood samples for our study was performed from
March to April, when tick activity is low®, and is the first study to be conducted in Austria during
this period. Given the titre level of 1:64 in our research, we assume that this tested hunter had
a recent tick bite before winter.

On the district level, in Imst, evidence of Babesia spp. could be found in 47 out of 48 I. ricinus
examined at all stages (adult, nymphs and larvae) in a previous study*!. In our study, 43 active
hunters were examined in this district without supporting evidence of Babesia spp. In the
district of Schwaz (Fluigen), 48 I. ricinus ticks were examined; no positive result was detected
in them!? or in the 71 surveyed hunters in this district. Recently, a paper was published on
screening ticks from the same tick collection used by Blaschitz and colleagues. It is interesting
that from this cohort of 2005 in Tyrol only 2 proofs of B. divergens were furnished. Schétta and
colleagues? state that the high prevalence rates, close to 50%,! are possibly due to increased
collection numbers from the same place, which could reflect the potential of transstadial and

transovarial transmission as well as the impact on the development of infection foci?®. In 2014,
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seroprevalence rates of IgG antibodies against B. divergens in Tyrol were performed. Kitzbuhel
is located in the area with an estimation of 1% - 2% and Landeck is located in the area with a
seroprevalence less then 1%?*°. In our Study seroprevalence at the district level shows the
highest in Kitzbuhel with (5.1%, 95% CI: 1-11%) and Landeck with (7.3%, 95% CI: 2-12%).
The test person with a titer of 1:64 who was rated positive was also detected in the district
Kitzbiihel (Table 1). Due to different titer levels and the low prevalence, comparability and
interpretation should be considered with great caution.

It is known that Babesia spp. occur in wild ungulates, especially in our study area in which the
813 active hunters were screened?®?°, In regard to the transmission of these tick-borne
pathogens spread via routes other than ticks, many questions remain unsolved. In literature
the possibility of infection through the handling of killed game, especially wild ungulates, is
discussed?®. Although a high number of the hunters investigated in this study (755, 93%) had
regular contact with shot wild ungulates, no evidence of increased risk could be drawn from
these results. Therefore, these routes remain rather hypothetical.

In the current study with 813 participants from Tyrol, we assume that one healthy, active hunter
had contact with Babesia spp. Further evaluation with direct detection of Babesia DNA
remained negative. This very low prevalence in comparison with other similar studies is
interesting and highlights the need for further research. There remains a great concern
regarding latent infections that cannot be detected by PCR and show no overt signs of disease.
Here, follow-up studies are required to detect possible reactivation. This study was the first in
Austria to assess a serological screening in a high-risk population in the early spring when tick
activity is still low. We show that anti-Babesia antibodies may be detected in an apparently
healthy person. The lack of long-term studies on the course of antibodies after exposure to B.
divergens and B. venatorum shows, in addition to the research need mentioned above, a large
gap that still needs to be filled. Our study aimed to help clinicians become aware of these
zoonotic pathogens to detect possible cases of iliness early enough. Babesia spp. should be
considered in the differential diagnosis of febrile illness occurring after exposure to ticks,

particularly in immunocompromised patients.
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on January 28th, 2015 (No: 415-E/1845/2-2015). The written informed consent was given by
the patients for their information to be stored and used for this study.
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Table 1 and Figure 1
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Table 1: Number of examined hunters in the nine Tyrolean districts, their tick contact in recent years,
hunting wild ungulates, results in IFAT and PCR investigation. In the district Kitzblhel” the reactive
hunter of 1:16 hunter was not listed because it was positive in 1:64. 95%CI: 95% confidence interval
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Figure 1: Location of the study area. Light areas show the nine districts of Tyrol (Austria). Geographic
proveniences of the hunters with IFAT (anti-Babesia antibodies) are indicated by black triangles (titre of
1:16 rate as negative) and a black star (titre of 1:64 rate as positive).
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Zusammenfassung und Ausblick

In dieser Doktorarbeit wurden zoonotische Pathogene in immunkompetenten Personen und in
Wildtieren untersucht. Die Ergebnisse dieser Arbeit sind Grundlage fur das aktuelle
Vorkommen der Erreger. Daraus profitieren sowohl die 6ffentliche Gesundheit als auch unsere
Arzte und sie dienen der Pravention. Denn eine Frilherkennung von Zoonosen durch
Uberwachung an der Schnittstelle Mensch-Tier ist ein entscheidender Schritt zur Bekampfung

und zur Pravention von Zoonosen (Salyer et al. 2017).

Der im 1. Kapitel untersuchte Erreger E. multilocularis ist im Bundesland Tirol endemisch und
verursacht die humane AE (Auer 2006). Diese eher seltene aber lebensbedrohliche Infektion
(Brunetti et al. 2010) wurde in den letzten Jahren vermehrt diagnostiziert (Schneider et al.
2013). Jagerlnnen werden in vielen Studien aufgrund ihrer jagdlichen Aktivitdten als
Risikogruppe, eine AE zu entwickeln, gesehen (Kern et al. 2003, 2004, Tiaoying et al. 2005,
Schneider et al. 2013, Sadkowska-Todys et al. 2015). Trotz des hohen Gefahrdungspotentials
infolge ihrer langen Jagdaktivitaten (52,6% jagen seit mehr als 20 Jahren) gab es keinen
eindeutigen Beweis fiir die Diagnose einer AE.

Trotz der Tatsache, dass Jagerlnnen mit E. multilocularis vermehrt in Kontakt kommen, gab
es bei der Erkrankungshaufigkeit keinen Unterschied zwischen Jagerlnnen und der
nichtjagenden Bevdélkerung.

Im 2. Kapitel war das Rehwild (Capreolus capreolus) im Fokus unserer Studie. Die bestehende
FSME-Verbreitungskarte fur Osterreich wird anhand von diagnostizierten humanen FSME-
Erkrankungen erstellt (Baxter Healthcare GmbH, Wien). Die hohe Durchimpfungsrate der
Osterreichischen Bevolkerung (Donoso Mantke et al. 2011; Heinz et al. 2013; Walder et al.
2008) fuhrt zu einer Verschleierung des FSME-Infektionsrisikos. Es treten zwar weniger Féalle
von FSME-Erkrankungen auf, doch die Gefahr einer Infektion bleibt fiir ungeimpfte Personen
bestehen (Stefanoff 2011).

Rehwild ist einem starken Befall des Ektoparasiten . ricinus ausgesetzt (Kiffner et al. 2010;
Vor et al. 2011), welcher das FSME-Virus repliziert und durch einen Stich tGbertragt (Labuda
et al. 1999). Das Rehwild selbst entwickelt nach dem Kontakt keine symptomatische FSME-
Infektion (Nosek et al. 1967, Radda et al. 1968a, b), jedoch FSME-Antikérper (Gerth et al.
1995; Kiffner et al. 2012; Nosek et al. 1967; Radda et al. 1968a, b; Skarphedinsson et al. 2005)
und wird dadurch zu einer sehr guten Indikatorspezies. Unsere Ergebnisse zeigen FSME-
Antikdrper bei Rehwildseren in Gebieten, in denen noch kein humaner FSME-Erkrankungsfall
aufgetreten ist. So konnten wir die These, Rehwild als eine sehr gute Indikatorspezies zu
sehen, bestatigen.

Diese Erkenntnis ist besonders flr noch nicht ausgewiesene Gebiete wichtig. So kann die

FSME Risikokarte in Osterreich komplettiert werden. Gleichbedeutend ist sie fiir Gebiete mit
59



hoher Durchimpfungsrate in der Bevolkerung, um das potentielle Infektionsrisiko aufzuzeigen.
Infektionskrankheiten, wie etwa im 2. Kapitel beschrieben oder auch die bekannte Lyme
Borreliose, die in Osterreich auf annahernd 50 000 Falle pro Jahr geschatzt wird (Stanek 2009)
zeigen den extremen Kontakt von Menschen zu Zecken.

Durch das haufige Vorkommen der vorher genannten Erreger haben Arzte ein Bewusstsein
fur diese zoonotischen Pathogene entwickelt. Hingegen sind Babesien spp., die im 3. Kapitel
behandelt werden, in Osterreich noch wenig allgemein bekannt (Sonnleitner et al. 2014).
Untersuchungen von Babesien spp. Erreger sind besonders wichtig. Babesien spp. sind
Hamoprotozoen (Schnittger et al. 2012) und unterscheiden sich in der Behandlung von
bakteriell Gbertragenen Zeckenpathogenen essentiell (Sanchez et al. 2016; Kletsova et al.
2017).

Unsere Forschungsergebnisse zeigen einen einzigen positiven Nachweis mittels einem anti-
Babesien-Antikorper Titer von 1:64. 27 Probanden zeigen einen grenzwertigen anti-Babesien-
Antikdrper mit einer Titerhdhe von 1:16.

Die Abwesenheit von DNA lasst auf eine Selbstlimitierung immunkompetenter Personen

schliel3en.

In den Bereichen “zoonotische Pathogene in Osterreich® sind noch viele Liicken zu schlieRen.
In 1. Kapitel konnten wir Jagerinnen als Risikogruppe ausschlieBen. Jedoch erklart dies nicht
die vermehrt aufgetretenen humanen AE Erkrankungsfalle in Osterreich. Daraus ergibt sich
ein enormer Forschungsbedarf, zum Beispiel neue potentielle Ubertragungswege
aufzuzeigen. E. multilocularis zirkuliert hauptsachlich in einem sylvatischen Lebenszyklus,
indem der Rotfuchs (Vulpes vulpes) als Haupt- und Endwirt und Nagetiere wie z.B. Microtus
arvalis, Arvicola terrestris, Ondatra zibethica als Zwischenwirte fungieren. (Eckert et al. 2001,
Oksanen et al. 2016).

Bedeutungsvoll, aber viel zu wenig bekannt ist der synantrope Lebenszyklus der Rotfiichse.
Sie adaptieren sich durch ihre hohe Anpassungsfahigkeit immer 6fters in Stadten (Gloor et al.
2001, Romig et al 2006, Robardet et al. 2008). Damit findet eine Kontamination der urbanen
Umwelt mit E. multilocularis statt (Deplazes et al. 2004).

Vorliegende Forschungsergebnisse zeigen, dass Haustiere, insbesondere Hunde, als
Endwirte fungieren und so die Umwelt kontaminieren, indem sie infektiose E. multilocularis-
Eier ausscheiden (Eckert et al. 2004, Kern et al. 2004, Duscher et al. 2015).

Interessant und wichtig ware eine Beprobung von Haustieren und von Zwischenwirten um
aktuelle Préavalenzraten zu erhalten. So bekame man Informationen Uber eine potentielle

Gefahrdung, die von Haustieren ausgeht.
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Grundlegend wichtig ist die Aufklarung der Bevdlkerung, sowohl in ruralen als auch in urbanen
Gebieten, um ein Umdenken zu schaffen und so praventiv dem Erreger E. multilocularis
entgegenzuwirken.

Die Forschungsergebnisse im 2. Kapitel sollen einen Beitrag fur die Bevdlkerung leisten und
ihr nahe bringen, dass Infektionen auch in Gebieten méglich sind, die in der derzeitigen FSME
Risikokarte nicht ausgewiesen sind. Dadurch soll auch das Bewusstsein fir diesen
gefahrlichen Erreger in der Bevdlkerung gestéarkt werden und einen Anreiz bieten die hohe
Durchimpfungsrate (Donoso Mantke et al. 2011; Heinz et al. 2013; Walder et al. 2008) in
Osterreich beizubehalten bzw. zu steigern.

Obwohl sich anhand unserer Ergebnisse - wie im Kapitel 3 beschrieben - nur ein einziger
positiver Nachweis von Babesia spp. erbringen lasst, folgt daraus, dass eine potentielle
Infektion mit Babesien spp. jederzeit mdglich ist.

Es handelt sich bei unseren Untersuchungen erst um die zweite Screeninguntersuchung von
Babesien in Osterreich und um das erste serologische in vivo Screening, das im Friihjahr
durchgefuhrt wurde, in der die Zeckenaktivitat noch gering ist. Daraus folgt, dass mangels
dieser Informationen Uber Babesia spp. vorwiegend bakterielle Infektionen nach einem
Zeckenstich in Betracht gezogen werden (Stanek 2009, Sonnleitner et al. 2014) obwohl
Koinfektionen weit verbreitet sind (Heyman et al. 2010; Lommano et al. 2012; Chmielewska-
Badora et al. 2012; Panczuk et al. 2016).

Unsere Forschungsergebnisse sollen vor allem praktizierenden Arzten als Information dienen,
fur immunsupprimierte und splenektomierte Personen ist diese Infektion lebensbedrohlich
(Krause et al. 2003, Leiby 2011, Mareedu et al. 2017).

Um weitere wichtige Erkenntnisse (iber die Epidemiologie von Babesia spp in Osterreich zu
erhalten, sollten nach jedem Zeckenstich Untersuchungen betreffend Babesien spp.
durchgefuhrt werden.

Untersucht werden sollten mdglichst bald auch Blutprodukte wegen der Gefahr bei
Ubertragung derselben. Amerikanische Studien verzeichnen einen steigenden Trend dieser
Ubertragung durch den Erreger B. microti (Bloch et al. 2016; Levin et al. 2016). In Osterreich
ist diese potentielle Mdglichkeit der Ubertragung noch viel zu wenig erforscht (Sonnleitner et
al. 2014), obwohl in den letzten Jahren schon autochthone Infektionen durch diesen Erreger
in Europa aufgetreten sind (Hildebrandt et al. 2007, Arsuaga et al. 2016).

Es besteht ein enormer Forschungsbedarf um madgliche Infektionen durch Blutprodukte zu
vermeiden. Nur durch so gewonnenen Daten und neuen Erkenntnissen kann man einer

potentiellen Gefahr einer Infektion entgegenwirken.
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